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Texas currently maintains the highest installed nameplate capacity and does not 

require publicly available post-construction monitoring studies that examine the impacts 

of wind energy production on surrounding fauna. This thesis examines potential wind 

energy impacts on avian and bat species in Texas through a three-part objective. The 

first two objectives synthesize literature on variables attractive to species within wind 

development areas and estimate impacted ranges outside of Texas, based on studies 

examining wind energy’s environmental impacts. The third objective focuses on Texas 

wind development potential for interaction with rare, threatened and endangered 

species of birds and bats using GIS analysis with a potential hazard index (PHI) model, 

which addresses broad-spectrum, high risk variables examined within the first two 

objectives. Assuming areas with higher wind speeds have potential for wind 

development, PHI values were calculated for 31 avian and ten bat species, based on an 

analysis of species range data obtained from the Texas Parks and Wildlife Department 

and wind data obtained from the National Renewable Energy Laboratory. Results 

indicate one avian species, Tympanuchus pallidicinctus, is at high risk for wind 

development interaction on an annual basis, with 20 species of birds and nine species 

of bats at higher risk during the spring season. This macro-scale approach for 

identifying high risk species in Texas could be used as a model to apply to other 

conterminous states’ preliminary evaluation of wind energy impacts. 

. 
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INTRODUCTION 

Since the mid-1980s, United States wind energy production has observed and 

documented environmental impacts towards avian and bat species (NWCC 2001; GAO 

2005). Specifically, wind turbines and their associated infrastructure (roads, substations, 

transmission lines, etc.) have been observed to affect avian and bat species through 

habitat displacement, avoidance-behavior displacement and collision-related fatalities 

(Thelander et al. 2000; Johnson et al. 2000; NWCC 2001; GAO 2005; AWEA). The 

United States Fish and Wildlife Service estimates that over 800 species of birds and 45 

species of bats migrate through or inhabit portions of North America annually (2009). 

Of these 800+ species of avifauna, 67 of them are considered to be endangered or 

threatened, with an additional 184 listed as species of concern (USFWS 2009). Six out 

of the 45 species of bats are also listed as endangered within the United States (USFWS 

2009). These species are protected under the Endangered Species Act (7U.S.C. § 136, 

16 U.S.C. § 1531), the Migratory Bird Treaty Act (16 U.S.C. § 703 – 712) and/or the 

Bald and Golden Eagle Protection Act (16 U.S.C. § 668-668c).   

Wind development’s observed avian and bat impacts fluctuate between individual 

sites and regions due to varying topography, habitats, migration flyways, species 

diversity and species abundance (Johnson et al. 2000; Thelander et al. 2000; NWCC 

2001; Erickson et al. 2002; GAO 2005; AWEA). Currently, some studies indicate there 

are no significant threats to wildlife associated with the production of commercial wind-

generated electricity in relation to other anthropogenic distresses (Erickson et al. 2002; 

GAO 2005; Manville 2005). However, potential cumulative effects are still unknown, and 
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due to both positive and negative externalities associated with wind developments, 

additional studies are needed to fully address wind energy’s overall impacts towards 

avian and bat species.   

Initial documentation of direct ecological impacts from wind developments began 

at Altamont Pass Wind Farm (APWF), located about 56 miles east of San Francisco, 

California in Alameda and Contra Costa counties (Thelander et al. 2000). APWF is one 

of the largest commercial wind projects within the conterminous United States, known 

for a higher occurrence of raptor collision-related fatalities (Thelander et al. 2000). 

Fatalities at APWF are difficult to compare with other wind farm locations, because no 

other wind farm contains analogous topography, species diversity/abundance, and 

turbine density of varying heights and rotor diameters (Thelander et al. 2000; NWCC 

2001; GAO 2005). The APWF could be considered anomalous compared to other 

publicized post-construction monitoring reports, where fatalities per turbine and per 

megawatt (MW) have been documented at much lower rates (Erickson et al. 2002; GAO 

2005; NAS 2007).     

Since the initial results at APWF were documented, ancillary studies have been 

conducted at other wind developments in United States (Erickson et al. 2000, 2003, 

2004; Howe et al. 2002; Johnson et al. 2002, 2003; Nicholson et al. 2005; Thelander et 

al. 2003; Koford et al. 2004; GAO 2005; Kerlinger et al. 2002, 2006; WEST 2006; Young 

et al. 2003, 2003, 2006; TRC 2008; Gritski et al. 2009; Jeffery et al. 2009). Within these 

studies, pre- and post-construction monitoring began to consider additional variables, 

such as searcher bias and scavenging, which would alter the actual number of recorded 
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or observed wind turbine collision-related fatalities to incorporate the unaccounted, 

scavenged, or overseen species within total fatalities estimates (NWCC 2001; Johnson 

et al. 2000; Erickson et al. 2002; GAO 2005). The National Renewable Energy 

Laboratory (NREL) has compiled and continues to update a publicly available database 

of wind development studies and other collision-related documents for evaluating wind 

energy’s impacts on the environment.    

This thesis synthesizes information from the NREL wind-wildlife interaction 

literature database (WILD) to examine broad-spectrum risks for rare, threatened and 

endangered birds and bats observed or known to reside within Texas. Although Texas 

produces more wind energy than any other state or most countries, there are currently 

no publicly available post-construction studies for operating wind developments in 

Texas within the WILD database. This thesis examines impacts from wind developments 

through a comparative literature analysis of available pre-construction surveying and 

post-construction monitoring studies to estimate impacts towards avian and bat species 

outside of Texas, in order to evaluate potential impacts towards rare, threatened and 

endangered species within the state. 

Ecological Impacts of Wind Energy Developments 

One by-product of increasing wind developments in Texas and in the United 

States is a reduction in greenhouse gas emissions, aiding regions in reaching air quality 

attainment goals (AWEA 2008). For every 20,000 MW of wind energy produced, 34 

million tons of CO2, 176,000 tons of SO2, 83,000 tons of NOx and 1,500 pounds of 

mercury are not emitted into the atmosphere and our water sources, providing cleaner 
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air, water and healthier habitats for wildlife (AWEA 2008). However, wind developments 

do have direct and indirect potential to impact wildlife (NWCC 2001; Erickson et al. 

2002; GAO 2005). The parameters of these impacts are dependent on site-specific 

variables and biodiversity abundance within the wind resource location (Osborn et al. 

2000; NWCC 2001; GAO 2005).  Erickson et al. (2001) and Manville (2005) estimated 

through a comparative literature analysis that wind turbine collision-related fatalities are 

minimal compared to other anthropogenic sources of avian collision (such as building, 

communication towers, car, etc.). A study conducted by Sovacool 2009 found that, 

when compared with other energy sources, wind energy causes the least impacts to 

avian wildlife. These anthropogenic sources of avian fatalities are discussed in a latter 

section of this thesis.   

 Post-construction monitoring at United States wind developments has 

concentrated on examining direct avian and bat wind turbine collision-related fatalities 

(Erickson et al. 2002). Direct impacts from wind turbines and associated infrastructure 

have been observed and documented to cause collision-related fatalities among avian 

and bat species (NWCC 2001; GAO 2005; Kunz et al. 2007; Kuvlesky et al. 2007; 

Stewart et al. 2007). However, a number of species are observed to be affected 

through indirect avoidance and displacement due to habitat fragmentation from clearing 

and erecting wind turbine pad sites, necessary roads and associated guy-wires, towers, 

and substations (Johnson et al. 2000). Species avoidance of a wind development could 

impact population viability for individual or populations of species due to fragmentation 

of the species’ suitable habitat, resulting in either overcrowding of usable habitats, 
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species relocation or increased mortality due to lack of available resources (Johnson et 

al. 2000; NWCC 2001).   

 When examining the direct and indirect impacts from wind developments 

between avian and bat species, bats appear to have a higher frequency of turbine 

collision-related fatalities than their avian counter-parts within the eastern portion of the 

United States (Kunz et al. 2007; Arnett et al. 2008). Direct impacts from wind 

developments on bat species can result from wind turbine collision-related fatalities, 

weather and barotrauma, a sudden reduction in pressure caused by wind turbine blades 

(GAO 2005; Baerwald et al. 2008). Additionally, visual responses during migration are 

thought to mislead a bat into seeking a roosting location within wind developments 

(Arnett et al. 2008). Bats have a lower fecundity rate than avian species and wind 

development impacts could contribute to significant impacts to overall bat species’ 

population parameters (Arnett et al. 2008). There were no documented fatalities of 

endangered species of bats found within the available literature. Supplementary studies 

are needed to fully assess wind energy impacts towards bat species.   

 Avian and bat species have the potential to collide with wind turbines due to 

several causes. For example, wind developments within major migration corridors can 

lead to collision-related fatalities during a bird’s ascent and descent to forage or roost 

on a migration stop-over (Osborn et al. 2000). Additionally, weather has been 

documented to influence wind turbine collision potential during significant weather 

events (GAO 2005). For example, major rain and fog events, with increasing wind 

speeds or decreasing visibility, pose risks for avian and bat species (NWCC 2001; GAO 
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2005). Overall, the ecological impacts of wind developments are currently minimal in 

regards to generalized biodiversity impacts. However, with continued increases in wind 

development throughout the United States and unknown cumulative impacts, current 

observed minimal impacts could potentially lead to larger impacts on populations of 

avian and bat species.   

Wind Energy Production in the Conterminous United States 

Wind energy production within the United States has been increasing at an 

exponential rate within the past several years. Currently, the United States leads all 

nations with the highest installed nameplate capacity, table 1 (AWEA 2010). At the end 

of 2008, the United States generated over 24,000 megawatts (MW) of energy from 

wind projects, roughly 1.5% of the nation’s total annual energy consumption (AWEA 

2010, DOE 2008). By the end of 2009, the United States had installed 30,000+ MW of 

wind infrastructure (AWEA 2010).   

 

 

 

 

 

 

Table 1. Top five ranking nations installed wind power capacity (MW) 
 
Rank Nation Installed MW 
   1 United States 35,159 
   2 Germany 25,000 
   3 China 22,500 
   4 Spain 18,263 
   5 India 11,587 

Source: American Wind Energy Association, 2010.  
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Commercial wind energy production in the United States began in 1981, and has 

since grown at an astonishing rate (DOE 2008). Figure 1 shows the cumulative installed 

nameplate capacity for the United States through the year 2008 (AWEA 2010).  

Following the 2008 report, the installed nameplate capacity in the United States has 

grown by an additional 10,000 MW, with future developments anticipated (AWEA 

2009). The United States continues to set goals and has already surpassed many 

regional goals, in regards to commercial wind developments. The next non-legislative, 

yet aspiring goal of the United States is to produce 20% of the nation’s electricity 

demands from wind energy by 2030 (DOE 2008). This would incorporate a cumulative 

installed nameplate capacity of 305,000 MW and will allow for a major reduction in the 

cumulative greenhouse gas emissions, in addition to increasing job opportunities and 

reducing further need to import supplementary fossil fuel resources to meet increasing 

United States demands (DOE 2008).  

  



8 

 
Figure 1. United States cumulative installed wind energy capacity (AWEA 2009). 
 
 
 Incorporating additional wind developments could allow a 25% reduction in 

greenhouse gases emitted annually by the year 2030 based on the 2007 emissions 

released (AWEA 2008; DOE 2008). Though demands will likely increase before 2030 

and this emissions reduction estimate may not be accurate, by that timeframe 

technological advances in other renewable energy sources would allow for further offset 

of potential emissions released. Figure 2 depicts the cumulative avoided emissions from 

generating additional wind energy (DOE 2008). This goal of increasing wind 

developments to reduce greenhouse gases by 25% would attain an approximate 

3,000,000,000 metric tons cumulative avoided emissions by 2020, and over 

7,000,000,000 metric tons avoided by 2030 (DOE 2008).   
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Figure 2. Cumulative avoided emissions from wind developments (U.S. DOE 2007). 

 In order to attain the 2030 wind energy goal, the United States would need to 

incorporate over an additional 250,000 MW of installed nameplate capacity (DOE 2008).  

The majority of this additional infrastructure would come from onshore wind 

developments, but with advancements in technology, offshore wind development 

potential is expected to contribute towards the overall goal (DOE 2008). Figure 3 details 

the growth rate contribution from onshore and offshore wind energy production 

necessary to accomplish the 2030 goal.   
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Figure 3. Cumulative installed capacity needed for 2030 goal (U.S. DOE 2007).  

  
  
 Meeting the 2030 goal is feasible pending that enough wind turbines can be 

manufactured, installed and become operational within the next 20 years. This would 

assume using larger, more efficient wind turbines varying in nameplate capacity from 

one MW upwards to seven MW of nameplate capacity as technology advances. 

Individual turbines require only a small fraction of a wind development area and 

incorporating the 2030 wind goal would require a distributed 2,500 km² area for the 

wind turbines, an area smaller than the size of Rhode Island, but this area does not 

incorporate wind development’s necessary infrastructure (DOE 2008).   

 Finding a wind resource area with viable wind speeds optimal for commercial 

production is not the problem. The Central Plains region of the United States alone 

could attain this objective based on the estimated maximum potential output for this 
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region, figure 4. The problem is placing commercial wind infrastructure where 

opposition is minimal and wildlife impacts can be deterred or mitigated. While the focus 

of this thesis is not concerned with micro-siting of wind developments within Texas, 

rather it examines a macro-scale approach to allow for quick assessment of large 

portions of the state that may contain an increased risk to protected species.   

 
 
Figure 4. Maximum estimated potential output (MW) for the conterminous United States 
(AWEA 2007).  
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Wind speeds are heterogeneous and commercial wind-generated electricity is 

currently only economically feasible in areas that consist of class 3+ mean wind speeds 

(NREL 2006).  Wind turbine allocation is thereby limited to an individual sites’ potential 

to harness the strongest winds (AWEA 2008; NREL 2006).  Figure 5 details the class 3+ 

wind speeds for the United States examined at 50 m heights (NREL 2006).   

 

Figure 5. Commercially viable wind speeds in the United States (NREL 2006).  

 

The higher the class wind speed, the greater the potential for energy to be 

produced at a given time.  However, most of the class 5+ wind speeds, considered to 
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be excellent to superb for commercial development, are located along mountain ridges 

and costly to develop (AWEA 2001).  Wind turbine need to be tall to optimize maximum 

production potential, therefore turbine allocation poses some tribulations when siting 

wind farm projects in areas with cost-effective wind speeds (NREL 2006).   

The main focus of this thesis research is on Texas, where roughly a quarter of 

the state is considered fair to excellent for commercial wind energy production (AWEA, 

NREL 2006).  This state has seen rapid expansion of wind infrastructure within the last 

few years and continued growth is anticipated.  An examination of Texas wind energy 

will begin to explore this state’s contribution to the overall conterminous United States 

wind-generated electricity and address potential impacts to wildlife within the state.  

Wind Energy in Texas 

 Texas is currently the largest producing state in the United States in regards to 

wind-generated electricity, table 2.  This state has already surpassed the 5,880 MW 

contribution expected from wind energy by 2015, with a current installed nameplate 

capacity of 9,410 MW (AWEA 2010).   

 

Table 2. Top five U.S. states installed nameplate capacity (MW) 
 
Rank State Capacity (MW) 
   1 Texas 9,410 
   2 Iowa 3,670 
   3 California 2,794 
   4 Washington 1,980 
   5 Minnesota 1,809 
Source: American Wind Energy Association, 2010.  
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 Research of wind energy-related post-construction monitoring within Texas has 

brought no results of publicly available reports. Pre-construction surveys have been 

conducted at some wind farms in Texas, but currently there is no mandatory 

requirement for any pre- or post-construction monitoring to be conducted, unless the 

project is to be on state-owned lands, federal funding is provided or if an endangered 

species is known to reside in the wind resource area (USFWS 2006, TPWD 2007). The 

NREL’s WILD database did not contain any documentation of pre- or post construction 

monitoring of wind developments in Texas, with the exception of one study examining 

potential implications for wind developments located along the Texas Gulf Coast. 

Figure 6 visualizes the mean annual wind class speeds per Texas counties. These 

generalized macro-scale annual wind speeds provide quick assessment for determining 

prime wind development locations within the state. However, wind speeds vary 

throughout the year and could pose future risks for species residing outside of current 

prime wind locations due to advancements in wind turbine technology. Seasonal 

fluctuations in wind speeds allow for wind development to occur in portions of the state 

that may not reflect the current annual mean prime wind resources. Detailed temporal 

wind speed maps for Texas are located within the appendix section of this thesis.    

Currently, Texas wind farms are primarily located within the western, 

northwestern and southern portions of the state, figure 7. The majority of these wind 

developments are located within class 3+ annual mean wind speeds, but some of these 

developments are allocated to areas that average less than a class 3 wind speed. This 

reinforces that with advancements in wind turbine technology, areas currently not 



15 

seeing development may be prime locations for the future of Texas wind energy, based 

on land availability and temporal fluctuations in wind speeds.     

 

 

Figure 6. Texas annual mean wind class speeds by county (NREL/AEI). 
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Figure 7. Texas wind developments per county (NREL/AEI 2009).   
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PURPOSE 

 Texas maintains a greater diversity of avian and bat species than any other state 

within the conterminous United States (TPWD). The main purpose for this thesis 

research is to evaluate and address potential risk for wind development interaction with 

rare, threatened, endangered and concerned species of birds and bat known or 

observed within the state of Texas.   

Objectives 

 This thesis investigates wind energy’s potential impacts towards endangered and 

threatened avian and bat species within Texas through a three-part objective. The first 

objective is to synthesize available pre-construction variables from studies conducted 

within the conterminous United States. These studies are used as proxies to establish 

topographic, geographic, or site-specific variables that were found to pose potential 

risks to wildlife. These features are later applied to macro-scale siting to identify higher 

risk areas in Texas for rare, threatened and endangered birds and bats relative to 

current and potential wind developments in the state. 

 The second objective of this thesis is to examine wind energy regions of the 

United States that already have detailed, publicly-available, post-construction studies.  

This includes the Pacific Northwest and Southwest, the Rocky Mountain region, the 

Midwest Plains region and the Eastern Atlantic regions of the conterminous United 

States. Variables such as rotor diameter and turbine height were examined to 

determine possible relationships between these variables and increased collision 

fatalities. Using descriptive statistics, this thesis examined current reported overall 
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avian, raptor and bat mean direct fatality rates per turbine and per MW, and then 

extrapolated and projected fatalities based on current installed capacity for the entire 

United States, designated geographic regions and for the state of Texas. For example, a 

region that averages 1.5 fatalities per turbine and 1 per MW, and maintains 2000 

turbines with an installed nameplate capacity of 1700 MW, would range between 1700 

– 3000 estimated mean fatalities per year.   

 Though it is practically impossible to determine the true number of wind turbine 

collision-related fatalities, an extrapolation of existing mean fatalities data to the current 

installed capacity aids in estimating potential thresholds for avian and bat populations 

affected by current commercial wind developments within the conterminous United 

States. These extrapolated mean fatalities are then compared to other energy sources 

(Sovacool 2009) and other anthropogenic sources of avian fatalities discussed in 

Erickson et al. (2002) and Manville (2005) within a latter section of this thesis. 

Currently, there are no reports that estimate raptor or bat fatalities from other 

anthropogenic sources of energy and collision potential. Consequently, the extrapolated 

values cannot be justly compared to the other human-caused avian sources of fatalities, 

but the values are calculated and included within this study for merely reference value.  

Further studies are needed to understand wind energy’s full potential impact on both 

bat and avian species.  

Finally, the primary objective of this study is to map areas of wind energy 

potential in Texas relative to the known and observed range limits of threatened or 

endangered avian and bat species. Because Texas maintains voluntary pre-construction 
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surveying and post-construction monitoring, little to no data is available on estimated 

wind turbine collision-related fatalities within the state. With the use of GIS analysis, the 

development of a potential hazard index (PHI) based on the percentage of known or 

observed species range area (by county) within each wind speed classification is 

calculated for 31 avian and  ten bat species in Texas. Species data was obtained from 

the Texas Parks and Wildlife Department’s (TPWD) rare, threatened and endangered 

species database and wind maps were examined from the National Renewable Energy 

Laboratory (NREL).   

This thesis assumes that areas with higher wind class speeds optimize potential 

for harnessing the largest quantity of commercial wind-generated electricity, thereby 

containing a higher density of wind turbines and possessing the greatest potential for 

avian and bat wind development interaction. This PHI model aids in determining which 

concerned or threatened species could be at greater risk for wind development 

interaction with current and future commercial Texas wind energy developments.  

Identifying which protected species are at greater potential risk for wind development 

interaction could allow conservationist and wind developers to minimize and mitigate 

impacts towards protected species of birds and bats within Texas.   

Methodology 

Methodologies for this study include a combination of qualitative analysis, where 

previously mentioned variables are examined through descriptive statistics and an 

extensive literature review. Site-specific variables are examined from publicly available 

pre- and post-construction monitoring reports and summarized where variables of 
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interest, relevant to Texas wind developments were discovered. Using the TPWD rare, 

threatened and endangered species database, this thesis estimates potential risk 

relative to species’ known range limits, overlapping with wind class speeds, to evaluate 

which species are at greatest risk from wind developments in the state. The following 

potential hazard index (PHI) model calculation was performed for each rare, threatened 

and endangered species examined within this study: 

PHI = ∑ (AW) 

Potential Hazard Index = ∑ [(percent of known range area) (wind class speed)] 

Note:  Wind class speeds range from 1 – 7  

 The PHI values calculated do not reflect actual risk to the species examined; 

rather it evaluates broad-spectrum risk based on potential for wind farm development 

in proximity to known protected species in the state. Any species found to have a PHI 

value of 3.0 or higher will be considered at high risk for wind development interaction in 

this study. For example, a species whose observed and known range limits 

encompasses three wind classes in Texas, with 20% of the area located in class 1 wind 

speeds, 45% in Class 2 and 35% of the area in Class 3, would calculate a PHI value of: 

PHI = [(0.20) (1) + (0.45) (2) + (0.35) (3)] = 2.15 

 In order to estimate annual and temporal PHI values for each species examined 

within this study (N = 41), county range limits data from the TPWD and general mean 

class wind speed data from the NREL and AEI were examined through spatial analysis 

via ArcMap 9.3.1 GIS software by ESRI (Environmental Systems Research Institute, 

Redlands, California). Using North American Datum 1983 as the coordinate base, mean 
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wind class speed data per Texas county was determined by georeferencing the TPWD 

range limits data with the NREL mean wind class data and then recalculating county 

areas based on wind speed classification. A GIS analysis allowed for visual 

representation of risk zones for species examined, where additional variables, such as 

major water sources, eco-regions wildlife refuges and state park areas are visually 

correlated.   

 Portions of Texas should not develop commercial wind energy for various 

reasons. These include commercial development within a largely populated city and 

development near major habitat features found to attract avian and bat species. Initial 

literature review indicated that, though not required by law, some states placed buffers 

around wind turbines, anywhere from one hundred yards to five miles, depending on 

site-specific vegetation, topography and species characteristics (GAO 2005). For this 

reason, a buffer shapefile was created by combining and buffering by one-mile major 

rivers, lakes, reservoirs, state parks and wildlife refuges in Texas.  Additionally, a buffer 

surrounding 500 yards from major city borders was placed due to literature reviews 

indicating similar buffer distances to reduce potential noise disturbances. Figure 8 

visually depicts the buffered and excluded regions to be used within the PHI 

calculations in a latter section of this paper.  In order to mitigate adverse ecological 

impacts from wind developments, an examination of the wind resource area, and 

proper siting of wind turbines prior to and after the construction stage, is necessary to 

address potential wildlife issues (Johnson et al. 2000; Thelander et al. 2000; NWCC 

2001; Erickson et al. 2002; GAO 2005).  
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Figure 8. Wind energy buffer zones. 
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SYNTHESIS OF PRE-CONSTRUCTION MONITORING RESULTS 

 It is optimal for wind farm developments to monitor and mitigate potential risks 

to surrounding flora and fauna prior to the construction stage. The United States Fish 

and Wildlife Service strongly encourages and recommends that wind developers 

conduct a minimal one-year pre-construction surveying, with an additional two years 

post-construction monitoring, to estimate risks to wildlife within the wind resource area 

(2003). Some states, particularly within the northern portion of the conterminous 

United States, require both pre- and post-construction monitoring reports indicating 

which species may be at risk prior to construction, and which have been observed to 

physically interact and collide with wind turbines after operation begins (GAO 2005). 

Texas does not require pre- or post-construction monitoring unless the wind 

development is on state-owned lands, or if protected species are known or observed 

within the wind resource area. The following information compiles and synthesizes pre-

construction monitoring methods and variables of interest, relevant to Texas wind 

developments, in efforts to deter or mitigate potential risks to avian and bat species of 

concern within the state.   

Compilation of Literature Review 

 Prior to the construction phase at any potential wind resource area, an analysis 

of the surrounding flora and fauna is necessary in order to address potential 

environmental issues. Developers should identify a wind resource area most conducive 

to wind energy development, but also an area that displays lowest initial risks for 

wildlife (NWCC 2001; AWEA 2002; USFWS 2003; GAO 2005). For example, cropland 
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areas tend to encompass less useful habitats for wildlife versus areas that have had 

little human alteration, providing intrinsically lower risks for many species if 

developments are already placed on altered landscapes (NWCC 2007). Identifying a 

landscape that is void of species abundance but prime for development is a difficult 

task. No two wind developments are identical, and individual site evaluation is a 

necessity.   

 A variety of topographic and landscape features have been documented to 

attract avian and bat species. For example, cliffs and ridges are appealing to raptor 

species for catching thermals and wind drafts for flight (Hoover 2002). Wind 

developments should avoid turbine placement that is near plateaus or tall, steep 

hillsides; saddles; and the windward side of ridges when raptor species are known to 

occupy the area (Hoover 2002, WEST 2008). Wind turbines should not be placed near 

forested ridges because these habitats are appealing to bat species (Arnett et al. 2005). 

Any ephemeral ponds or intermittent water sources should be avoided within wind 

developments so that species will not congregate near these temporary landscape 

features (NWCC 2001). Also, in open prairies and sage-brush, ground-dwelling species, 

such as the greater (Tympanuchus cupido attwateri) and lesser (Tympanuchus 

pallidicinctus) prairie chickens, conceal themselves within the foliage (USFWS 2004).   

 Buffer zones should be placed surrounding locations within human-altered 

landscapes that retain some natural unaltered elements (USFWS). Since a large portion 

of wind developments are placed within cleared habitats, used concurrently for 

grasslands or agricultural purposes, implications for species known to reside within 
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open habitats becomes a concern, especially with protected species. This leads to 

individual site evaluation for field surveying and monitoring of species observed to 

reside or migrate through the potential wind resource area and variables found to 

attract these species annually and temporally.   

 Appealing habitats increase the risk for potential wind turbine collision-related 

fatalities within a wind resource area. Identifying these features allows for turbine 

placement that reduces, either by buffering out those areas or relocating the 

development, potential wildlife interaction with wind turbines. Identifying both pre-

construction risk variables placed upon avifauna due to wind developments and 

applying mitigation measures, could deter potential future risks (Smallwood et al. 

2005). However, many questions remain about species influences within a wind 

development and the ecological impacts associated with these collision-related fatalities.   

 The following information, summarized from the National Wind Collaborative 

Committee mitigation toolbox, identifies key areas and variables of concern that should 

be examined prior to the construction phase for any potential Texas wind development. 

These recommendations are a first-step approach to minimizing wind development 

interaction, wind turbine collision-related fatalities and indirect effects from commercial 

wind developments prior to the construction stage. Pre-construction synthesis from 

multiple regions and locations to minimize potential environmental impacts from wind 

developments are as follows (NWCC 2007): 

- Conduct general macro-siting evaluation (this thesis conducts a macro-

evaluation for protected Texas birds and bats). 

o Consult with local Fish and Wildlife and Environmental groups. 
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o Site selection should avoid area where habitats are natural and   

undisturbed (USFWS).   

o Place developments in agricultural/cropland settings where        

species attraction is already minimized and mitigation techniques to 

deter impacts are less intensive (USFWS).  

- Conduct micro-siting evaluation to determine where potentially higher risk 

areas are within a wind development and avoid turbine placement near such 

locations. 

o Includes avoiding known major habitats, wildlife corridors, 

migration flyways, roosting and foraging habitats (Smallwood et al. 

2004; USFWS). 

   -    Research species diversity and abundance within the wind resource area 

o Conduct pre-construction surveys estimating diversity and 

abundance for a minimum of one-year prior to construction, for 

both avian and bat species (USFWS). 

o Utilize point count surveys, marine radar technology and human   

observation to estimate species numbers within the development  

(USFWS). 

 -    Examine weather patterns within wind development areas. 

o Avoid areas known to have dense fog impacts regularly (USFWS). 

- Evaluate prey availability within the resource area that may attract raptor 

species. 

o Remove or alter habitats that may house available prey (Smallwood 

et al. 2004). 

o Eliminate rock piles that house rodents (Smallwood et al. 2004). 

- Evaluate topographic features that may attract vulnerable species. 

o Raptor species perch in high trees and Cliffside’s, near major water     

sources (Hoover 2002). 

o Avoid placing turbines on windward side of slopes, near steep 

ridges or along saddle formations (Hoover 2002).  
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o Ephemeral water sources should be avoided (NWCC 2001). 

o Forested ridges should be avoided or buffered (Arnett et al. 2005;   

2009) 

o Buffer and unaltered vegetation within cropland/agriculture setting  

(USFWS). 

 -     Be prepared to relocate wind development if high risk variables are within   

       the initial planned area (USFWS). 

 
  No matter how much preparation a wind development may take to deter 

potential wildlife risks, the likelihood of collision-related fatalities never happening is a 

delusion. The best developers can do is to consult with their local fish and wildlife 

department to determine measures to reduce risk that deter wildlife interaction when 

the construction becomes operational. This includes everything from site location, 

biodiversity and abundance surveying, topography, prey availability and habitat 

availability. Mitigating possible higher risk locations prior to construction will reduce the 

potential for costly post-construction mitigation techniques in the future.   

Applying Variables of Interest to Texas Wind Developments 

 Pre-construction surveys allow for identification of topographic features, 

vegetation, roosting-habitats and water sources that may attract birds and bats to a 

particular location. They also identify species known or observed to reside within a 

potential wind resource area through point-count surveys, marine radar and general 

observations. Certain landscape features may pose greater risk for individual species 

that may roost and forage within these settings; however, all is dependent upon the 

species studied. Texas has a wide range of eco-regions, which in turn attracts a variety 

of avian and bat species. Figure 9 details the eco-regions in Texas that allow for a 
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diverse range of flora. Vegetation regions are due to soil types within an area, which is 

influenced by the geologic formations within the substratum, resulting in a diversity of 

eco-region habitats. Examination of other states’ pre-construction surveys determined 

general major topographic features in Texas that should be avoided in order to reduce 

potential wind development interaction risk for avian and bat species.   

 Texas topography ranges from a higher mountainous or ridge-top region in the 

far western Trans Pecos and central Edward’s Plateau regions, to a Piney Woods region 

in the eastern portion of the state. The northern Panhandle region of the state 

incorporates a combination of high and rolling plains, conducive to higher wind speeds.  

The southern and southeastern portions of the state maintain coastal plains, prairies 

and marshes appealing to many migratory species. Topography can play a vital role in 

wind development locations, because production usually occurs in areas with higher 

wind speeds. Within Texas, the western, northwestern, central and some southeastern 

coastal locations maintain the necessary annual wind speeds appealing to wind 

developers.   

 Macro-siting of a large regional area, such as the entire state of Texas, allows for 

identification of a wide-range of topographic and geographic features that can attract a 

variety of avian and bat species. These varying landscapes house diverse species of 

flora and fauna, all of which could be impacted by anthropogenic sources. Wildlife can 

always be found near water bodies and vegetation, allowing for avian and bat species 

to roost and forage. Figure 10 shows the locations of major lakes and reservoirs in 

Texas. Assuming that larger lakes and reservoirs will attract a higher density of species, 
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wind developments close to major water sources should be buffered in order to reduce 

potential interactions with avian and bat species.   

 

Figure 9. Texas ecoregions (TPWD). 
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. 

 
 

Figure 10. Lakes and reservoirs in Texas (TPWD).  
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 Figure 11 illustrates the location of major rivers in Texas.  The northern and 

eastern portions of the state contain the major rivers of Texas, due to topographic 

elevation descent from the western and western-central portions of the state to the 

flatter coastal areas within the southeastern portions of the state.  Major water ways 

should also be buffered from commercial wind developments in order to reduce 

potential interaction from endemic and migratory species looking for roosting and 

foraging stop-over locations.  Areas known to attract endangered and threatened 

species are often sanctioned as wildlife refuges and are generally associated near a 

state park.  Figure 12 shows the location of wildlife refuges and state parks within 

Texas.  In general, examination of pre-construction studies and mitigation techniques 

indicated that areas found to attract species should be avoided or buffered from wind 

developments and unfragmented, natural habitats should be avoided for commercial 

wind development. 

 For this thesis, macro-scale evaluation of sensitive habitats in Texas provided 

broad-spectrum, no-build zones that could reduce potential impacts to avian and bat 

species, especially when a buffer zone surrounding sensitive habitats is emplace.  As 

discussed within the methodology section of this thesis, spatial analysis provided a 

means to remove these higher risk areas and to place of one-mile buffer surrounding 

there locations.  A latter section of this thesis incorporates these buffered zones into a 

potential hazard index for protected avian and bat species within Texas, assuming that 

current and future wind developments would avoid these habitats.   
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Figure 11. Major rivers in Texas (TPWD). 

 

 



33 

 

 

Figure 12. Wildlife refuges and state parks in Texas (TPWD). 
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SYNTHESIS OF POST-CONSTRUCTION MONITORING REPORTS 

 Wind turbines have been observed to directly and indirectly affect avian and bat 

species through collision, habitat loss and avoidance behavior (Johnson et al. 2000; 

Erickson et al. 2002). Information is available for collision-related fatalities from multiple 

studies conducted in the conterminous United States; these data are summarized in the 

next section of this thesis. However, it is difficult to quantify species avoidance or 

displacement behavior due to wind developments; consequently, little information is 

available.   

 Pre-construction surveying estimates for avian and bat species within a potential 

wind development site allow for comparison with post-construction surveying estimates 

to determine if species are avoiding a wind development. This evaluation, in 

conjunction with observing a control location (no wind developments present) 

supporting similar species’ abundance and diversity, will help establish whether indirect 

avoidance impacts are due to wind developments or some other variable. There are 

currently few studies that estimate species avoidance rates from pre-construction 

survey abundance with post-construction species observations.   

 Post-construction studies have observed indirect avoidance behavior from 

species such as songbirds and grassland birds (Johnson et al. 2000). Some studies have 

indicated that habitats surrounding or encompassing wind-energy developments may 

deter species from entering the area and displacing the species from their usual range 

limits (Johnson et al. 2000). For example, on the Buffalo Ridge wind development in 

Minnesota, the abundance of some passerines, shorebirds, waterfowl, upland game 
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birds and woodpeckers was found to be significantly lower around sample locations 

containing wind turbines versus sample locations without turbines (Johnson et al. 

2000). This thesis addresses, but does not attempt to quantify or estimate indirect 

impacts of wind developments on protected avian and bat species in Texas. 

  Evaluating wind development impacts on avian and bat species requires 

quantification of direct fatality rates due to collision with a wind turbine. Measuring and 

quantifying direct fatalities involves searching for collision victims surrounding wind 

turbines and associated infrastructure. Depending on the search interval duration 

between searches, animal scavengers, both avian and mammal, may remove carcasses 

before being detected by the individual searchers, possibly lessening the actual value of 

impacted species and underestimating impacts (Morrison 2002). Additionally, individual 

searchers will vary in their abilities to detect turbine fatalities and efficiency in carcass 

recovery varies between landscapes (Morrison 2002).   

  Human bias to detect carcasses is often due to differing vegetative conditions, 

levels of protocol training or human-error (Erickson et al. 2002). For instance, larger 

species of raptors may be easier to identify than smaller species of songbirds and bats, 

possibly underestimating these species’ fatalities estimates (Erickson et al. 2002; GAO 

2005). However, not all wind developments see raptor and bat fatalities (Kerlinger 

1997; Erickson et al. 2000; Nicholson et al. 2005; Howe et al. 2002; Johnson et al. 

2002; Johnson et al. 2003; Young et al. 2006). For example, at the National Wind 

Technology Center wind development, all observed fatalities were songbirds and no 

raptor or bat fatalities were observed during the study (Schmidt et al. 2003). The latter 
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study is excluded from extrapolated estimates made in this thesis due to no reports of 

overall avian fatalities/turbine or per MW estimated within the study. In order to 

account for human biases and animal scavenging, searcher efficiency and scavenging 

trials are conducted for individual studies to adjust final estimations of fatalities to 

reflect these variables.   

  Though studies do account for unseen variables in estimating the collision-

related fatalities, variances between studies protocols may result in an over- or under-

estimation of wind turbine collision-related fatalities between locations. Variations in 

searcher efficiency rates between wind farm locations have been documented 

(Strickland et al. 2004). For example, searcher intervals may vary from weeks in one 

study, whereas another study may search the turbine plots daily (NWCC 2001; GAO 

2005). When search intervals range from days to weeks at a time, increased removal of 

carcasses due to scavenging increases and carcass decaying may hinder detection 

probability.   

  In order to appropriately estimate annual mean fatalities for avian and bat 

species, searcher efficiency trials should be conducted year-round, in order to account 

for differences in temporal vegetation and weather conditions (Morrison 2002). 

Infrequent survey methods can also result in biased and underestimation in quantifying 

impacts on avifauna and bat species within the wind development (Morrison 2002). 

However, without adjustments or correction factors based on searcher efficiency and 

animal scavenging rates, fatality estimates would be otherwise heavily underestimated 
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(Erickson et al. 2002; Johnson et al. 2002; Morrison 2002; Johnson et al. 2003; GAO 

2005). 

 In order to minimize wildlife impacts during the operational stages of a wind 

development, turbine design and placement in areas identified within pre-construction 

assessments should be implemented, cautious of turbine orientation relative to 

migration corridors (USFWS 2004). Turbine design and placement is important to 

reducing wildlife attraction within the resource area. For example, many newer 

commercial wind developments are choosing to use a tubular turbine design, versus the 

older lattice style of turbines, due to observations of raptor species perching or roosting 

upon the lattice towers (Orloff and Flannery 1992; 2002).   

 Increasing availability of perching locations within a wind development increases 

the collision potential for species known within the area (Orloff and Flannery 1992; 

2002). A study conducted by Orloff and Flannery (1992) identified several features of 

lattice style towers that could contribute to higher fatality rates among raptors. These 

include increased magnitude for potential perching on lattice crossbars, the time the 

species spends within the wind development and the speed of the turbine blades (Orloff 

and Flannery 1992). However, one study indicated that turbine towers that were 

tubular correlated with larger fatalities than the lattice style turbines, with 57% of 

fatalities in one study occurring at tubular towers (Thelander et al. 2000). Another 

study observed a decrease in fatalities with tubular tower turbines, however, tubular 

turbines at the end of a string and near canyons showed an increase in collision-related 

fatalities (Orloff and Flannery 2002).   
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 A variety of turbine heights and rotor-swept areas of turbine blades have 

documented collision-related fatalities with avian and bat species (GAO 2005; USFWS). 

While some studies indicate that increasing turbine heights decreases collision potential 

with avian and bats species, others suggest that increasing turbines heights increases 

the collision potential for nocturnal migrants (Anderson et al. 2004). Fatalities per 

turbine height and per rotor area (m²) swept are examined in the next section of this 

thesis to evaluate if height and circumference of turbines could be relative to increases 

or decreases in fatalities of overall avian, raptor and bat species in the United States.   

 Turbine placement is also critical within the wind resource area in efforts to 

mitigate collision potential (USFWS 2004). Reducing turbine density by replacing older 

turbines with newer wind turbine technology could possibly lessen impact potential by 

reducing the amount of occupied space within the resource area (Hunt 2002). For 

example, Hunt (2002) found a reduction in the turbine density, increases in turbine 

heights and changes from lattice to tubular towers reduced collision potential for golden 

eagles at a California wind development.   

 Turbines can cause a visual motion-smear for avian species, where spinning 

blades cause blurry vision, resulting in higher collision potential (Hodos 2003). This 

visual decline is possibly due to blade diameter, turbine rotational rates and viewing 

distance for the species (Hodos 2003). Though never tested, it is hypothesized that if a 

single, solid black blade and two unaltered blades are placed on a wind turbine, they 

would provide for a visual deterrent for avian species reducing collision potential (Hodos 

2003). Young et al. 2003 examined the effects of avian use and fatalities associated 
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with UV-reflective gel placed on turbine blades. Data collected by point count surveys 

within a wind development with 77 turbines using the reflective agent and 33 without, 

found that there was no statistical difference between fatalities associated with 

reflective or non-reflective identifiers (Young et al. 2003). While this does provide some 

mitigative incentive to continue studies that can determine deterrents for species within 

a development area, not enough information is currently available to decide whether or 

not this will aid in collision potential reduction for avian species.   

 Some avian species may not be able to hear the whistling or humming of wind 

turbine blades as they approach a wind development. A study reviewing the ability of 

birds to hear in noisy conditions indicated that birds cannot hear the humming of wind 

turbine blades as well as humans can (Dooling 2002). The windy conditions that 

turbines need to be economically feasible for commercial production, may cause birds 

to not hear turbine blade noises as they pass near or through a wind development area 

(Dooling 2002). However, the study suggests that slight modifications to the blades 

would alter the acoustic levels of turbines possibly making birds aware of their 

surrounding obstacles, resulting in fewer fatalities (Dooling 2002). No field studies have 

been conducted to determine if this mitigative technique is possible due to no current 

deployable field equipment.  

 The following information pertains to critical evaluation of turbine placement 

within a wind resource development during the construction stage and measures 

developers should take to minimize threats to wildlife once operation begins: 

- Avoid turbine placement near sensitive habitats and use already altered 

landscapes (NWCC 2001; Manville 2005). 
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- Construction and placement of turbines should not coincide with reproductive 

time periods (USFWS). 

- Avoid clearing habitats for new roads and use existing roads to the maximum 

extent (NWCC 2001; USFWS). 

- Avoid landscape features (cliffs, hill slopes, saddles, ridges) known to attract 

raptors for gliding flight (Hoover 2002; Manville 2005). 

- Develop a habitat restoration plan, a procedure to mitigate potential impacts 

to protected species (NWCC 2001; USFWS). 

- Avoid turbine placement in highly used migration corridors, bat breeding and 

hibernating grounds, and raptor nest sites (USFWS; Manville 2005). 

- Use turbines that discourage perching, minimize warning light flashes per 

minute (where applicable) (FAA), has a blade detection device emplaced and 

can alter blades acoustic levels for approaching species to detect.  Avoid 

using above ground wires on permanent structures; place them underground 

where applicable (USFWS).  Avoid unnecessary lighting that may attract avian 

species.  Do not use red bulbs (USFWS). 

- Place a marker (something to visually detect) on guy wires associated with 

tower infrastructure for avian species to visually identify and reduce collision 

potential (USFWS) 

- Turbine orientation should be placed parallel to known bird movement and 

grouped together in linear strings (USFWS). 

- Create buffered zones around sensitive areas within the development location 

to minimize interaction between turbines and wildlife habitats (Manville 

2005). 

- Avoid areas of high prey availability (Manville 2005).  Remove any features 

that may attract a species near a wind turbine within the pad sites.  This 

alteration should be kept to a minimal, but done to ensure prey availability 

within turbine locations is minimized. 

- Avoid areas with known frequent incidences of fog, mist and low visibility 

(USFWS).   
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 There is always the factor of the unknown to incorporate into a wind 

developments impact towards wildlife. Weather can play a key factor in the number of 

turbine collision-related fatalities. For example, at Mountaineer Wind Energy Center in 

West Virginia, the largest number of fatalities occurred to nocturnal songbird migrants 

during heavy fog surrounding a turbine using sodium-vapor lighting (Kerlinger et al. 

2004). However, many wind developments display strong weather conditions annually 

and have not observed large frequencies of fatalities due to inclement weather (Young 

et al. 2003).    

 During the operational stage of a wind development, several factors should also 

be considered and implemented to reduce collision potential for avian and bat species.  

This includes the possibility of a seasonal shutdown to reduced fatalities during mass 

migration events (USFWS 2003). Constant maintenance of mitigative tools used on 

turbines (such as reflective tape, acoustic deterrents and turbine positioning) to ensure 

impacts are attempted to be kept to a minimum. Additionally, if a style or specific 

location of a turbine is found to have a higher impact within the wind development than 

other styles of turbines used, decommissioning or relocation of higher-risk turbines 

should be implemented to reduce further fatalities (USFWS 2003).   

Post-construction studies should evaluate and estimate overall potential risk to all 

avian species, raptors and bats because differing impact severity will vary between 

these generalized species groups. It is currently extremely difficult to compare 

individual species fatalities between wind farm locations due to a large biodiversity of 

avifauna. Additional studies are needed to fully evaluate the impacts of weather, 
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topography and migration of birds and bats in relation to wind energy developments. 

The following literature review examines reported direct bird and bat fatalities rates per 

turbine and per MW at wind energy facilities outside of Texas.  

Compilation of Literature Review 

 Direct collision-related fatalities have been documented throughout regions of 

the United States. Methodologies used to estimate fatalities, where scavenger removal 

and searcher efficiency are taken into account, vary in duration, protocol and site-

specific variables, leading to differences in mean fatality estimates between wind 

development locations. There are distinct geographic differences between direct fatality 

rates for overall avian, raptors and bats species. However, though cumulative effects 

are still unknown, one study indicated that avian species begin to avoid wind 

developments after the first few years of operation (Smallwood et al. 2005). Birds can 

adapt to anthropogenic obstacles, but research is unclear if bats will naturally deter 

from a wind development (Smallwood et al. 2005).    

 Some states currently do not operate commercial wind developments, either due 

to poor wind resources or no currently proposed developments; therefore, data is not 

available from all portions of the United States that could maintain commercial wind 

developments. Synthesis of regional mean estimates for wind turbine collision-related 

fatalities was found to vary between regions and between species groupings. Table 3 

details site-specific characteristics, including turbine density and nameplate capacity, 

maximum turbine heights, rotor-areas swept and landscape habitats.   
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Table 3. Summary of wind developments site characteristics 
 

Site Installed 
MW 

No. of 
turbines 

Turbine 
Height 

Rotor 
diameter 

(m) 

Rotor area 
swept 
(m²) 

Landscape¹ Study 

Pacific Northwest 
Hopkins Ridge, WA 150 83 107m 80m 5027 m² G,S,A Young et al. 2006 

Nine Canyon, WA 48 37   92m 62m 3019 m² A,Cr,G Erickson et al. 2003 
Stateline, WA/OR 300 454   72m 47m 1735 m² A,Cr Erickson et al. 2004 

Biglow Canyon Phase I, 
OR 

125.4 76 121m 90m 6361 m² A,G Jeffery et al. 2009 

Combine Hills, OR 41 41   84m 61m 2961 m² G,A,CPR Young et al. 2006 
Klondike Phase I, OR 24 16 100m 65m 3318 m² A,G,S,RF Johnson et al. 2003 

Klondike Phase III, OR 216 122 100m 65m 3318 m² A,G,S,RF Gritski et al. 2009 
Vansycle, OR 25 38 74m 47m 1735  m² Cr,G Erickson et al. 2000 

Pacific Southwest 
Altamont Pass, CA - 5,400+ vary vary vary G Thelander et al. 2003 
Diablo Winds, CA 24.4 31 78.5m 47m 1735 m² G WEST 2006 

Techacapi, CA - 3,300  26m   530 m² R,G Anderson et al. 2004 
Montezuma Hills, CA 37 23  33m   855 m² G Howell 1997 

High Winds, CA 162 90 100m 80m 5027 m² G Kerlinger et al. 2006 
Turbines varied in height.  Mean weighted turbine height was used. 
Rocky Mountain Region 

Judith Gap, MT 135 90 80m 77m 4657 m² G,A,CPR TRC 2008 
Foote Creek Rim I, WY 72 43 73m 42m 1384 m² G,P Young et al. 2003 

Foote Creek Rim II, WY 33 25 73m 44m 1521 m² G,P Young et al. 2003 
Central Mid-west Plains 

Buffalo Ridge, MN 22 73 76m 33m  855  m² A Johnson et al. 2002 
Buffalo Ridge I, MN 107 143 76m 48m 1810 m²  A Johnson et al. 2002 

Buffalo Ridge III, MN 104 139 76m 48m 1810 m² A Johnson et al. 2002 
Top of Iowa , IA 80 89 72m 26m  527  m² A Koford et al. 2004 

WPS/MGE, WI 20 31 89m 47m 1735 m²  - Howe et al. 2002 
Eastern Atlantic 

Searsburg, VT 6 11 60m - - F Kerlinger 2002 
Meyersdale, PA 30 20 115m 72m 4072  m² F As cited in GAO 2005 

Mountaineer, WV 66 44 105m 72m 4072  m² F Kerns and Kerlinger 
2004 

Buffalo Mountain, TN 2 3 88m 47m 1735  m² F Nicholson et al. 2005 
All studies were not set to the same standards of protocol.  Duration and searching intervals vary between 
locations.  Some studies found no fatalities within the study timeframe, while other studies found multiple 
fatalities within a short-duration of time.  Though methods vary, until further studies are conducted to fully 
assess wind energy’s impacts, comparison of what is known will address future study needs. 
¹ Landscapes key:  G=grassland; S=steppe; A=agriculture; Cr=cropland; CRP=protected range land; 
RF=riparian forest; F=dense forest 
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 Table 4 synthesizes available post-construction estimates from observed overall 

avian impacts within five generalized regions of the conterminous United States.  

Individual species fatalities between wind farm locations were not examined in this 

thesis due to smaller numbers of fatalities between diverse numbers of individual 

species identified. Total avifauna estimated fatalities ranged from 0.0 to 7.28 per 

turbine and 0.0 to 11.67 fatalities per MW between individual wind developments in the 

conterminous United States. Fatalities per turbine and per MW were the highest within 

the Eastern Atlantic region with regional mean estimates of 3.77 fatalities per turbine 

and 4.79 fatalities per MW based on three studies conducted within the region. Though 

estimates were highest in the Eastern Atlantic region and lowest in the Pacific 

Southwest region, when estimated values are extrapolated to the actual number of 

turbines and nameplate capacity by region, resulting extrapolations are lower in the 

eastern United States than in the Pacific Southwest due to a lower density of turbines at 

higher rated capacities. As mentioned earlier, the majority of avian species impacted by 

wind development appears to occur to nocturnal migrants, usually songbirds (Erickson 

et al. 2002).   

 Overall avian fatalities were examined per turbine and per MW against maximum 

turbine height (m) and rotor area swept (m²) synthesized from all studies. A simple 

linear regression model found significance between avian fatalities per turbine 

increasing with turbine maximum heights, figure 13 (p = 0.05, R² = 0.1865). About 

19% of the measured variation in fatalities per turbine was accounted for by the 

measured variation in maximum turbine height. However, fatalities per MW, though not 
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found to be significant, displayed a slight negative relationship with increases in wind 

turbine heights, figure 14 (p = 0.99, R² = 0.000008).   

Table 4. Summary of post-construction avian fatality monitoring results 
 
Site Est. fatalities per 

turbine 
Est. fatalities per 

MW 
Study 

Pacific Northwest 
Hopkins Ridge, WA 2.21 1.23 Young et al. 2006 
Nine Canyon, WA 3.59 2.80 Erickson et al. 2003 
Stateline, WA/OR 1.93 2.92 Erickson et al. 2004 
Biglow Canyon Phase I, OR 2.90 1.76 Jeffery et al. 2009 
Combine Hills, OR 2.56 2.56 Young et al. 2006 
Klondike Phase I, OR 1.42 0.90 Johnson et al. 2003 
Klondike Phase III, OR 5.87 3.30 Gritski et al. 2009 
Vansycle, OR 0.63 0.95 Erickson et al. 2000 
Regional mean 2.64 2.05  

Pacific Southwest 
Altamont Pass, CA 0.19 - Thelander et al. 2003 
Altamont Pass, CA 0.87 - CEC 2004 as cited in 

GAO 2005 
Diablo Winds, CA 1.4 2.1 WEST 2006 
High Winds, CA 2.45 1.36 Kerlinger et al. 2006 
Regional mean 1.23 1.73  

Rocky Mountain Region 
Judith Gap, MT 4.52 3.16 TRC 2008 
Foote Creek Rim I, WY 1.50 2.50 Young et al. 2003 
Foote Creek Rim II, WY 1.49 1.99 Young et al. 2003 
Regional mean 2.50 2.55  

Central Mid-west Plains 
Buffalo Ridge, MN 0.98 3.27 Johnson et al. 2002 
Buffalo Ridge II, MN 2.27 3.03 Johnson et al. 2002 
Buffalo Ridge III, MN 4.45 5.93 Johnson et al. 2002 
Top of Iowa , IA 1.29 1.44 Koford et al. 2004 
WPS/MGE, WI 1.3 1.97 Howe et al. 2002 
Regional mean 2.06 3.13  

Eastern Atlantic 
Mountaineer, WV 4.04   2.69 ¹ Kerns and Kerlinger 2004 
Searsburg, VT 0.00 0.00 Kerlinger 1997 
Buffalo Mountain, TN 7.28 11.67 Nicholson et al. 2005 
Regional mean 3.77 4.79  
OVERALL weighted mean 2.40 2.74   

¹ Estimate obtained by calculating fatalities/turbine by turbine nameplate capacity. 
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 Bird fatalities per turbine against the turbine rotor area swept (m²) indicated that 

per turbine fatalities increase as turbine heights increase, though relationship was not 

found to be significant, figure 15 (p = 0.55, R² = 0.02). Though there are several 

outliers within this data set and when examined on a per MW capacity, fatalities appear 

to decrease with increases in a turbine’s rotor area swept, figure 16 (p = 0.31, R² = 

0.005). While increasing turbine height showed a positive relationship with increased 

avian fatalities. However, when examined on per MW capacity to account for variations 

in turbine densities between study locations, the relationship became negative and 

indicated a decrease in fatalities with increases in maximum turbine height.   

 A number of studies have indicated an increase in nocturnal migrant fatalities 

associated with increases in turbine height (Erickson et al. 2002). The majority of these 

species impacted are songbird species protected under the Migratory Bird Treaty Act. 

More studies are needed to fully address turbine height impacts on avifauna 

interactions with wind developments.   
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Figure 13. Overall bird fatalities per turbine against maximum turbine height. 

 

 

Figure 14. Overall bird fatalities per MW against maximum turbine height. 
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Figure 15. Overall bird fatalities per turbine against rotor area swept. 
 

 

Figure 16. Overall bird fatalities per MW against rotor area swept. 

y = 0.000x + 2.093
R² = 0.02

0

1

2

3

4

5

6

0 1000 2000 3000 4000 5000 6000 7000

Fa
ta

lit
ie

s 
pe

r 
Tu

rb
in

e

Turbine Rotor Area m² 

y = -0.000x + 3.848
R² = 0.06

0

2

4

6

8

10

12

14

0 2000 4000 6000 8000

Fa
ta

lit
ie

s 
pe

r 
M

W

Turbine Rotor Area m²



49 

 Raptor fatalities within regional wind developments were primarily low 

throughout the United States with the exception of the Southwest region, which 

contains the APWF wind development. Table 5 details estimated annual mean raptor 

fatalities for each region. Regional mean raptor fatalities ranged from 0.0 to 0.37 per 

turbine, and between 0.0 and 0.56 per MW where study estimates were available. The 

Southwest regional mean fatality estimates ranged from 0.15 per turbine and 0.45 per 

MW. This region will most likely continue to see high fatality results due to the high 

density of older generation wind turbines.   

 Compared with overall avian fatalities, raptor fatalities are lower in overall impact 

throughout the United States. However, with many raptor species maintaining iconic 

symbolism for the United States, various species remain protected under law (GAO 

2005). There were no significant relationships between raptor fatalities per turbine and 

per MW against maximum turbine height and rotor area swept. When examining raptor 

fatalities per turbine and per MW against maximum turbine height and rotor area swept 

(m²), a similar pattern to overall avian species appeared. Fatalities per turbine 

increased with turbine heights, figure 17 (p = 0.38, R² = 0.039) and with increases in 

rotor area swept (m²), figure 18 (p = 0.21, R² = 0.082). However, when examined on 

a per MW capacity, analysis indicated that fatalities decrease with height, figure 19 (p = 

0.29, R² = 0.062) and with larger rotor-areas swept (m²), figure 20 (p = 0.30, R² = 

0.059). This inconsistency could be due to differences in turbine density between site 

locations.   
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 When examined on per MW capacity to account for variations in turbine densities 

between study locations, the relationship became negative and indicated a decrease in 

fatalities with increases in maximum turbine height. None of the raptor fatality 

regressions were found to be significant at the 95% confidence limit. Additionally, there 

were several outliers within the raptor data set, possible underestimating the 

relationship between variations in the linear models used within this thesis. These 

outliers influence this small data set and could underestimate the outcome of the 

regression model. Supplementary studies are needed to understand raptor fatality 

impacts per turbine and per MW against maximum turbine height and rotor area swept.   
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Table 5. Summary of post-construction raptor fatality monitoring results 
 
Site Est. fatalities 

per turbine 
Est. fatalities 

per MW 
Study 

Pacific Northwest 
Hopkins Ridge, WA 0.25 0.14 Young et al. 2006 
Nine Canyon, WA 0.07 0.05 Erickson et al. 2003 
Stateline, WA/OR 0.06 0.09 Erickson et al. 2004 
Biglow Canyon Phase I, OR 0.06 0.03 Jeffery et al. 2009 
Combine Hills, OR 0.00 0.00 Young et al. 2006 
Klondike Phase I, OR 0.00 0.00 Johnson et al. 2003 
Klondike Phase III, OR 0.11 0.06 Gritski et al. 2009 
Vansycle, OR 0.00 0.00 Erickson et al. 2000 
Regional mean 0.07 0.05  

Pacific Southwest 
Altamont Pass, CA 0.048 - Thelander 2000 
Altamont Pass, CA 0.240 - CEC 2004 as cited by GAO 2005 
Diablo Winds, CA 0.370 0.56 WEST 2006 
Techacapi, CA¹ 0.047 0.30 Anderson et al. 2004 
Montezuma Winds, CA² 0.048 0.50 Howell 1997 
Regional mean 0.15 0.45  

Rocky Mountain Region 
Judith Gap, MT 0.14 0.098 TRC 2008 
Foote Creek Rim I, WY 0.03 0.050 Young et al. 2003 
Foote Creek Rim II, WY 0.04 0.060 Young et al. 2003 
Regional mean 0.07 0.069  

Central Mid-west Plains 
Buffalo Ridge, MN 0.01 0.04 Johnson et al. 2002 
Buffalo Ridge II, MN 0.00 0.00 Johnson et al. 2002 
Buffalo Ridge III, MN 0.00 0.00 Johnson et al. 2002 
Top of Iowa , IA 0.01 0.01 Koford et al. 2004 
WPS/MGE, WI 0.00 0.00 Howe et al. 2002 
Regional mean 0.004 0.01  

Eastern Atlantic 
Searsburg, VT 0.00 0.00 Kerlinger 1997 
Mountaineer, WV 0.03 0.02 Kerns and Kerlinger 2004 
Buffalo Mountain, TN 0.00 0.00 Nicholson et al. 2005 
Regional mean 0.01 0.007  
Overall weighted mean 0.07 0.09  
 
¹ Not adjusted for biases in per turbine estimate  ² Estimates are not adjusted for biases 
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Figure 17. Raptor fatalities per turbine against maximum turbine height. 

 

 

Figure 18. Raptor fatalities per turbine against rotor area swept. 
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Figure 19. Raptor fatalities per MW against turbine height. 

 

 

Figure 20. Raptor fatalities per MW against rotor area swept. 
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  Synthesis of regional mean fatality estimates for bats species indicated that the 

Eastern Atlantic region currently houses the highest estimated collision-related fatalities 

per turbine and per MW, with 33 estimated mean bat fatalities per turbine and 27.9 

estimated mean fatalities per MW, table 6. Estimated regional bat fatalities decrease, 

from east to west, with lowest regional estimates in the Pacific Northwest and 

Southwest of the conterminous United States. While the Eastern Atlantic region does 

not contain multiple study locations, wind developments are smaller in density and 

infrequent compared to other regions with lower fatality rates. If this region expands its 

current wind infrastructure further, stronger potential bat population impacts could 

result.   

  Bat fatalities at wind energy developments are dominated by migratory species; 

currently there are no reports of endangered bat species fatalities (Arnett et al. 2008). 

Peak turbine collision-related fatalities occur late summer to fall, during nights with low 

wind speed, in relation to weather events and during peak migration activity (Johnson 

et al. 2004; Arnett et al. 2008). For example, bat fatalities in one study were highest 

during nights of low wind speed, and also before and after the passage of a storm front 

(Arnett et al. 2005). On nights with calm winds, bats may mistake turbines for roosting 

locations, especially if located near forested ridges, which could increase collision 

potential (Arnett et al. 2005).  However, Arnett et al. (2005) suggests that feathering of 

turbines on nights of low wind speeds could reduce fatality rates among migratory bat 

species. Most likely, the number of bats killed annually is greater than estimated, due to 

human errors and variations in monitoring methods (Smallwood 2008).    
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Table 6. Summary of post-construction bat fatality monitoring results 
 

Site Est. fatalities 
per turbine 

Est. fatalities 
per MW 

Study 

Pacific Northwest 
Hopkins Ridge, WA 1.13 0.63 Young et al. 2006 
Nine Canyon, WA 3.21 2.5 Erickson et al. 2003 
Stateline, WA/OR 1.12 1.7 Erickson et al. 2004 
Biglow Canyon Phase I, OR 3.29 1.99 Jeffery et al. 2009 
Combine Hill, OR 1.88 1.88 Young et al. 2006 
Klondike Phase I, OR 1.16 0.77 Johnson et al. 2003 
Klondike Phase III, OR 2.24 1.26 Gritski et al. 2009 
Vansycle, OR 0.74 1.10 Erickson et al. 2000 
Regional mean 1.85 1.48  

Pacific Southwest 
Altamont Pass, CA 0.004 - CEC 2004 as cited by GAO 2005 
High Winds, CA 3.630 2.02 Kerlinger and Curry 2006 
Regional mean 1.817 2.02  

Rocky Mountain Region 
Judith Gap, MT 13.4 9.38 ¹ TRC 2008 
Foote Creek Rim, WY 1.34 2.0 Young et al. 2003 
Regional mean 7.37 6.69  

Central Mid-west Plains 
Buffalo Ridge, MN 0.1 0.2 Johnson et al. 2003, 2004 
Buffalo Ridge II, MN 2.0 2.7 Johnson et al. 2003 
Buffalo Ridge III, MN 2.1 2.7 Johnson et al. 2004 
Top of Iowa , IA 1.88 - Koford et al. 2004 as cited in GAO 2005 
WPS/MGE, WI 4.26 6.5 Howe et al. 2002 
Regional mean 2.07 3.03  

Eastern Atlantic ² 
Mountaineer, WV 47.5 31.7 ¹ Kerns and Kerlinger 2004 
Mountaineer, WV 30.8 20.5 ¹ As cited in GAO 2005 
Meyersdale, PA 23.0 15.3¹ As cited in GAO 2005 
Buffalo Mountain, TN 20.8 31.5 Nicholson et al. 2005 
Regional mean 30.5 24.8  
OVERALL weighted mean 7.88 7.29  
¹ Estimates determined by calculating fatalities per turbine by turbine nameplate capacity. 
² This region’s studies for ranged from six-weeks to seven months during peak activity. 
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 As with avian and raptor species, bat fatalities per turbine also increased with 

turbine height, figure 21 (p = 0.08, R² = 0.162) and rotor area swept (m²), figure 22 

(p = 0.40, R² = 0.043), but both linear regression analysis were not found to be 

significant. Conversely, when fatalities per MW were examined against maximum 

turbine height, figure 23 (p = 0.26, R² = 0.08) and rotor area swept (m²), figure 24 (p 

= 0.84, R² = 0.003), again not statistically significant, fatalities appear to decrease with 

increases in wind turbines’ rotor areas swept.    

 

 

 

Figure 21. Bat fatalities per turbine against maximum turbine height. 
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Figure 22. Bat fatalities per turbine against rotor area swept. 

 

 

 

Figure 23. Bat fatalities per MW against maximum turbine height.  
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Figure 24. Bat fatalities per MW against rotor area swept.  
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2008). Extrapolated impact range limits estimated within this thesis could also be 

considered an underestimation of actual impacts, but should be examined to determine 

where additional mitigative techniques are needed to minimize wind energy’s estimated 

impacts on the surrounding avian and bat fauna.    

 Every wind farm is different, even if located within the same state; this is 

especially true with Texas wind farm developments. Each wind farm should undergo 

individual post-construction monitoring in order to assure that pre-construction 

observations are similar with post-construction results. Not every pre-construction study 

estimated potential impact values; therefore, pre-construction estimates would not 

reflect actual observed results, thus meriting the need for post-construction monitoring. 

However, if regulations do not mandate post-construction monitoring, then actual wind 

turbine collision-related fatalities will never fully be quantifiable.   

Estimating Regional Wind Turbine Collision-related Fatality Ranges 

 Wind energy’s environmental impact is relatively low compared to other sources 

that contribute to avian fatalities. In order to determine the impact of the United States 

wind-generated electricity on avian, raptor and bat species, extrapolations of estimated 

regional rates were calculated using methodologies described earlier to estimate 

regional and national mean ranges of avian, raptor and bat fatalities. Table 7 details the 

number of installed turbines and the total nameplate capacities for this thesis’ study 

groups, in addition to the total United States installed capacity and density. Figure 25 

illustrates the regional states used to determine estimated impact range limits from 

wind developments, based on each region’s current number of installed nameplate 



60 

capacity and wind turbines. Range limit extrapolations, table 8, detail the estimated 

total species’ impacts for overall avian, raptor and bat species in the conterminous 

United States based on calculated mean regional impact ranges based on current 

infrastructure inventory.   

 

 

Table 7. Current number of installed turbines and nameplate capacity¹ 
 
 
Region 
 

Total # turbines Current nameplate capacity 

Pacific Northwest 2,491 3,885 MW 
Pacific Southwest 12,836 3,080 MW 
Rocky Mountain region 2,425 3,319 MW 
Central Midwest Plains 9,150 10,323MW 
Eastern Atlantic² 1,574 2,619 MW 
Total Conterminous U.S.³ 36,208 35,089 MW 
¹ Regional and total conterminous U.S. installed turbines and nameplate capacity 
obtained from the American Wind Energy Association reflects data as of 3/1/2010.   
² Data for the Eastern Atlantic region contains few studies for such a large 
geographic region, and the Northern Atlantic and Eastern Central Atlantic region 
were combined within this study.   
³ The total installed turbines and nameplate capacity are include from all wind 
developments within the conterminous United States, including regions without post-
construction studies.   
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Figure 25. Wind regions of the conterminous United States.  
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Table 8. Wind energy-related estimated fatality impact ranges by region 
 
Region Avian Impact Ranges Raptor Impact Ranges Bat Impact Ranges 
Pacific Northwest¹ 6,575 – 7,965 175 – 195  4,600 – 5,750 
Pacific Southwest¹ 5,330 – 15,780 1,385 – 1,925 6,200 – 23,000 
Rocky Mountain Region¹ 6,060 – 8,460 170 – 230 17,800 – 22,200 
Central Midwest Plains¹ 18,850 – 32,310 37 – 103  18,900 – 31,200 
Eastern Atlantic¹ ³ 5,930 – 12,550 16 – 19  48,000 – 65,000 
Total Conterminous U.S.² 86,900 – 96,150 2,535 – 3,160 250,000 – 280,000 

¹ Estimated based on regional means, calculated by the current number of installed turbines and 
nameplate capacity for each region as of 3/31/2010 based on AWEA projects database. 
² Estimated based on regional weighted means calculated based on total conterminous United 
States installed turbines and nameplate capacity.     
³ This region combines the Northeastern Atlantic and Central Eastern Atlantic regions.  Fatality 
estimates for this region may be overestimated based on studies examined for this projection. 
By no means do estimated fatalities reflect the actual number of fatalities within each region, and in 
some cases impact range limits may be highly underestimated or overestimated due to few studies 
conducted. 
 

 Mean overall avian estimated fatality ranges appear to be the highest in the 

Central Midwest Plains region for overall avian species. Estimated impacted range limits 

for this region are higher, ranging from 18,850 to 32,210 for overall avian species 

based on current installed capacities and turbine density. This region also contains the 

largest volume of wind turbines and installed nameplate capacity, reflecting in the 

overall higher impact ranges. Lowest overall estimated avian fatality impact ranges 

were in the Pacific Northwest and Rocky Mountain regions, with an estimated 6,575 to 

7,965 in the Pacific Northwest and between 6,060 – 8,460 estimated fatality collisions in 

the Rocky Mountain region annually. As mentioned earlier, a large portion of these 

species are migratory songbird species protected under the Migratory Bird Treaty Act 

(16 U.S.C. § 703 – 712).   

 Estimated raptor fatalities ranges were the highest in the Southwest region, with 

estimated highest impacts ranging between 1,385 and 1,925 raptor species, and lowest 
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in the Eastern Atlantic region with estimates ranging between 16 and 19 fatalities 

annually. These values could be overestimated in the Pacific Southwest region, since 

most studies within that area focused primarily on estimating raptor fatalities. 

Conversely, overall avian and bat fatalities within the southwest could be 

underestimated, because studies focused on raptor fatality results. Whereas, these 

estimated raptor fatality impact ranges for the Eastern Atlantic could be underestimated 

due to studies in that region focusing primarily on bat fatality impacts.   

 Bat fatalities were found to be the lowest in the Pacific Northwest region, with 

estimated impact ranges between 4,600 to 5,750 annual collisions. Whereas bat 

fatalities were found to be highest in the eastern region of the country with estimated 

impact ranges between 48,000 to 65,000 collisions annually. This region contained 

fewer studies, all of which focused primarily on determining bat fatality estimates, and 

covers a wide-geographic area that is differentiated by varying topography, habitats, 

altered and unaltered landscapes, and a large migration corridor. The Eastern Atlantic 

regional estimates should be used with caution for the previously mentioned reason. 

Supplementary studies are needed to determine if estimated impacts are anomalous to 

conditions during those studied seasons, or if this would be a seasonal trend that could 

be mitigated with curtailments, feathering or seasonal shutdowns of wind 

developments.  

 As noted earlier in this paper, avian and bat species are affected in different 

ways from wind energy developments and not all wind farms are identical, even if they 

are located within the same region. Using regional estimates and national estimates as 
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true reflective values of wind turbine-related avian and bat fatalities can lead to over- or 

under-estimation of fatalities. Therefore, it is essential for multiple wind developments 

outside and inside Texas to examine these effects and estimate fatality rates within 

their site-locations. Additionally, examining wind turbine collision-related fatalities to 

other anthropogenic sources of avian fatalities will allow comparison of wind energy 

impacts relative to other man-made obstacles and energy sources in the United States. 

Examining Anthropogenic Sources of Avian Fatality in the United States 

Wind energy has documented environmental impacts associated with the 

production of wind-generated electricity, but compared with other energy sources and 

anthropogenic sources of avian collision, overall impacts appear relatively low. It is 

estimated that for every 10,000 anthropogenic-related bird deaths in the United States 

today, wind energy is responsible for less than one (Erickson et al. 2001; Manville 

2005). In 2006, The National Academy of Sciences estimated wind energy is 

responsible for less than 0.003% of (3 of every 100,000) bird deaths caused by 

anthropogenic (and feline) related activities (NAS 2007). Figure 26 details fatality 

estimates for major anthropogenic structures associated with bird collision-related 

fatalities and the number of fatalities per source per 10,000 fatalities (Erickson et al. 

2001; Manville 2005).   

Wind energy currently maintains the lowest levels of avian collision-related 

fatalities, based on calculations performed in Erickson et al. 2001. Since the initial 

estimates were made, auxiliary studies have been conducted at additional wind 

developments, providing for better estimates of national and regional collision-related 
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fatalities. Applying the estimates calculated from the synthesis of post-construction 

fatality estimates per turbine and per MW to methods used in Erickson et al. (2001) 

provides for an updated range limit for overall national avian fatalities estimates.  

 

Figure 26. Anthropogenic sources of avian collision-related fatalities (Adapted from  
  Erickson et al. 2001,2005, and Manville 2005). 
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study did not update other anthropogenic collision sources impact values, but with 

increasing wind developments in Texas, the number of associated transmission lines 

and sub-stations will also increase.   

 Erickson et al. (2001) calculated an average fatality rate of approximately 2.2 

birds per turbine per year based on available data, turbine density and nameplate 

capacity. Smallwood and Thelander (2004) updated estimates based on supplementary 

studies and calculated an average national fatality rate of 2.1 birds per MW per year, 

basing their estimates on the rated energy-output to account for differences in turbine 

sizes. This thesis estimated a national average of 2.4 avian fatalities per turbine and 

2.74 avian fatalities per MW. The median estimated range value of 91,525, obtained 

from the estimated impacted range limits for overall avian species, ranging between 

86,900 – 96,150 fatalities, reduced by 10,000, brought an estimated 0.009% or 9.2 

wind turbine collision-related fatalities per every 10,000 anthropogenic sources of avian 

collision fatalities. This thesis reflects that wind energy, when compared with other 

anthropogenic sources of collision-related avian fatalities, still maintains a relatively low 

impact towards overall avian species. However, cumulative effects can be seen with the 

increase in wind turbine density and distribution throughout the United States. 

Associated wind energy infrastructure, like necessary transmission lines, was not 

examined within this thesis. Again, estimates for raptor and bat fatality ranges were not 

included within this estimation due to no identified studies that compared collision-

related fatalities for these species groups.   



67 

 Wind energy’s environmental impacts are minimal in comparison to other energy 

sources. A preliminary assessment of energy sources (wind energy, fossil fuels and 

nuclear power) impacts on avifauna found that wind energy’s overall impacts are 

minute (0.269 fatalities per Giga-Watt Hour (GWh), compared to fossil fuel impacts 

(5.19 fatalities per GWh) (Sovacool 2009). That study estimated that avian fatalities 

resulting from wind developments were less than 10,000, nuclear energy contributed to 

over 300,000 avian fatalities and fossil fuels posed over ten million potential annual 

impacted avian fatalities (Sovacool 2009). Wind energy estimates within Sovacool’s 

study were based on six wind developments’ post-construction studies. Though not 

estimated within this study, range limits for overall avian species calculated within this 

study would still reflect lower avifauna impact values if extrapolated to per GWh unit. 

While these estimates are rudimentary, as acknowledged by the author, the rough 

estimates still indicate that wind energy production is benign compared to other major 

energy sources. However, additional studies are needed to fully quantify stronger avian 

impact range values from energy sources and from man-made structures.   
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EXAMINING RISK TO AVIAN AND BAT SPECIES IN TEXAS 

Examining risk to avian and bat species from potential wind development 

interaction in Texas must first be conducted through broad-scale analysis, as with this 

thesis study, in order to determine which protected species are at higher risk within the 

state. Once a general site location is selected for commercial development, detailed 

pre-construction surveying and micro-siting analysis should be conducted to assure that 

protected species, known to reside locally within the wind resource area, will be 

minimally impacted. Examination of protected species and species of concern, observed 

or known to reside in Texas counties, indicated that high risk potential for wind 

development interaction could occur based on the potential hazard index (PHI) model 

value for several species examined within this thesis. The following information details 

brief species-specific information regarding habitat attractions, range distribution and 

the calculated PHI values for 31 birds and 10 bat species in Texas.   

Threatened, Endangered and Rare Species of Birds and Bats in Texas 

 According to the Texas Parks and Wildlife Department, there are 31 species of 

birds and 10 species of bats considered to be rare, threatened, endangered or species 

of concern that reside or migrate through the state annually (TPWD 2009). Species 

examined within this thesis are listed as either federally protected under the 

Endangered Species Act (7 U.S.C. § 136, 16 U.S.C. § 1531) and/or the Migratory Bird 

Treaty Act (16 U.S.C. § 703 – 712), or as species of concern. The following information 

pertains to the individual species of birds and bats examined within this thesis.   
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 Texas houses seasonally and annually five species of waterbirds that are listed as 

threatened or endangered on either the state or national level. These species include 

Pelecanus occidentalis, Egretta rufescens, Plegadis chihi, Grus americana and Mycteria 

americana, all of which reside along the Texas Gulf Coast and elsewhere within the 

state during migratory events (TPWD 2009). Pelecanus occidentalis, also known as the 

brown pelican, is the smallest of all the pelican species (Alsup 2002). Within Texas, the 

brown pelican can be found primarily along the Texas Gulf Coast within the coastal 

marine environments, specifically near the shore areas (Alsup 2002, TPWD 2008). The 

potential for expected offshore wind energy production could affect the pelagic manner 

of this bird, due to range limits largely within coastal and near-shore areas (TPWD 

2008).   

Egretta rufescens, also known as the reddish egret, is listed as threatened within 

the state (USFWS 2009). This water bird is a resident of the Texas Gulf Coast, found 

nesting on the ground, within trees or bushes along the dry coastal inlands (TPWD 

2007). Plegadis chihi, or the white-faced ibis, is also listed as threatened within the 

state of Texas (USFWS 2009). This water bird prefers freshwater marshes and saltwater 

habitats, and can be found nesting in trees and on the ground within the brush along 

the Texas Gulf Coast (TPWD 2007). The whooping crane, Grus americana, is listed as 

endangered both federally and within the state of Texas (USFWS 2009). This species 

can be found in the Panhandle region of Texas, migrating towards the gulf coastal 

marshes (TPWD 2009). The wood stork, Mycteria Americana, listed as threatened 

within Texas, can be found throughout the eastern and southern coastal regions of the 
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state (TPWD 2005). All of the water birds considered to be rare, threatened or 

endangered could incur future increases in potential wind development interaction, 

once offshore and near-shore developments grow in anticipated capacity.   

 In Texas, there are 11 species of raptors that are listed as rare, threatened, 

endangered or species of concern at the national or the state level (USFW 2009). These 

raptors species include Haliaeetus leucocephalus, Buteogallus anthracinus, Buteo 

regalis, Asturina nitida, Elanoides forficatus, Buteo albicaudatus, Buteo albonotatus, 

Falco femoralis septentrionalis, Falco peregrinus anatum, Glaucidium brasilianum 

cactorum and Strix occidentalis lucida as either year-round or migratory residents within 

the state (USFW 2009). The well-known bald eagle, Haliaeetus leucocephalus, now 

federally listed as threatened and delisted taxon in recovery can be found within the 

panhandle, central, eastern and coastal regions of Texas (USFWS 2009, TPWD 2007). 

Within Texas, the bald eagle can be found hunting and scavenging primarily near major 

water bodies and nesting within tall trees or along cliffs near a water source (TPWD 

2007). Conversely, the ferruginous hawk, Buteo regalis, considered to be a species of 

concern, is a winter resident in the western portion of Texas (TPWD 2005). This species 

of hawk can be found nesting in tall trees, cliffs, hillsides, river-cut banks and power 

line towers at heights of 6 to 50 feet above ground (Alsop 2002, TPWD 2005).   

The southern and western regions of the state house several species of raptors 

that can be found in a variety of ecological settings, from riparian woodlands to 

semiarid grasslands (TPWD 2009). For example, the common black hawk, Buteogallus 

anthracinus, can be found within the western Big Bend region and within the southern 
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border counties of the state, near a major water body (TPWD 2005). Four of these 

species are considered to be threatened within Texas (TPWD 2009). These species 

include the gray hawk, the zone tailed hawk, the cactus ferruginous pygmy-owl and the 

Mexican spotted owl, all considered threatened additionally at the national level. 

Additionally, Texas houses one endangered species, the northern aplomado falcon, 

within the southern and western portions of the state during this species’ breeding 

period (TPWD 2009). These southern and western, resident and migratory birds of 

Texas have the potential to breed or winter in areas that contain or are likely to see 

future wind developments, possibly increases interaction potential. 

The swallow-tailed kite, Elanoides forficatus, is found within the eastern regions 

of the state. This threatened species can be found nesting within tall trees within 

lowland forested areas, swamps, open woodlands, marshes, and along rivers, lakes, 

and ponds (TPWD 2005). Conversely, the white tailed hawk, Buteo albicaudatus, also 

listed as threatened within the state, can be found temporally within the southeastern 

coastal region among the differing vegetation inland and along the coastline (TPWD 

2007). However, the American peregrine falcon, Falco peregrinus anatum, also known 

as the peregrine falcon, Falco peregrinus, is a year-round resident in Texas. The raptor 

is considered a delisted taxon in recovery at the federal level, but is considered 

threatened within Texas. This species is usually seen during the winter season within 

the southern and eastern regions of the state, but can be seen throughout the state 

during migratory events to its breeding ground within the northern United States and 

Canada (TPWD 2009).   
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Texas is home to two species of upland birds, Tympanuchus cupido attwateri 

and Tympanuchus pallidicinctus, which are potentially at high risk in regards to wind 

energy development (Manville 2004). Attwater’s greater prairie chicken, Tympanuchus 

cupido attwateri, is listed federally as an endangered species of critical concern (TPWD 

2007, TPWD 2009). The greater prairie chicken can be found inland along the Texas 

Gulf Coastal region (TPWD 2007). The lesser prairie chicken, Tympanuchus 

pallidicinctus is listed as a species of concern and in need of conservation within Texas 

and Oklahoma (Manville 2004, TPWD 2007 and 2009). This species can be found in arid 

grasslands, generally interspersed within the native shrubbery and nests in a landscape 

lined with grasses (TPWD 2007). These two species of birds are not affected by wind 

turbine collision potential, but rather impacted by habitat fragmentation and avoid 

anthropogenic habitat alterations of natural landscapes, thus slowly losing their 

undisturbed range limits (TPWD 2007 and 2009).   

 There are four species of shorebirds and one woodpecker listed as either 

threatened or endangered within Texas. These avian species include Numenius borealis, 

Sterna antillarum athalassos, Charadrius melodus, Sterna fuscata and Picoides borealis. 

The Eskimo curlew, Numenius borealis, considered most likely extinct but included 

within this study, was last observed decades ago within the southernmost portions of 

the state (TPWD 2009). The interior least tern, Sterna antillarum athalassos, a 

subspecies of Sterna antillarum, is found inland from the gulf coastal areas near major 

water sources and possibly nesting within man-made structures (TPWD 2009). The 

piping plover, Charadrius melodus, is listed as a threatened species and can be found 
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within the eastern and southeastern coastal regions of the state, with one county in the 

Panhandle region also observing this species (TPWD 2007). The sooty tern, Sterna 

fuscata, is listed as threatened within Texas and can be sighted along the southeastern 

coastal region of the state (TPWD 2005). The red-cockaded woodpecker, Picoides 

borealis, is listed as endangered both federally and within the state of Texas and can be 

located within the eastern regions of the state (TPWD 2005). Expected future offshore 

and near-shore wind energy production could increase interaction potential for these 

species due to the appeal of future Gulf Coast offshore wind developments. This thesis 

does not account for potential interaction of protected species or species of concern 

with offshore Texas wind developments.   

 Texas houses eight seasonal or annual species’ of songbirds that are listed as 

rare, threatened or endangered on either the national level or state level. These 

songbirds include Camptostoma imberbe, Empidonax traillii extimus, Pachyramphus 

aglaiae, Vireo atricapilla, Dendroica chrysoparia, Parula Parula pitiayumi, Aimophila 

aestivalis and Aimophila botterii texana (TPWD 2009). The northern beardless-

tyrannulet, Camptostoma imberbe, the rose-throated becard, Pachyramphus aglaiae, 

the Texas botteri sparrow, Aimophila botterii texana, and the tropical parula, Parula 

Parula pitiayumi, are all listed as threatened species within the state of Texas. These 

species can be found within the southernmost regions of the state within a variety of 

woodland, grassland and short-grass plains habitats (TPWD 2005, 2007).   

The southwestern willow flycatcher, Empidonax traillii extimus, listed federally 

and within the state as endangered, can be found within the westernmost regions of 
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Texas (TPWD 2005). Conversely, bachman’s sparrow, Aimophila aestivalis, can be 

found in the easternmost, piney woods region of the state. Finally the black-capped 

vireo, Vireo atricapilla, and the golden-cheeked warbler, Dendroica chrysoparia, can be 

sighted within the central region of the state. The golden-cheeked warbler is considered 

one of the rarest songbirds in North America, and is both listed federally and within the 

state of Texas as endangered (Alsop 2002, TPWD 2005). This species is vulnerable to 

habitat changes, and depends on the juniper-oak woodlands to supply their nesting 

materials and habitat for breeding (Alsop 2002). Most songbirds are considered 

migratory birds, which are protected under law and pose some threat from interaction 

and collision with anthropogenic sources.   

Avifauna tends to migrate in similar patterns or topographic pathways annually 

from the species wintering grounds to their breeding grounds. Figure 27 details the 

major migrations’ flyways within North America. Texas appears to be a filtering location 

for the central and Mississippi flyways. Variations to migration occur between individual 

species, and this map cannot be definitive in overall migration pathways. However, 

since Texas onshore and offshore wind developments overlap with this large migration 

pathway, interaction potential with wind developments increases. However, due to the 

large number of species examined within this thesis study and the lack of species-

specific migration data, individual species migratory pathways were not examined. 
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Figure 27. Major migration flyways in North America (USFWS). 

  

 There are ten species of bats that reside temporally or annually within the state 

of Texas. These species include Nyctinomops macrotis, Myotis velifer, Mormoops 

megalophylla, Leptonycteris nivalis, Choeronycteris mexicana, Corynorhinus townsendii 

pallescens, Corynorhinus rafinesquii, Lasiurus ega, Euderma maculatum and Myotis 

ciliolabrum (TPWD 2009). The big free-tailed bat, Nyctinomops macrotis, can be found 

within portions of western Texas (TPWD 2006). This species of concern prefers to roost 

in crevices and cracks within high locations such as canyon walls and buildings (TPWD 

2006). The cave myotis bat, Myotis velifer, also a species of concern, can be found in 

colonies of thousands within cave-dwellings, rock crevices, and under bridges 
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throughout portions of central, southern and west Texas (TPWD 2006). This 

opportunistic insectivore is known to hibernate in the limestone caves of the Edwards 

Plateau and the Satin-spar gypsum caves of the Panhandle during the winter seasons; 

all of these areas are known to be optimal for Texas wind energy production (TPWD 

2006, NREL 2006). The ghost-faced bat, Mormoops megalophylla, can be found 

roosting in caves, crevices, buildings and abandoned mines along the western and 

southwestern portions of the state (TPWD 2006). All three of these species of bats are 

known to reside within or near counties already generating wind energy (AWEA 2010).   

The Mexican long-nosed bat, Leptonycteris nivalis, is listed as endangered both 

federally and within the state of Texas (TPWD 2009). This nectivorous cave-dwelling 

species is found in colonies within the Big Bend region of western Texas (TPWD 2009). 

The Mexican long-tongued bat, Choeronycteris mexicana, can be found in deep 

canyons, caves, old mines and buildings in the far southern portion of Texas (TPWD 

2006). The pale townsend’s big-eared bat, Corynorhinus townsendii pallescens, can be 

found within the Panhandle and western portions of the Texas (TPWD 2006). This 

opportunistic insectivore species of concern roosts in caves, old mines, and buildings as 

large colonies in the winter, while solitary roosts and maternity colonies form during the 

breeding season from May to June (TPWD 2006). Rafinesque’s big-eared bat, 

Corynorhinus rafinesquii, is listed as threatened within the state of Texas (TPWD 2006). 

This species of bat can be found in portions of eastern Texas roosting in the cavities of 

trees and abandoned man-made structures (TPWD 2006). Though these four species 

are located in different regions of the state, the potential impacts from wind energy 
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could hinder overall population numbers, pending their known range limits intersect 

with wind energy developments.  

The southern yellow bat, Lasiurus ega, is listed as threatened within the state of 

Texas (TPWD 2006). This insectivorous species of bat, located within the southern-most 

portions of the state, can be found roosting during the day in trees, such as Sabal 

mexicana (TPWD 2006). Though the southern yellow bat is only found within a few 

Texas counties, its proximity to potential offshore winds could pose an issue if this 

species were to migrate or forage offshore. The spotted bat, Euderma maculatum, is 

also listed as threatened within the state of Texas, and can be found within the Big 

Bend region (TPWD 2005). The western small-footed bat, Myotis ciliolabrum, can be 

found anywhere from the mountainous regions of the Trans-Pecos to grassland and 

desert habitats within the state within the western and panhandle regions (TPWD 

2006). This insectivorous bat can be found roosting within places such as caves, trees, 

buildings, and abandoned structures (TPWD 2006). The southern yellow bat, the 

spotted bat and the western small-footed bat are all considered to be species of 

concern or threatened within the state.   

 Some bat species could maintain a higher risk due to the likelihood of 

development occurring within their range limits. Information pertaining to individual 

species known or observed range limits was obtained from the Texas Parks and Wildlife 

rare species database.  Within the appendix section of this paper, each avian and bat 

species examined has an associated known or observed range limits map. In order to 

structure a rating scale for potential wind turbine collision-related threats to rare, 
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threatened, endangered and concerned species of birds and bats, a PHI value was 

calculated for each avian (n = 31) and bat species (n = 10), based on methodologies 

described earlier. Because wind speeds are heterogeneous and receive major fluxes due 

to weather changes, temporal mean wind class speeds were used to determine 

seasonal PHI values for these avian and bat species to examine differences in season 

risk.   

Results and Analysis of Avian PHI Calculations 

 Avifauna and bat species’ risk for potential wind development interaction 

examined in this thesis was established on the potential for a species encountering a 

wind development during the species residence or migration within the state, based on 

wind class speeds and known species range limits. Table 9 details the results of annual 

and temporal PHI values calculated using the PHI model. When examining the annual 

PHI values, only one species, the lesser prairie chicken, was found to be at high risk 

based on this PHI model. Results from this table indicated that temporal variation in 

wind speeds based on the observed or known range limits for species examined within 

this study were highest during the spring season, with almost half of the species 

reflecting a high, at risk (>3) PHI value.   

 The total species’ calculated mean PHI for the spring temporal season (spring 

PHI = 2.99) was the highest recorded total species PHI value compared to any other 

season. This is because wind speeds are highest during the spring and migrating 

species during this season may see increased potential wind development interaction 

due to economically beneficial wind speeds for wind developments within the state.   
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 Figure 28 details which species were found to be at high risk according to the 

spring PHI values calculated with the model. Of the eleven raptor species examined, 

nine of them were found to be at high risk for wind development interaction during the 

spring season. Of these nine at risk raptors, eight of the species are found within the 

Table 9. Calculated PHI values for Texas rare, threatened and endangered avifauna 
 
Species name Annual PHI Winter PHI Spring PHI Summer PHI Fall PHI 

Peregrine Falcon 2.25 2.46 3.07 1.68 1.63 
Brown Pelican 2.25 2.82 3.27 2.07 1.63 
Bachman’s Sparrow 1.08 1.63 1.41 1.00 1.00 
Bald Eagle 2.33 2.56 3.12 1.74 1.83 
Black-capped Vireo 2.05 2.13 2.70 1.06 1.23 
Cactus Ferrunginous Pigmy Owl 2.20 2.40 3.23 2.27 1.23 
Common Black Hawk 2.24 2.55 3.32 1.65 1.33 
Eskimo Curlew 2.36 2.83 3.24 1.94 1.65 
Ferrunginous Hawk 2.77 2.82 3.77 2.11 2.05 
Golden-cheeked Warbler 1.94 2.27 2.46 1.05 1.29 
Gray Hawk 2.17 2.61 3.40 1.52 1.20 
Greater Prairie Chicken 1.85 2.20 2.84 1.58 1.35 
Interior Least Tern 2.07 2.33 2.87 1.50 1.47 
Lesser Prairie Chicken 3.50 3.39 4.50 3.23 3.06 
Mexican Spotted Owl 2.20 3.31 3.75 1.69 1.61 
Northern Aplomado Falcon 2.23 2.83 3.47 1.63 1.39 
Northern Beardless-tyrannulet 2.24 2.47 3.28 2.29 1.26 
Piping Plover 1.53 2.04 2.06 1.33 1.29 
Red-cockaded Woodpecker 1.00 1.69 1.29 1.00 1.00 
Reddish Egret 2.19 2.42 3.20 1.68 1.37 
Rose-throated Becard 2.29 2.51 3.32 2.25 1.25 
Sooty Tern 2.51 2.97 3.45 2.33 1.70 
Southwestern Willow Flycatcher 2.22 3.21 3.66 1.57 1.49 
Swallowed-tailed Kite 1.03 1.62 1.40 1.00 1.07 
Texas Botteri’s Sparrow 2.23 2.48 3.28 2.20 1.21 
Tropical Parula 2.29 2.51 3.32 2.25 1.25 
White tailed Hawk 2.09 2.47 3.05 1.87 1.33 
White-faced Ibis 1.88 2.37 2.68 1.53 1.36 
Whooping Crane 2.47 2.69 3.29 1.83 1.88 
Wood Stork 1.60 2.07 2.26 1.37 1.18 
Zone-tailed Hawk 2.06 2.25 2.85 1.31 1.17 

 MEAN 2.10 2.49 2.99 1.73 1.44 
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state during the spring season. The following information pertains to the at-risk species 

of raptor identified within this study for potential wind development interaction.   

 

 

Figure 28. Spring raptor PHI values. 

 

 The bald eagle can be found year-round within the state, with the spring and fall 

periods coinciding with peak migration for this species (TPWD 2009). Spring migration 

includes juvenile eagles hatched months earlier and with this season indicating high risk 

for this species (PHI = 3.12) wind development could pose risk during these migration 

events. Additionally, the ferruginous hawk can be found throughout Texas during the 

winter season, but breeds within the northwestern panhandle region of the state during 
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the spring season (TPWD 2009). The common black hawk can be found within the 

westernmost portions of the state during the spring and summer seasons, with some 

breeding pairs remaining year-round residents (Alsop 2002). The gray hawk is a causal 

to rare occupant within the southernmost counties of the state, with some breeding 

pairs remaining year-round residents (Alsop 2002; Kennedy 2007). The Mexican spotted 

owl can be found attending to their young during the spring season in Texas (TPWD 

2009). The rare northern aplomado falcon, if observed, would be located within the 

western and southern portions of the state; however this species is likely in Mexico 

during the spring season. The white-tailed hawk, the cactus ferruginous pigmy owl and 

the peregrine falcon are all year-round residents of the state (Alsop 2002) and based on 

the spring PHI model, species interaction with current and potential future wind 

developments is at high risk for occurrence.   

 Calculated spring PHI values for shorebirds, upland birds and a woodpecker 

indicated that two shorebirds, the Eskimo curlew and the sooty tern, in addition to one 

upland bird, the lesser prairie chicken, are at high risk for wind development interaction 

during the spring season based on the PHI model. Of these species found to be at high 

risk, only the lesser prairie chicken can be observed during this season, figure 29. This 

species is non-migratory and a small population can be found within the northern 

panhandle region of the state year round (Alsop 2002). Though the lesser prairie 

chicken was found to be at high risk annually based on the model, temporal validation 

reinforced this species risk through seasonal changes in wind speeds and the wind 

appeal for commercial wind development. The Eskimo curlew was found to be at high 
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risk from wind development interaction based on the model, but this species is 

considered most-likely extinct and siting of the species has not been recorded within 

several decades (Alsop 2002). The sooty tern would most-likely interact with offshore 

wind developments within the Texas Gulf Coast, but interaction is possible during spring 

and summer seasons when this species could be present within the onshore 

developments near along the Texas Gulf Coast.   

 

Figure 29. Shorebirds, upland birds and a woodpecker’s spring PHI values.  

  

 An examination of Texas songbird species spring PHI values indicated that five of 

the eight species of rare, endangered or threatened songbirds are at high risk of wind 

development interaction, figure 30. All of these five songbird species have been 

observed within the state during the spring season and therefore have the potential for 
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wind development interaction. The northern beardless tyrannulet is one of the high risk 

songbird species that is uncommonly found within the southern-most counties of the 

state (Alsop 2002). Additionally, the rose throated becard is rarely sighted within the 

most southern portions of the state and due to infrequent, roughly bi-annual visitation 

would probably result in minimal to no interaction with wind development within the 

state (Alsop 2002). The southwestern willow flycatcher can be found within the state 

during the spring and summer months where the species breeds and nests their young 

(USFWS 2010).   

 The Texas botteri sparrow can be found within the southernmost counties of the 

state year-round, but due to declining loss of habitat this species is uncommonly seen 

within the state (Alsop 2002). Lastly the tropical parula is a rare to causal non-

migratory occupant within the southernmost counties of the state and interaction with 

onshore wind developments would be minimal to none (Alsop 2002). As noted earlier, 

passerines, songbird species, have the highest documented wind turbine collision-

related fatalities compared to any other generalized avian species group due to 

nocturnal migration and flight characteristics encountering the taller, newer wind 

turbine technology.   
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Figure 30. Songbird’s spring PHI values.  

 Spring temporal PHI values for water birds found in Texas indicated that three of 

the five species of water birds are at high risk for potential wind development 

interaction in the state, figure 31. The brown pelican is a fairly common along the 

Texas Gulf Coast, but during the spring season this species generally follows a northern 

path along the coastal corridor (Alsop 2002; Kennedy 2007). The reddish egret is a rare 

to uncommon year-round resident of along the Texas Gulf Coast region, yet can be 

found inland where, based on the PHI model, interaction could potentially occur with 

wind developments (Alsop 2002; Kennedy 2007). The whooping crane is a winter 
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resident in Texas and migrates towards the northern portion of the country and into 

Canada (Kennedy 2007).   

 

 

Figure 31. Water birds spring PHI values.  

  

 Calculated winter PHI values contained the second highest total species mean 

PHI value (2.99), with three species exceeding the defined high risk value, and one 

species just below the high-risk limits. These species include the lesser prairie chicken, 
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development location and the species present within the development, the time of year 

(not all species remain in one location year-round), and resources available to avifauna, 

potential risk to species will vary with the wind resource.  Where species were found to 

be at high risk based on temporal wind speeds and known occupation during those 

seasons, micro-siting evaluation of a current or potential wind development and post-

construction monitoring would validate the risk indices determined within the PHI 

model.   

 Macro-scale evaluation identified higher risk species in Texas based on species 

annual and temporal PHI values. The avifauna determined to be a greatest risk within 

this study was the lesser prairie chicken. This species is currently under observation 

within the Panhandle portion of the state and has potential for wind development 

impacts, not through collision potential, rather through habitat displacement and 

fragmentation, and through avoidance behavior of these anthropogenic structures 

(USFWS 2003). Numerous other factors may play a role in the decline of this species, 

such as other anthropogenic alteration of natural landscapes, climate changes, drought, 

severe weather and predation (USFWS 2003). Where the lesser prairie chicken’s 

calculated annual PHI value = 3.50, the greater prairie chicken, located inland from the 

Texas Gulf Coast, was found to have a PHI value = 1.85. These two species are very 

similar, with only color variations to tell them apart, with the exception of range 

locations. Both species of prairie chicken experience habitat fragmentation from 

anthropogenic alteration of their native habitats, in addition to the other previously 

mentioned variables, that could impact overall species populations. The only method to 
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evaluate this thesis’ PHI model would be to examine pre- and post-construction 

monitoring for both of these non-migratory species to establish merit to this potential 

hazard index model. Wind energy can cause additional habitat fragmentation when 

developments occur in unaltered habitats surrounding locations known to house leks, or 

colonies of breeding prairie chickens.   

 Species like the whooping crane, whose PHI value falls below the higher-risk 

limits of this thesis, may not accurately reflect the actual risk for this species. The 

whooping crane is believed to avoid stopover locations that contain any anthropogenic 

structures, resulting in further land fragmentation when unaltered land is adapted to 

wind energy development needs (Stehn and Wassenich 2008). Currently, collisions with 

power lines are the greatest known source of mortality for fledged whooping cranes 

and have accounted for the death or serious injury of 46 whooping cranes since 1956 

(Stehn and Wassenich 2008). If Texas wind developments coincide with migratory 

boundaries, habitat fragmentation and species avoidance would increase collision 

potential with further expansion of wind energy infrastructure.   

 Another example of species susceptibility for wetland birds, like terns, is that 

presence of wind developments within known range limits were found to not deter 

species from entering the area (Everaert et al. 2006). A study conducted by Everaert 

and Steinen, on a wind development located within a coastal wetland area, found that 

species of terns had a mean annual collision rates averaging 6.7 birds per turbine over 

a 2-year period. While the sooty tern and the interior least tern both had estimated PHI 

values less than the designated high risk value of 3.0, their potential for wind 
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development interaction exists. The sooty tern (PHI = 2.51) is found along the gulf 

coastal region of the state, and with expected offshore wind developments, the value 

calculated with this thesis model could heavily underestimate potential impacts towards 

this species. The interior least tern (PHI = 2.07) can be found throughout Texas, within 

various portions of the state that already maintain commercial wind developments. 

Where species that were not found to be at risk based on the PHI model used in this 

thesis, underestimation of actual risk could incur due to species encompassing various 

wind class speeds. Validation of this PHI model risk indices is necessary and would be 

addressed through post-construction monitoring of Texas wind developments.     

Results and Analysis of Bat PHI Calculations 

Annual mean PHI values for rare, threatened and endangered bat species in 

Texas did not indicate that any of the bat species examined within this study to be at 

high risk for wind development interaction based on the model. None of the bat species 

PHI values exceeded the pre-set high risk value of 3.0 assigned at the beginning of this 

study. The bat species at greatest risk based on their annual mean PHI value was the 

western small-footed bat, whose mean PHI value (2.92) came closest to the pre-

defined high risk value within this study. Table 10 represents the results for the bat PHI 

calculations for species examined within this study.   
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However, when conducting the temporal spatial analysis, several species 

surpassed or came very close to the pre-defined high risk value. Of the ten species of 

rare, threatened or endangered bats examined within this thesis study, nine of them 

are considered to be at high risk during the spring season for wind development 

interaction. Figure 32 details which bat species were found to be at high risk according 

to the spring PHI values calculated with the model.   

Of these nine species of bats found to be at risk for interaction with wind 

developments, only one of them, the Mexican long-nosed bat, is not present within the 

state during the spring season. The ghost-faced bat, the pale townsend big-eared bat, 

the western small-footed bat and the southern yellow bat can be found distributed 

seasonally throughout their known Texas range limits, thereby increasing wind 

development interaction potential (TPWD 2009). The cave myotis can be found in Texas 

during the summer seasons, yet migration may occur during the spring season (TPWD 

2009). The spotted bat is uncommon to Texas, but has been observed within the Big 

Table 10.  Calculated PHI values for Texas rare, threatened and endangered bats 
 

Species name Annual PHI Winter PHI Spring PHI Summer PHI Fall PHI 
Big Free tailed bat 2.70 2.94 3.86 2.09 1.83 

Cave myotis 2.35 2.50 3.21 1.73 1.64 
Ghost faced bat 2.08 2.38 3.00 1.60 1.26 

Mexican long-nosed bat 2.44 3.38 3.78 1.50 1.32 
Mexican long-tongued bat 2.15 2.27 3.12 2.14 1.12 

Pale townsend bat 2.74 2.80 3.73 2.10 2.02 
Rafinesque’s big eared bat 1.00 1.53 1.28 1.00 1.01 

Southern yellow bat 2.36 2.71 3.41 2.30 1.34 
Spotted bat 2.29 2.98 3.42 1.26 1.20 

Western small footed bat 2.74 3.30 4.05 2.21 2.12 
SPECIES MEAN 2.29 2.68 3.29 1.79 1.49 
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Bend National Park (TPWD 2009). Wind development interaction for the spotted bat 

would in all probability be minimal, yet additional information on this species and all 

other bat species examined in this thesis ranges limits in Texas relative to wind 

developments merits further exploration not examined within this study. More 

information is needed, but population impacts could be occurring due to habitat loss, 

pesticides and diseases that could be further exacerbated by increased wind 

developments and interaction potential within these species known range limits. 

 

 

Figure 32. Spring PHI values for bat species in Texas. 
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Winter PHI calculations resulted in two species, the big free-tailed bat (winter 

PHI = 2.94) and the spotted bat (winter PHI = 2.94), nearly at the defined high risk 

value. Two species, the Mexican long-nosed bat (winter PHI = 3.38) and the western 

small-footed bat (winter PHI = 3.30), exceeded the associated high risk value of 3.0 for 

wind development interaction. Though temporally these species may seem to be at a 

greater risk from wind developments, this is not always the case. The majority of the 

bat species examined within this study are located in either the western or southern 

portions of the state. Western species are already located within prime wind real-estate, 

and therefore would maintain a higher potential for wind development interaction. 

Temporal PHI values appeared to be the lowest in the fall and summer seasons, when 

bat migration appears to be at its highest. Because wind speeds are lowest during these 

seasons, seasonal shut down, or feathering of wind turbines by placing them parallel to 

wind direction during this time frame could reduce potential collision-related fatalities. 

Though this may not seem economically feasible to wind developers, who maintain that 

even small periods of turbine shut-down reduce revenue sources, it is provides a 

mitigative tool to reduce impacts. Penalty fines associated with the accidental taking of 

protected species could outweigh potential losses from shut-down, though currently no 

fines have been implemented within the United States (GAO 2005; USFWS).   

 This thesis is strictly concerned about Texas onshore wind energy production and 

associated threats to wildlife. Texas wind developments, based on mean annual and 

temporal wind speeds, currently pose the greatest potential risk within the 

northwestern, western, south central regions of the state. Areas along the Texas Gulf 
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Coast, though individual species may reflect lower PHI values, may actually contain a 

higher risk for endangered species, in addition to other non-protected waterbirds and 

migrant species. Possible cumulative effects on individual populations are becoming a 

concern as the future of Texas offshore wind developments are promising.   

 While certain avifauna and bat species indicated a greater potential for wind 

development interaction based on their PHI value, the associated model values cannot 

be used as a definitive measure for estimating or predicting which species will 

encounter increased wind development impacts. The reason is wind turbines do not 

choose their victims, rather a number of variables come into play that may or may not 

redirect a species to maintain similar range limits and migration pathways. For example, 

species that may occupy the same county as another species, do not necessarily share 

the same probability of occurrence or interaction with a wind turbine. Some species are 

migrants or wintering residents only, and encountering wind developments within Texas 

may not be as frequent, especially if curtailment, feathering or seasonal shutdowns 

occur at wind developments. To validate this thesis’ PHI model, post-construction 

monitoring would have to occur in order to evaluate whether potential estimated risk 

reflects observed wind turbine collision-related fatalities for higher risk species in Texas. 

Until this is done, this model will aid in determining macro-scale evaluation of wildlife 

risks from Texas wind developments.    
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IMPLICATIONS AND RECOMMENDATIONS FOR TEXAS 

 This thesis study evaluated potential implications for rare, threatened and 

endangered species of birds and bats in Texas, relative to their range limits and 

potential for wind energy development interaction within the state. Pre-construction 

surveying reports outside of Texas provided background resources for high-risk habitat 

features that were later buffered within the PHI calculations of Texas species. Post-

construction monitoring allowed estimation and extrapolation of generalized impacted 

species range limits based on fatalities per turbine and per MW from installed wind 

developments and the current installed nameplate capacity. Finally, using buffered 

variables established from broad-spectrum analysis of high risk habitats features within 

Texas, estimation founded on potential for interaction with wind developments was 

calculated for 31 avian and 10 bat species. Based on the PHI model used, 20 of the 31 

avian and 9 of the 10 bat species were found to have the potential to interact with 

prime wind development real-estate during the spring season. Additionally, one species, 

Tympanuchus pallidicinctus, was found to be at high risk yearly for wind development 

interaction within the state. While these findings are anecdotal and need to be 

supported by scientific evaluation and findings from site-specific post-construction 

monitoring studies conducted within the state, they provide a generalized evaluation of 

risks posed from potential for wind development interaction within the state.   

Externalities of Wind Development in Texas 

 The contribution of wind-generated electricity in Texas will allow for the 

continual displacement of green house gas emissions, aiding cities and the state to 
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attain air quality standards, while providing economic stimulus and reducing the use of 

conventional fossil fuel-generated electricity. However, because wind energy is not 

governed at the national level and not all states require monitoring, responsibility falls 

to the county and city governments. Texas regulations for wind developments are 

minimal in regards to pre- and post-construction monitoring of environmental impacts. 

Currently there is no specific wind siting authority within the state and site review is 

voluntary. The state’s renewable energy incentives, such as grant programs and tax 

incentives provide appeal for wind development in the state; however, county boards 

can deny tax abatement to developers if public opposition is present. From a policy 

perspective, potential wind energy implications would appear minimal in regards to the 

positive externalities associated with growth in Texas wind development, yet opposition 

exists due to the lack of monitoring requirements emplaced upon wind developments in 

the state.    

 In Texas, opposition to wind energy in some city and counties has lead to the 

banning of commercial wind energy production within those areas. For example, the 

cities of Llano and Fredericksburg, Texas, and Gillespie County have passed resolutions 

opposing the installation of commercial wind energy developments due to the aesthetic 

impairments emplaced by wind turbines and the threats to avian and bat species known 

to reside within the Texas Hill Country (TCPA 2008). Opposition to wind developments 

in south Texas is due to negative impacts on ecotourism and migratory species within 

the region. Conflicts between conservation organizations and wind developers within 

the south Texas region have arose between publicized initial results for minimal impacts 
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from proposed wind developments in Kenedy County (TCPA 2008). Since operation 

began at the south Texas wind development, the developer has implemented strong 

mitigative techniques, such as the use of advanced radar technology, which would stop 

wind turbines spinning blades during large migration events. However, without public 

disclosure of post-construction impacts from all wind developments, due to the lack of 

available scientific data, opposition could continue to be seen in the state.   

 Where some cities and counties may oppose wind developments, many Texas 

counties want commercial wind energy developments due to the economic stimulus this 

energy sector can provide. Texas currently maintains the largest installed nameplate 

capacity with additional expansion expected. Due to the availability of employment 

opportunities for local residents and the economic benefits for farmers and ranchers to 

multi-task their property and earn supplemental income, wind energy development is 

appealing to many Texas counties. If wind farms can be situated in ways that reduce 

wildlife impacts, the planning process should encourage partnership with, rather than 

conflict among, governments, conservation organizations and power companies to take 

advantage of the possibility to generate benefits for all parties.   

Discussion 

 This thesis has relied substantially on the use of Geographic Information Systems 

to conduct the PHI analysis. Current uncertainty in predicting and understanding effects 

of wind turbines on wildlife, including the inherent difficulties in assessing and 

monitoring species-turbine collisions and habitat avoidance, is still in its infancy stage. 

The model used within this thesis study allows for macro-siting risk evaluation for rare, 
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threatened and endangered species within the state relative to the potential for wind 

development. Where species were found to be at risk within this study, either annually 

or temporally, wind developers should conduct micro-siting surveys to estimate risk for 

these species within the wind resource area.   

 Overall, this thesis may aid governmental organizations, conservation groups, 

wind organizations and future wind energy developers in minimizing risks to protected 

species and species of concern. Understanding the distribution and interaction potential 

for at-risk avian and bat species in Texas will aid in future turbine allocation and risk-

potential monitoring within the state. Wind energy could impair overall species viability 

parameters if certain protected species potential interactions with wind developments 

are not fully quantified. While wind energy is already prevalent in areas found to house 

higher risk species, until post-construction monitoring is conducted and publicly 

evaluated, the only way to estimate Texas wind development impacts is through 

comparative analysis of environmental impacts outside of the state.   

 Quantifying the biodiversity impacts from wind developments in Texas is broad-

estimation not to be used as a micro-siting evaluation of wind developments, rather for 

macro-scale generalized assessment. Examination of wind development impacts 

available from wind developments outside of Texas provided a means to generate a 

rudimentary estimate of potential generalized Texas wind development impacts, 

assuming that Texas impacts are reflective of impacts observed outside of the state. 

Using the combined regional weighted means to reflect estimated national mean 

impacts for the United States, potential Texas impacts for overall avian fatalities could 
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range from an estimated 15,000 to 25,700 collision fatalities annually. Estimated 

impacted raptor species ranged from 440 to 850 annual fatalities within the state and 

estimated bat impacts ranged from 49,500 to 68,500 based on estimates made in this 

study and current installed nameplate capacity within the state. These estimates reflect 

potential impacted ranges for all avian and bat species known to reside or migrate 

through the state and do not reflect estimated impacted range limits for individual 

species within the state.   

 Currently, wind development impacts appear minimal when compared to other 

energy sources and other anthropogenic sources of avian collision-related fatalities. 

However, without actual post-construction evaluation of Texas wind development 

impacts, the estimated impacted range limits could be heavily over or underestimated. 

Due to a shortage of information on bird and bat migration routes and the ways in 

which topography, weather, turbine design and implementation affect fatality rates, 

information pertaining to extrapolated estimates should be used with caution.  

Variations between wind developments are difficult to compare on a national scale due 

to these not fully understood variables.   

 Overall, the PHI model used to determine risk for Texas rare, threatened and 

endangered species could be tested by applying post-construction species-specific 

impact results; however, since Texas does not maintain a publicly available synthesis of 

wind development impact data within the state, there is no manner in which to 

compare between wind developments in Texas. That is why examining wildlife risk, 

based on the likelihood of commercial production zones in the state relative to known 
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range limits of protected species, allows for a macro-scale evaluation of risk for these 

species. However, one should note the methodological weakness of this study due to 

the use of proxy studies conducted outside of the Texas study areas being used as 

analogous site locations. The synthesis portions of pre- and post-construction studies 

relied exclusively on examining existing data conducted by various scientists, 

organizations and volunteers. Variances exist in methods used and time duration of 

proxy studies examined within this thesis. The methodology used within this thesis 

study does not reflect the true risk to avian and bat species within Texas, rather broad-

spectrum generalized risk based on the potential for wind developments and species 

ranges limits.  

Recommendations 

 In order to minimize potential wind development interaction of rare, threatened 

and endangered species found to be at risk within this study, a recommended minimal 

two year publicly-available pre-construction surveying and one year post-construction 

monitoring should be conducted at future wind developments in order to evaluate risk 

to these protected species. Counties already producing commercial wind-generated 

electricity should evaluate their impacts, especially if species found to be at-risk based 

on the PHI model are observed or known to reside within the county. This macro-scale 

approach for identifying high risk species in Texas could be used as a model to apply to 

other conterminous states’ preliminary evaluation of wind energy impacts, especially if 

the state does not require publicly available monitoring reports.   
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 Where municipalities cannot afford costly, lengthy ecological studies, 

responsibility should be placed upon the state to provide grant funding for universities, 

environmental organizations and naturalists to encourage public evaluation of wind 

development impacts on Texas avian and bat fauna. Texas wind energy has the 

potential to provide many positive externalities associated with increased wind 

development growth in the state. Quantifying or at least addressing the negative 

externalities through pre- and post-construction monitoring will provide a basis for 

cooperation and mitigation of Texas wind energy development impacts to species and 

the environment. 
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APPENDIX A 

TEMPORAL WIND SPEED MAPS FOR TEXAS 
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APPENDIX B 

AVIAN AND BAT SPECIES’ TEXAS RANGE LIMITS  
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Known or Observed Range Limits for Protected Avian Species in Texas 

Avian Water Birds 
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Avian Raptor Species 
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Upland Birds 
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Shorebirds 

  



123 

  



124 

  



125 

  



126 

  



127 

  



128 

  



129 

  



130 

  



131 

  



132 

  



133 

  



134 

Known or Observed Range Limits for Protected Bat Species in Texas 
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