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CHAPTER I 

BACKGROUND AND INTRODUCTION 

 

Background 

Species and Project Background 

The Swainson’s hawk (Buteo swainsoni) is a medium sized Neotropical migrant 

raptor that is a species of conservation concern in the western United States (Bechard et 

al. 2010).  Swainson’s hawks are long distance migrants, breeding in North America and 

migrating to South America for the wintering season (Bechard et al. 2010).  Every year, 

the population migrates en masse from North America to Argentina, and then returns to 

North America in the spring for the breeding season (Goldstein et al. 1999a, Nishida et al. 

2013).  The round-trip distance may exceed 20,000 km (Fuller et al. 1998), and soaring 

flight is utilized during this extensive migration.  Swainson’s hawks utilize open areas 

such as prairie grasslands and agricultural fields for many aspects of their ecology, 

including breeding.  The open landscapes that Swainson’s hawks occupy often also 

provide ideal conditions for wind farm development.  At this time, relatively little is 

known about how wind farms influence the breeding and wintering ecology of 

Swainson’s hawks or how these wind farm developments influence migratory behavior.  

However, as wind energy development continues to expand, any impacts on Swainson’s 

hawks may become more pronounced.    

Research on this topic is warranted due to the impacts that the expansion of wind 

energy developments and continued land use changes potentially will have on 
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Swainson’s hawk populations.  Wind energy is expanding domestically and abroad.  

Altered habitat and wind energy conflicts in migratory corridors may have significant 

implications for Swainson’s hawk populations; therefore, further investigation into the 

wintering and migration ecology of this species is prudent.      

 Land use and land conversion has been changing the composition of habitat types 

in the Southern High Plains and the Pampas regions of Argentina for decades.  As more 

land is converted to agricultural production and wind energy development, critical 

habitats for many species may be lost.  Since Swainson’s hawks utilize a migration 

corridor that extends from the Southern High Plains to the Pampas of Argentina, land 

conversion for wind development along their migration routes has potentially significant 

implications for the population.  In addition, land use changes in the wintering and 

breeding ranges of Swainson’s hawks also have the potential to impact their overall 

populations.  Therefore, studying migration ecology and migration corridors of 

Swainson’s hawks in relation to land use changes is pertinent.     

 Row crop agriculture has been a major component of the Southern High Plains 

region of the United States (Haukos and Smith 1994) and the Pampas of Argentina for 

the past several decades (Morello et al. 2003).  Specifically, agriculture has been 

expanding in the Great Plains region of the United States since the 1950s as a result of 

the development of irrigation techniques (Brown et al. 2005).  In contrast to other regions 

of the United States, agriculture has retained a hold on the landscape rather than being 

converted to other purposes in the Great Plains region (Brown et al. 2005).  However, 

since the mid-1950s, increasing amounts of land have been urbanized or altered for other 
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specific land uses (e.g. wind energy development) in the Southern High Plains.  Urban 

expansion has led to an overall decline in agricultural lands in the Great Plains, but has 

also provided for an increase in agricultural intensity (Brown et al. 2005).  Rather than 

requiring more land for labor intensive agriculture, it is now possible to use much less 

agricultural land as a result of the mechanization of the industry.  This continual change 

in agricultural and urban areas may impact Swainson’s hawk populations in some way.  

Therefore, it is important to monitor urban sprawl while also analyzing Swainson’s hawk 

ecology in these regions.  

Predictable urban sprawl has been the major driver of agricultural changes in the 

Southern High Plains, but in some countries, unpredictable urban sprawl often results in 

unsustainable land use changes.  Spread of urban areas in the United States has been 

fairly steady and predictable in comparison to countries like Argentina (Morello et al 

2003).  However, despite the predictable rate of urban sprawl in the United States, the 

loss of grassland habitat to urban areas and wind development has led to Swainson’s 

hawks being listed as threatened in California (Bechard et al. 2010).  Availability of 

nesting trees is a limiting factor for Swainson’s hawks (Gilmer and Stewart 1984).  

Gilmer and Stewart (1984) noted that about 75% of the nests used by hawks breeding in 

North Dakota were a result of trees that were either directly or indirectly placed by 

humans.  Therefore, the loss of these trees that provide nesting sites due to further land 

developments may result in population declines.  In contrast to the predictable urban 

sprawl of the United States, unpredictable urban expansion has been rapidly occurring in 

Argentina since the 1990s (Morello et al. 2003).  Due to the number of people below the 
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poverty level in metropolitan areas in Argentina, many natural areas have become 

damaged or overexploited (Morello et al. 2003).  Overexploitation in combination with 

the lack of predictable expanding urban centers had led to serious ecosystem 

consequences (Morello et al. 2003).  Rapid, unpredictable land changes such as those 

occurring in Argentina pose a potentially significant threat to Swainson’s hawk 

populations on their wintering range.  By studying the ecology of this species in greater 

depth, future conflicts between this species and the surrounding landscape can be 

determined.  In addition, due to the fact that this hawk is a species of concern in some 

states, it is important to understand how some ecological aspects of this species might 

conflict with regional land use changes or habitat conversion in both the United States 

and Argentina.   

Wind energy has developed substantially over the past several years due to 

turbine technology becoming more economical and practical (Kuvlesky et al. 2007).  As 

more wind energy developments are built, the chance for bird-turbine collisions increases 

as a result of the increased density of wind turbines.  Raptors have proven to be more 

sensitive to wind energy developments compared to other birds groups, such as 

passerines, because raptors have comparatively lower reproductive potential (Kuvlesky et 

al. 2007).  Due to the lower reproduction potential of raptors, raptors are likely to 

experience much more deleterious impacts from wind turbines.  In addition, direct links 

between wind farms and raptor mortality have been established (Kuvlesky et al. 2007, 

National Research Council 2007).  In some cases, substantial losses of raptors have 

occurred as a result of these bird species interacting with wind farms (Kuvlesky et al. 
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2007).  However, several studies have also found a lack of significant raptor mortality 

occurring in many wind farms across the United States.  This discrepancy can be 

attributed to the location of the wind farms themselves; wind farms that are located in 

high risk locations such as migration routes may cause significant raptor fatalities 

whereas wind farms located away from migration corridors may have few to no raptor 

fatalities (Kuvlesky et al. 2007).  Kuvlesky et al. (2007) also noted that building wind 

farms in areas with a large concentration of birds results in a greater number of fatalities. 

Vision potentially impacts the risk of birds colliding with objects such as wind 

turbines.  It is thought that birds utilize their lateral vision to look for foraging 

opportunities as well as scan for potential threats such as predators (Martin 2011).  With 

their attention directed towards a prey item or predator, flying birds may not be checking 

for open airspace in front of them.  As a result, birds may not anticipate the manmade 

artifacts, such as wind turbines and power lines, and may fail to see these obstacles due 

their focus being on another target (Martin 2011).  In addition, Shaw et al. (2010) found 

that large obstacles on the landscape may have deleterious impacts on survival of specific 

populations or vulnerable species.  It is important to understand how birds view these 

large obstacles to try and reduce the risk of collision.  Since any visual system has a limit 

to the information it can gather, there is always a risk that important information is lost.  

By attempting to understand why birds do not “see” manmade objects in flight, we can 

potentially produce solutions that will allow for these objects to be more apparent to 

avian species.  This information can then also be used to influence placement of wind 

turbines to locate them in areas where collision is less likely to occur.  
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Due to wind energy development progressing in many countries, there is a clear 

potential threat to many migratory bird species.  If these new wind energy developments 

are placed in areas with high volumes of migrant birds, raptors might experience 

significantly higher collision.  Since Swainson’s hawks not only migrate en masse but 

also use narrow migration corridors, wind farms in these areas may pose significant risk 

to these species.  Therefore, further investigation into the migration ecology of 

Swainson’s hawks and how their movements might overlap or conflict with wind farms is 

warranted.      

Introduction 

 Data presented in this thesis were collected from the fall of 2012 to the spring of 

2015 using GPS platform transmitter terminals (PTT).  Nest data were collected in 2014 

in the spring and summer primarily within Carson, Potter, and Armstrong counties.  The 

study focused on the influences of wind energy facilities on Swainson’s hawks including 

analyses on productivity and gender-specific differences in migration, migratory 

corridors, and migration routes.  Data presented within this thesis have been organized 

into distinct chapters for the purpose of publication.  Each chapter has been written as if it 

was a separate document; therefore, some redundancy occurs between chapters especially 

in the introduction and methods sections.  Chapters were divided based on the topics of 

the study being investigated and the methods that were used in the analysis of the data. 

 Within this thesis, the analyses, explanation, and presentation of data were the 

author’s responsibility.  However, as this study was a continuation of a study that began 
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at West Texas A&M University and there will be multiple authors for each future 

publication, I retained the plural form (we) throughout each chapter of this thesis.    

Summary of Findings 

 The following chapters of this thesis examine gender specific differences in 

Swainson’s hawks as well as several aspects of their breeding and migration ecology.  

The second chapter of this document titled “Gender Specific Differences for Swainson’s 

hawks Migrating from the Southern High Plains to Argentina” tests for differences in 

transit days and departure date for male and female hawks prior to and during migration.  

A series of t-tests were conducted on migration data for departure date and the number of 

transit days.  There were no differences detected between male and female Swainson’s 

hawk migration.  One of the seasons had significantly different results than the other 

seasons; however, once we added the period of staging into migration, analysis indicated 

that male and female Swainson’s hawk migration is the same.  Using the same 

methodology for other species with PTTs may shed light on differences between different 

avian groups as well as between species.   

In chapter 3 titled, “Reproductive Output and Risk of Turbine Encounters for 

Swainson’s Hawks Breeding on the Southern High Plains”, we observed nests from 

2012-2014 in the Southern High Plains of Texas.  Due to insufficient data during the 

2012 and 2013 seasons, we were only able to conduct a full round of tests on data from 

the 2014 breeding season.  We found no relationship between reproductive output and the 

distance of a nest to the nearest wind turbine.  We found that on average, 2013 nests 

produced less young and fledglings per nest attempt than nests that were monitored 
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during the 2014 breeding season.  We speculate this may have been influenced by 

varying drought conditions in Texas during these breeding seasons.  Home ranges for 

Swainson’s hawks during the 2012-2014 breeding seasons were examined for collision 

risk with wind turbines.  On average, only 10% of the total area of the estimated home 

ranges contained wind energy facilities.  This indicates that Swainson’s hawks are at a 

low risk of collision in their home ranges due to the fact that 90% of their home ranges do 

not contain wind energy facilities given the data we used in these analyses.   

In chapter 4 titled, “Probability of Swainson’s hawks Encountering High Wind 

Potential Areas During Migration” we created wind potential categories that we used as 

an index for risk of collision.  We used these wind potential categories in relation to roost 

and mid-day locations as well as complete migration routes to estimate the collision risk 

for Swainson’s hawks along their migration route in context of where wind energy 

centers were most likely to be developed.  We were unable to detect a difference in 

collision risk between roost and mid-day locations.  We found that risk at roost and mid-

day locations was minimal to none based on the Swainson’s hawk altitude of flight 

during active flying.  Swainson’s hawks may be preferentially using areas with low 

potential for wind energy development. We found that Swainson’s hawks were using 

high and moderate risk areas less than what was available on the landscape.  

Alternatively, if Swainson’s hawks are being displaced by existing wind energy facilities, 

then other avian species are likely to be experiencing these same effects.  
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CHAPTER II 

GENDER SPECIFIC DIFFERENCES FOR SWAINSON’S HAWKS MIGRATING 

FROM THE SOUTHERN HIGH PLAINS TO ARGENTINA 

 

Abstract 

The Swainson’s hawk (Buteo swainsoni) breeds across the prairie grasslands of 

North America and is a species of conservation concern in many states.  Each autumn the 

population migrates en masse from their breeding grounds in North America to their 

wintering grounds on the Pampas of Argentina, and returns in the spring.  With a round 

trip distance that may exceed 22,000 km, this is one of the longest migrations known for 

birds of prey.  Previous studies have used satellite telemetry to identify the wintering 

grounds and investigate migratory pathways and movements of Swainson’s hawks.  Yet- 

many relevant ecological questions remain regarding the migration ecology of the 

species.  Starting in 2012, we attached GPS Platform Transmitter Terminals to male and 

female Swainson’s hawks nesting in the panhandle of Texas with the goal of 

investigating their year-round ecology.  These units provide 8 - 12 latitude and longitude 

coordinates with an 18 m accuracy, speed, heading, and altitude data on a daily basis.  

We used these data to assess gender-specific movement rates and routes of 24 individual 

Swainson’s hawks during 3 autumnal migrations and 3 vernal migrations.  Overall, fall 

migration for Swainson’s hawks took an average of 48 days with a mean distance 

traveled of 10, 246 km.  Mean day of departure was October 8 when averaging all 3 fall 

migrations.  Spring migration for Swainson’s hawks took an average of 48 days and 
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mean distance traveled was 10,328 km.  Mean day of departure was February 28 when 

using all 3 spring migrations for analysis.  Based off these analyses, no gender specific 

differences were detected.  Migration routes were consistent for Swainson’s hawks in all 

years, and we were able to identify potentially important areas for conservation efforts.   

 

Introduction 

The Swainson’s hawk (Buteo swainsoni) is a medium sized Neotropical migrant 

raptor whose entire population breeds across the open grasslands, brushlands, and 

agricultural areas of western North America (Bechard et al. 2010).  The Swainson’s hawk 

is a long distance migrant; every year, the population migrates en masse from their 

breeding grounds in North America to winter in Argentina during the austral summer, 

and then returns to North America in the following spring for the breeding season 

(Goldstein et al. 1999a, Nishida et al. 2013).  The round-trip distance may exceed 20,000 

km (Fuller et al. 1998).  While in Argentina, Swainson’s hawks occupy open grassland 

and agricultural landscapes similar to that used during their breeding season in the 

northern hemisphere.  

Although previous studies such as Kochert et al. (2011) have identified migration 

routes of Swainson’s hawks, few have assessed potential of gender-specific behaviors in 

migration such as, variation in transit days and -departure dates.  Analysis of male and 

female migratory transit days and departure dates are important to understanding the 

overall migration ecology of the species.  For instance, males may arrive earlier on the 

breeding grounds because they must establish territories, and females may leave later 
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depending on post-fledging care of young (Newton 1986).  If seasonality, migration rates, 

and arrival and departure dates result in migratory differences between the genders, these 

variables then might have important implications for the conservation of this species.  For 

instance, differences in migration may result in different energy expenditures during 

migration which may lead one sex or the other to be in better condition upon reaching the 

breeding grounds.  

Satellite telemetry has been used extensively to track migratory rates and 

pathways of a variety of bird species.  Routes and travel rates of broad-winged hawks 

(Buteo platypterus), ospreys (Pandion haliaetus), peregrine falcons (Falco peregrinus), 

Swainson’s hawks, and other species have been tracked using satellite telemetry (Fuller 

et al. 1998, Martell et al. 2001, Haines et al. 2003).  Swainson’s hawks are known to use 

soaring flight (i.e. using thermals for lift) during their migrations, but have faster travel 

rates mid-migration than they do at the beginning and end of migration (Fuller et al. 

1998).  Few studies have analyzed the mechanisms behind changes in Swainson’s hawk 

travel rates or differences in gender-specific migration rates, but they could be a result of 

geography, weather, or other variables.  Pennycuick (1972) stated that the faster a bird is 

able to gain altitude, the faster their migration rates in terms of speed.  Therefore, 

Swainson’s hawk travel rates likely depend on altitude gains while soaring on thermals 

(Fuller et al. 1998).   

Due to the long travel distance and funneling effect through the Isthmus of 

Panama (Kochert et al. 2011), understanding travel rates and other migratory factors may 

be important for the conservation of Swainson’s hawks as landscapes and land uses 
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change.  As wind energy progresses in Central and South America, it could begin to pose 

collision risk with Swainson’s hawks, especially if developments occur in constricted 

migration areas.  To begin to address these information needs, we used GPS location data 

obtained from 3 fall and 3 spring migrations to assess potential gender-specific 

differences in Swainson’s hawk migration and to determine important migration 

corridors. 

Methods 

 

Trapping 

 

We trapped Swainson’s hawks in the Texas Southern High Plains near Amarillo, 

Texas. Trapping occurred primarily in Carson and Potter counties.  We trapped one hawk 

in Lubbock county which we included in analysis.  We used bal-chatri traps and dho-gaza 

traps to capture individual Swainson’s hawks (Bloom et al. 2007).  We conducted road-

side trapping with bal-chatri traps to capture hawks that had returned from migration but 

prior to nesting.  Once we detected a Swainson’s hawk from a vehicle, we used a live 

gerbil or mouse, as a lure animal, in the bal-chatri trap, and deployed the trap within the 

viewing distance of the Swainson’s hawk.  Once the hawk attempted to capture the lure 

animal and its talons became ensnared in the nooses on the trap, we removed the hawk 

from the trap as quickly as possible.  Stress to the bird was minimized by placing a 

standard falconry hood on the captured bird until it was released.  We did not leave the 

trap out for more than 15 minutes at a time to provide for the safety and comfort of the 

lure animals.   
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Once nestlings were present in the nests, we used dho-gaza traps as the primary 

technique for the capture of Swainson’s hawks.  We used a great-horned owl (Bubo 

virginianus) as a lure animal and set up the dho-gaza traps no more than 100 meters away 

from the Swainson’s hawk nests.  Owls are predators of nestling hawks and their 

presence will incite a defensive reaction from the adult hawks.  Observers maintained eye 

contact with the mist net, the owl decoy, and dho-gaza setup at all times.  Once a hawk 

was captured, we removed it from the net as quickly as possible and a falconry hood was 

placed on the hawk.   

We handled hawks that were captured according to established guidelines 

described by Fuller et al. (2005) and by the Texas Tech IACUC protocol (14031-04).  We 

weighed and collected standard morphological measurements for each Swainson’s hawk 

that was captured, and determined gender based on weight and wing cord measurements 

(Kochert and McKinley 2008).  We placed a uniquely numbered band issued by the U.S. 

Geological Survey Bird Banding Laboratory on one leg, and banded the other leg with a 

blue colored aluminum band with a silver alphanumeric code that was visible through 

binoculars or spotting scopes.  This allowed for visual identification of individual birds.  

We attached platform transmitter terminals (PTTs, Microwave Telemetry, Inc., 

Columbia, Maryland) to captured Swainson’s hawks using Teflon ribbon with a backpack 

style harness attachment (Fuller et al. 2005).  The average weight of a PTT transmitter is 

about 23 grams and our federal permits allowed for a total weight of the transmitter and 

backpack harness to be less than 4% of the total body weight of a Swainson’s hawk; 

therefore, we did not attach transmitters to hawks that weighed less than 550 grams.    
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The Argos satellite system approximated the locations of PTTs, and we had each 

unit programmed to record locations of the birds a set number of times a day (8 to 12 

based on time of year).  We then downloaded and analyzed information from the Argos 

website weekly. 

 

Migration Departure and Number of Transit Days 

We assessed the movements and locations to determine migratory departure and 

transit dates for individual Swainson’s hawks.  We reviewed location data in Excel and 

Google Earth to discern when each bird initiated and terminated each fall and spring 

migration.  When a bird made a significant movement (greater than 10 km) in the 

direction of migration without any subsequent return, we considered this to be the 

initiation of migration for that individual.  When the hawks ceased to move in the 

seasonal direction of migration, we considered this to be the termination of migration.  

We defined the number of days between the initiation and termination of migration as the 

number of transit days.    

Passage Rates  

We calculated passage rates by separating migration locations from breeding 

(approximately early April to September) and wintering (approximately November to 

March) locations.  We created migration spreadsheets that contained all points between 

the migration initiation and termination location for each hawk.  Hawks that died or 

stopped sending data (i.e. radio failure) during the migration period were excluded from 

analysis.  We sorted the migration spreadsheets to identify nightly roost locations during 

each migration.  We input roost locations into ArcGIS and used the Geospatial Modeling 
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Environment software to measure distances between sequential roost sites.  Once we 

established the distance values between each roost location, we summed these values to 

calculate the total distance traveled during a one-way migration.  We counted the number 

of transit days between each migration initiation and termination for each bird.  We 

determined the difference in distance between sequential roost sites and added the values 

together to get the total distance.  We then divided the total distance traveled for each 

migration by the number of transit days taken during that migration to calculate the 

average passage rate (i.e. speed) in terms of kilometers traveled per day.    

Migration Routes 

We identified routes of migration for individual Swainson’s hawks by using the 

location data for each bird in ArcGIS.  We included all location points for a migration in 

ArcGIS to visualize and calculate the entirety of the migration from initiation date to 

termination date.  Initially, we analyzed the migrations by hawk to look at individual 

differences.  We also separated fall and spring migrations to assess similarity of 

difference between seasonal routes.  We then pooled the fall and spring migration 

locations of all birds to look at overlaps in migration routes.  We pooled these data in 

order to determine whether the individual hawks were all using the same migration routes 

regardless of season.  If migration routes were consistent across seasons, areas that had 

significant numbers of migration locations indicated routes and corridors that were 

frequently used.      

 Once we determined migratory passage rates, arrival and departure dates, and 

migration routes for individual birds, we pooled these variables by gender for further 
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statistical analyses.  These statistical analyses consisted of several t-tests and analysis of 

variance (ANOVA); (Fisher 1925).  Prior to testing for gender-specific differences, we 

used Lavene’s test to determine the equality of variance within the data, and Shapiro-

Wilks test was used to analyze data for normality.  Departure date data were determined 

to be normal, but transit days were not.  Therefore, the transit days were log transformed 

to fit the assumption of normality for the ANOVAs.  We used t-tests as a preliminary 

assessment of migration initiation date and the number of transit days it took to complete 

a migration.  Analysis of variance (ANOVA) tests were conducted to determine 

differences between migrations of male and female Swainson’s hawks as well as seasons.  

A two-way ANOVA was conducted on transit days to determine how sex of the bird and 

season influenced the number of days it took to complete a migration.  Two one-way 

ANOVAs were conducted to determine how the sex of a bird influenced departure date 

for fall migrations and for spring migrations.  Alpha level was set at 0.05 for all tests 

conducted. 

Identify Critical Migration Corridors 

We imported migration location data into ArcGIS version 10.1 for each 

Swainson’s hawk to attempt to identify important migratory corridors for the species.  

Analyzing data for each migration separately allowed for comparison of migrations to 

determine if migration corridors were consistent regardless of season.  We combined 

location data for every hawk based on season of migration (e.g. Fall 2012, Spring 2013).  

Then, we exported these seasonal migrations in ArcGIS to different data layer files for 

comparison purposes.  We studied each migration visually to find overlaps and areas 
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where the routes narrowed that indicated important migratory corridors.  This visual 

analysis was used to detect segments of the migration where Swainson’s hawks 

consistently concentrated in discrete channels.  Points were then placed over the areas 

where the majority of migrations intersected, and we used these narrowed areas to 

indicate places along the migration that hawks consistently flew over.  We considered 

these to be the most important migratory corridors.   

Results 

Migration Initiation and Number of Transit Days 

In the summer of 2012 and 2013, we attached Platform Transmitter Terminals 

(PTT) to male and female Swainson’s hawks.  In 2012, we place 8 transmitters on males 

and 4 transmitters on female hawks.  In 2013, we place 6 transmitters on males and 6 

transmitters on females.  We monitored these hawks for 6 migrations consisting of 3 fall 

migrations and 3 spring migrations.  The number of hawks monitored during each 

migration was dependent on the number of PTTs that were functioning during that 

season.  A total of 73 migrations were monitored across the 6 migration seasons.  Twelve 

individuals were monitored in fall 2012 and the 2013 spring migration, 20 hawks were 

monitored during fall 2013, 13 were monitored in spring 2014, and 14 hawks were 

monitored in fall 2014 and the 2015 spring migration. 

Lavene’s test on the migration data to test for independence indicated equal 

variance between groups as well as between individuals.  Therefore, we considered each 

migration as independent.   
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We found no difference in the number of transit days it took male and female 

hawks to complete a migration.  Transit days of male and female hawks also were 

relatively consistent between seasons (Table 2.1).  There were no differences detected 

between male and female Swainson’s hawks during the fall or spring migrations (Table 

2.2).  Furthermore, we found no difference between the migration initiation dates for 

male and female hawks for 5 out of the 6 migrations monitored (Table 2.1).  However, 

fall 2014 did show a significant difference between male and female hawk migration 

initiation dates (p = 0.009).   

We found no difference in the number of days it took male and female hawks to 

complete fall or spring migrations (Table 2.1).  In addition, we were unable to detect any 

difference in the migration initiation dates for male and female hawks during spring 

migrations (Table 2.1).  However, there was a difference in the migration initiation dates 

for male and female hawks for fall migrations (F1,3 = 7.15, p = 0.01).  However, in 

retrospect, we were concerned about the potential bias that may have been caused as a 

result of not including staging behavior of some hawks prior to fall migration.  By cutting 

the staging locations out of the migration calculations, the initiation dates may have 

appeared to be later than hawks that did not stage.  When we included the departure for 

staging areas as part of migration, we found there was no detectable difference for male 

and female hawks for either spring or fall migrations (F1,6  = 0.17, p = 0.68; F1,6 = 0.52, p 

= 0.48).  Again, no difference was detected between the transit days of male and female 

Swainson’s hawks (F1,5 = 0.65, p = 0.42).   

Passage Rates 
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Total migration distance and days of transit were pooled for both genders to 

calculate average passage rates of Swainson’s hawks for each migration.  The average 

daily distance traveled by the hawks was relatively consistent between all seasons (Table 

2.3).  Small standard deviations around these means indicate that travel rates between 

seasons were not highly variable.  The consistency of travel rates between seasons 

suggests that the passage rates are likely a result of factors that stay constant or almost 

constant throughout both fall and spring migrations.  These factors may include, but are 

not limited to geography, wind patterns, and altitude of active flight.  

Identify Migratory Corridors 

By using pooled location data for Swainson’s hawks, we were able to detect what 

we believe are 3 important corridors along the migration route.  These 3 major corridors 

occurred in the Oaxaca region of Mexico, along the Pacific Coastline of El Salvador and 

Nicaragua, and along the Isthmus of Panama (Figure 2.1).  Migration routes through 

these areas resulted in corridors that measured less than ≤ 80 kilometers across.  

Corridors through Panama, Nicaragua, and Mexico measured 58 kilometers, 80 

kilometers, and 72 kilometers across, respectively.  Two other minor corridors were 

identified when examining geographical areas where Swainson’s hawk daily travel rates 

were greater than 500 kilometers (Table 2.4).  These less significant corridors occurred 

along the Gulf Coast of Mexico in the region of Tamaulipas and in the area where 

Bolivia, Paraguay, and Argentina share borders (Figure 2.1).  These corridors may be 

ecologically significant because these are areas where Swainson’s hawks were traveling 

rapidly while also condensing their migration route.    
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Discussion 

Migration Initiation and Number of Transit Days  

 In general, Swainson’s hawk migration consistently took about a month and a half 

to two months to complete migration regardless of southbound or northbound routes.  We 

did not detect any differences in migration initiation dates for male and female 

Swainson’s hawks except in the fall 2014 migration.  However, the significant result for 

fall 2014 did not hold when we added in staging areas.  The overall lack of a trend 

between the genders for migration initiation date indicates that unlike other raptor species 

(Newton 1986, DeLong and Hoffman 1999), the breeding season does not have an 

influence on Swainson’s hawk migratory behavior.   

Other raptor species have documented differences in male and female migrations 

(DeLong and Hoffman 1999).  DeLong and Hoffman (1999) specifically noted the 

differences for sharp-shinned hawks (Accipiter striatus) and Cooper’s hawks (Accipiter 

cooperii) in migration for not only the sexes, but also different age groups.  Within their 

study of Accipiter hawks, Delong and Hoffman (1999) found that adult males left later 

than adult females, and juvenile hawks left earlier than adult hawks for migration.  

However, we did not notice trends in the sexes for Swainson’s hawks that would indicate 

any gender specific migratory differences.  We did not have information in regards to 

migrations between different age classes, but this is an aspect that we hope to address for 

future studies.   

Generally, gender specific differences in migration are thought to be a result of 

females fledging young and departing later in the fall and males seeking to establish 
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territories on the breeding grounds and departing earlier in the spring.  These trends are 

reflected in some of the differences Newton (1986) described between male and female 

Eurasian sparrowhawks (Accipiter nisus).  However, the only significant change in 

location prior to migration that we noted during our study for Swainson’s hawks was to 

the staging grounds.  This was not necessarily surprising since Swainson’s hawks are 

known to migrate en masse.  However, we did notice that it appears that the initiation of 

breeding is not influenced by the arrival date of Swainson’s hawks since they are arriving 

at about the same time to the breeding grounds.  This calls into question some previous 

ideas about a relationship existing between the initiation date of nests and greater nest 

success.  If Swainson’s hawks are arriving at approximately the same time, there likely is 

not a strong relationship between the date an adult hawk arrive on the breeding ground 

and the success of that nest.  In addition, if Swainson’s hawks depart at the same time 

regardless of sex it appears that the outcome of the nest does not influence the migration 

initiation date.   

Passage Rates    

 Average passage rates were determined for Swainson’s hawk migration by 

pooling the data for all of the hawks with PTTs that were being monitored.  Based off our 

analysis of passage rates, the average distance traveled per day by Swainson’s hawks 

during migration was approximately 200 km/day.  The consistency of the average 

passage rates among migrations indicates that Swainson’s hawks travel in a similar 

manner for each migration.  This consistency in passage rates is echoed by the 

consistency of the departure dates and the number of transit days it took Swainson’s 
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hawks to complete migrations.  Furthermore, the relatively small standard deviations 

around the average migration passage rates demonstrate that the variability is not very 

high between the passage rates for each migration.  Therefore, despite potential 

influences on passage rates along the migration route, Swainson’s hawks appear to travel 

approximately the same distance each day during each migration.  Although there are 

several areas along the migration route where Swainson’s hawks travel over 500 

kilometers in a single day, the general trend (by averaging) shows that Swainson’s hawks 

travel about the same distance each day.  This indicates that the changes in geography 

and wind patterns along the migration route exert the same amount of influence on 

passage rates across years.  Our analyses indicate that passage rates like departure date 

and number of transit days remains consistent for Swainson’s hawks.  Kochert et al. 

(2011) found similar results for Swainson’s hawk migration when compared to our study 

on Swainson’s hawks.  They found that there was no gender-specific difference for 

Swainson’s hawks in migration, and they found that passage rates between northward and 

southward migration were approximately the same.   

Identify Migration Corridors 

 We identified important migration corridors for Swainson’s hawks by analyzing 

the migration routes and looking for sections where the migrations converged.  Based off 

of our analyses, we identified 3 major corridors that occurred in the Oaxaca region of 

Mexico, along the Pacific Coastline of El Salvador and Nicaragua, and along the Isthmus 

of Panama.  Our findings are consistent and expand on those by, Kochert et al. (2011) 

who found migration corridors along the Sierra Madre Oriental mountains and the 



 
Texas Tech University, Laurie Groen, December 2015 

26 

 

Isthmus of Panama.  These findings directly corroborate the corridors we found in the 

Oaxaca region of Mexico which lies along the Gulf coast of the Sierra Madre Orientals 

and along the Isthmus of Panama.  We demonstrated that the narrow region between El 

Salvador and Nicaragua should also be considered a major migration corridor due to the 

consistent use by Swainson’s hawks for both fall and spring migrations.  A similar 

funneling effect occurs in the area between Lake Nicaragua and the Pacific Coastline of 

Central America that occurs along the Isthmus of Panama.  This led us to include this 

section of the migration route as a major migration corridor.  In addition, after further 

analysis of migratory movements, we identified other potential migration corridors by 

pulling out locations where hawks traveled greater than 500 kilometers in a day.  Areas 

where hawks consistently moved greater distances during migration, in addition to the 3 

major migration corridors already mentioned, occurred along the Gulf Coast of Mexico in 

the Tamaulipas region and in the area where Bolivia, Paraguay, and Argentina all share 

borders.  These regions showed multiple hawks traveling greater distances per day for 

multiple migrations.  Swainson’s hawks traveled greater distances in certain geographical 

locations likely due to favorable winds, topographical differences, or other landscape 

level influences.  Avoidance of risks such as predation, collision, or other perceived 

threats also potentially influence the rate at which Swainson’s hawks travel across the 

landscape.  However, further investigation is needed to definitively identify these rapid 

flight areas as other critical migratory corridors. 

  

 

 



 
Texas Tech University, Laurie Groen, December 2015 

27 

 

Literature Cited 

 

Bloom, P.H., J.L. Henckel, E.H. Henckel, J.K. Schmutz, B. Woodbridge, J.R. Bryan, 

R.L. Anderson, P.J. Detrich, T.L. Maechtle, J.O. McKinley, M.D. McCrary, K. 

Titus, and P.F. Schempf. 1992. The dho-gaza with great horned owl lure: an 

analysis of its effectiveness in capturing raptors. Journal of Raptor Research 26: 

167-178. 

 

DeLong, J. and S.W. Hoffman. 1999. Differential autumn migration of sharp-shinned and 

Cooper’s hawks in western North America. The Condor 101: 674-678. 

 

Fisher, R. A. 1925. Statistical Methods for Research Workers. Edinburgh, United 

Kingdom: Oliver & Boyd. 

 

Fuller, M.R., W.S. Seegar, and L.S. Schueck. 1998. Routes and travel rates of migrating 

peregrine falcons (Falco peregrinus) and Swainson’s hawks (Buteo swainsoni) in 

the western hemisphere. Journal of Avian Biology 29: 433-440. 

 

Fuller, M.R. J.J. Millspaugh, K.E. Church, and R.E. Kenward. Wildlife radio telemetry: 

Techniques for wildlife investigations and management. 6
th

 ed. C.E. Braun [ED.]. 

Bethesda MD: The Wildlife Society, 2005. 377-417. Print. 

 

Haines, A.M., M.J. McGrady, M.S. Martell, B.J. Dayton, M.B. Henke, and W.S. Seegar. 

2003. Migration routes and wintering location of broad-wing hawks tracked by 

satellite telemetry. The Wilson Bulletin 115: 166-169. 

 

Kochert, M.N., M.R. Fuller, L.S. Schueck, L. Bond, M.J. Bechard, B. Woodbridge, G.L. 

Holroyd, M.S. Martell, and U. Banasch. 2011. Migration patterns, use of stopover 

areas, and austral summer movements of Swainson’s hawks. The Condor 113: 89-

106.  

 

Kochert, M.N., and J.O. McKinley. 2008. Use of body mass, footpad length, and wing 

chord to determine sex in Swainson's Hawks. Journal of Raptor Research 42:138-

141. 

 

Martell, M.S., C.J. Henny, P.E. Nye, and M.J. Solensky. 2001. Fall migration routes, 

timing and wintering of North American ospreys as determined by satellite 

telemetry. 2001. The Condor 103: 715-724.  

 

Newton, I. 1986. Ranging behavior. Pp. 71-73. The Sparrowhawk. T& A D Poyser Ltd., 

Town Head House, Colton, Waterhouses, Staffordshire, England.   

 

Pennycuick, C.J. 1972. Soaring behavior and performance of some East African birds, 

observed from a motor-glider. Ibis 114: 178-218. 



 
Texas Tech University, Laurie Groen, December 2015 

28 

 

Table 2.1. Gender-specific migration initiation date and the number of days in transit for 

Swainson's hawks. Initiation dates are in Julian date format. 

 

Male 

 

Female 

  

 

n mean (SD) 

 

n mean (SD) 

 

P 

Migration initiation 

       Fall 2012 8 286 (5.6) 

 

4 280 (6.9) 

 

0.183 

Spring 2013 8 60 (8.7) 

 

4 61 (7.3) 

 

0.86 

Fall 2013 12 280 (5.2) 

 

8 278 (3.5) 

 

0.412 

Spring 2014 6 62 (9.0) 

 

7 61 (6.3) 

 

0.744 

Fall 2014 4 284 (1.4) 

 

6 278 (3.9) 

 

0.009 

Spring 2015 4 53 (6.7) 

 

6 55 (8.8) 

 

0.768 

        Days in transit 

       Fall 2012 8 44.1 (6.8) 

 

4 48.5 (4.5) 

 

0.217 

Spring 2013 8 55.3 (9.6) 

 

4 46.3 (5.1) 

 

0.061 

Fall 2013 12 47.2 (7.1) 

 

8 50.9 (6.7) 

 

0.253 

Spring 2014 6 44.8 (3.2) 7 44.9 (5.3) 0.992 

Fall 2014 4 53.0 (6.2) 

 

6 45.0 (6.2) 

 

0.088 

Spring 2015 4 48.3 (11.0) 

 

6 47.0 (5.7) 

 

0.844 
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Table 2.2. Analysis of variance between genders for departure dates and transit days. Df = 

degrees of freedom, SS = Sum of squares, MS = mean squared. 

ANOVA df SS MS F-value Significance 

Departure Date: Fall 

     Sex 1 179.8 179.76 7.147 0.0108 

    

  Departure Date: Fall with Staging    

  Sex 1 10.9 10.86 0.173 0.68 

      Departure Date: Spring 

     Sex 1 2.4 2.42 0.036 0.851 

      Transit Days 

     Sex 1 0.008 0.008 0.421 0.519 

Season 5 0.162 0.032 1.714 0.144 

Sex: Season 5 0.198 0.040 2.101 0.077 
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Table 2.3. Number of days of migration, total migration distance (km) and the average daily 

distance traveled (km) by Swainson's hawks during fall and spring migrations. 

    

Number of Days of 

Migration 

Total Migration 

Distance (km) 

Average Daily 
Distance Traveled 

(km) 

     Migration n Mean (SD) Mean (SD) Mean (SD) 

Fall 2012 12 46 (6) 9952 (689) 222 (29) 

Spring 2013 12 52 (9) 10298 (689) 200 (36) 

Fall 2013 20 49(7) 10513 (786) 219 (29) 

Spring 2014 13 44 (4) 10272 (746) 230 (18) 

Fall 2014 10 48 (7) 10066 (485) 212 (28) 

Spring 2015 10 48 (8) 10437 (735) 224 (29) 
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Table 2.4. The number of times that movements greater 

than 500 kilometers occurred in specific geographic 

locations during Swainson's hawk migration. 

Location of Movements Greater than 500 

kilometers 

Number of 

Occurrences 

Argentina 5 

Austin, Texas to South Texas 1 

Bolivia 44 

Bolivia to North Argentina 16 

Bolivia to Paraguay 5 

Brazil 1 

Brazil to Bolivia 9 

Central Texas to South Texas 7 

Colombia 4 

Costa Rica to El Salvador 1 

Costa Rica to Nicaragua 1 

El Salvador to Nicaragua 10 

Panama to Colombia 1 

Panama to Nicaragua 1 

Paraguay to North Argentina 3 

Peru 1 

Mexico to Texas 7 

Nicaragua to Guatemala 3 

North Argentina 14 

North Argentina to Bolivia 6 

North Argentina to Las Pampas, Argentina 8 

North Argentina to Paraguay 5 

North Texas to Central Texas 1 

North Texas to South Texas 1 

Oaxaca, Mexico 2 

Tamaulipas, Mexico 1 

Texas 4 

Region of Pampas in Argentina 8 

South Texas to Tamaulipas, Mexico  4 

South Texas 1 

Missing Data 5 
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Figure 2.1. Fall migration routes (2012-2014) for Swainson’s Hawks with 

circles indicating areas we consider to be important major migration 

corridors. Areas were circled based on sites where migration routes 

intersected and narrowed down to corridors less than 85 kilometers across.   
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CHAPTER III 

 

REPRODUCTIVE OUTPUT AND RISK OF TURBINE ENCOUNTERS FOR 

SWAINSON’S HAWKS BREEDING ON THE SOUTHERN HIGH PLAINS 

 

 

Abstract 

 We monitored Swainson’s hawk nests during the 2013 and 2014 breeding seasons 

in the Southern High Plains of Texas.  A total of 13 nests were monitored in 2013, and 19 

nests were monitored during the 2014 breeding season.  Nest fate and nest productivity 

were determined for each nest that was observed.  Out of the observed nests, nine were 

successful in 2013 and 16 nests were successful in the 2014 breeding season.  The 

percent success of monitored nests for 2013 and 2014 was 69% and 84%, respectively.  

However, the number of fledglings produced per successful nest (1.44) was the same 

both years.  We utilized linear models and analyzed Poisson distributions on the nesting 

data collected in 2014 to determine influences of wind energy on Swainson’s hawk 

reproductive potential.  We were unable to conduct these analyses on 2013 data due to 

incomplete nesting information.  We did not detect any relationship between success of a 

nest and the distance to the nearest wind turbine.  Poisson models also were unable to 

detect a relationship between the distance to the nearest wind turbine to the nest and the 

number of nestlings or fledglings produced at a nest.     
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Introduction 

Swainson’s Hawks and the Landscape 

In order to track Swainson’s hawks across vast distances, researchers have 

attached PTTs on individual birds which are then tracked via satellite telemetry.  These 

studies identified the species wintering sites, breeding sites, and migratory pathways of 

many bird species including the Swainson’s hawk (Fuller et al. 1998, Meyburg et al. 

2003, Haines et al. 2008).  As technology has advanced, PTT transmitters have become 

became increasingly beneficial and informative due to reduced size and drastically 

improved resolution quality (Seeland et al. 2012).  Due to these advances, more details 

about individual birds or entire populations can now be analyzed using PTT transmitter 

data.  

 Wintering and breeding areas, in Argentina and North America, are important 

components to Swainson’s hawk ecology.  Several studies have been conducted in the 

Pampas of Argentina where Swainson’s hawks overwinter (Schmutz et al. 2006).  

Similarly, several studies have been conducted on breeding grounds in North America to 

observe productivity and landscape level assessments (Briggs et al. 2011 and Nishida et 

al. 2013).  Studies conducted by Briggs et al. (2011) and Nishida et al. (2013) 

demonstrated the reproductive potential of Swainson’s hawks in Arizona and California, 

which is crucial to understanding the population dynamics of the species.  Understanding 

reproduction is an important component to the overall knowledge of a species, but 

conducting nest surveys only on certain breeding grounds may not be representative of 

Swainson’s hawks in other regions of North America.  To understand how nesting 
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success and productivity may vary between regions, studies should be conducted on 

nesting Swainson’s hawks in other sections of their breeding range.  A number of studies 

on the breeding grounds have investigated prey accessibility and potential influences on 

the species from man-made disturbance.  Swainson’s hawks in Texas and California were 

observed following harvesters or mowers in response to the increased prey accessibility 

experienced post-harvest (Swolgaard et al. 2008, Littlefield and Johnson 2013).  In 

another study on the breeding grounds, moderate cultivation even appeared to have 

positive impacts on Swainson’s hawk populations (Schmutz 1989).  Therefore, 

Swainson’s hawks show tolerance to some forms of human disturbance, but it is unclear 

how future human caused disturbance such as wind energy developments will impact the 

species.  However, relatively few, if any, studies have investigated Swainson’s hawk 

potential risk for collisions within their breeding home ranges.  In addition, within their 

breeding range, it is not understood what influence, if any, that wind turbines will have 

on the reproductive rates or nest success of Swainson’s hawks.  Nesting areas that 

overlap with wind turbine developments may be affected by this disturbance, resulting in 

decreased productivity.  If hawks have lower reproductive success around wind energy 

facilities, this may indicate that wind turbines are negatively impacting the nesting 

success of Swainson’s hawks.   

By understanding how Swainson’s hawks are utilizing areas of land on the 

breeding grounds, potential conflicts with wind energy developments in these areas can 

be discerned.  In addition, areas that are utilized by Swainson’s hawks that already 
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contain wind turbines (i.e. breeding grounds) can be analyzed to determine the potential 

risk of Swainson’s hawks experiencing turbine collisions on their breeding home ranges.  

Methods 

Nest Searches and Nest Checks 

 We searched for and located Swainson’s hawk nests in our study area within 

Carson and Potter counties during the 2013 and 2014 breeding seasons.  Carson and 

Potter counties are in the Southern High Plains region of Texas which is dominated by 

row crop agriculture.  Snags and trees are dispersed throughout the landscape, including 

the exotic Siberian elm (Ulmus pumila), usually within pastures and agricultural fields.  

Stick nests may be found in these trees through close observation, and when we found a 

stick nest we noted it for future monitoring.   

Swainson’s hawk nests were found in the study area using two different methods.  

The first method was to monitor previously identified Swainson’s hawk nests using 

information from previous years (J. Walker, pers. com.).  The second method was 

surveying from unpaved and paved roads within the study area to examine live trees and 

snags for stick nests during the winter when leaves were off trees.  The locations of all 

stick nests found were recorded with a Garmin GPS unit.  We then monitored these stick 

nests for use in April when the hawks were returning from their wintering grounds.  

During monitoring we also followed up sightings of Swainson’s hawks that appeared to 

be engaged in nest building activities (e.g. perching together, carrying sticks, etc.) to 

locate new nesting sites.  We checked all known and suspected Swainson’s hawk nests 

every 6 to 10 days (barring unforeseen events such as bad weather).  During each nest 
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check, we recorded if the nest was occupied by Swainson’s hawks, if there was an adult 

Swainson’s hawk on the nest, and if there were adult Swainson’s hawks nearby.  If a nest 

was suspected to be inactive, it was still checked at least 3 consecutive times to confirm 

the status.    

 We determined number of young in the nests by visually inspecting the nests and 

counting the number of nestlings seen.  We counted fledglings in a similar manner, and 

fledgling status was determined based on the feathering of the young.  Once the 

fledglings reached 80% of maturity (Steenhof and Kochert 1982), we considered the nest 

to be successful.   

Nest Analysis 

We mapped nest locations for Swainson’s hawks in ArcGIS 10.1 and overlaid 

them with wind turbine development locations obtained from the United States 

Geological Survey (USGS).  In order to obtain this imagery from the USGS, we 

downloaded the tabular data set DS-817 for wind energy from the USGS data series.  We 

estimated nest success and reproductive output for each nest using known fate analysis in 

Program MARK (Gary White, Colorado State University, Fort Collins, Colorado).  We 

input data in Program MARK and used the number of nestlings, number of fledglings, 

and the distance to turbine from the nest as covariates.  However, we could not use the 

Program MARK output for testing on nest data due to perfect fit skewing the results.  

Therefore, we conducted additional data analyses using linear regression and Poisson 

distributions in Program R to assess the possible relationships between the number of 

young in a nest and the distance of the nest to the nearest turbine.  We considered 
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individual nests in the context of distance from nest to nearest wind turbine for these 

tests. Linear models were executed in the context of success versus failure while the 

Poisson models were executed in the context of categories that were assigned for number 

of nestlings and number of fledglings.  These models were run using the number of 

nestlings and the number of fledglings in relation to the nearest wind turbine to detect any 

potential influences the turbines were having on nest success or productivity (Table 3.1).  

If nests that failed or had lower reproductive output were found to be disproportionately 

more frequent near wind turbine developments, this would suggest that these 

developments may have some influential, but previously unidentified, effect on 

Swainson’s hawk nesting ecology.    

Turbine Analysis within Home Ranges 

We obtained imagery of North America from satellite resources (ESRI online) in 

order to analyze the breeding home ranges of Swainson’s hawks.  We placed satellite 

imagery into ArcGIS version 10.1 (Earth Systems Research Institute Inc., Redlands, CA) 

to use as a base map for home range analysis.  We then parsed out location data for each 

hawk during the breeding season.  We calculated breeding season home ranges for 

Swainson’s hawks in our study by using Brownian Bridge home range analysis with the 

adehabitatHR package (Calenge 2006) in Program R.  We used this package to create 75, 

90, 95, and 99 percent contours of the home range location data.  These contours were 

then exported, using the writeOGR function in R, into ArcGIS over the base map to 

determine the number of Swainson’s hawk home ranges that intersected wind energy 

facilities.  We then overlaid known wind turbine location points obtained from the USGS 
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and other online resources onto the home range map to determine the proximity of the 

home ranges to wind turbine developments.  To determine risk of encountering wind 

facilities, buffer zones were created around wind turbines at set distances that were based 

off the work of Farmer et al. (2010). Farmer et al. (2010) used buffer zones to determine 

the intersections between migratory pathways of ospreys and bird watching sites.  This 

allowed them to determine the detectability of osprey with satellite transmitters at watch 

sites.  In a similar way, we used buffer zones to analyze the intersections of Swainson’s 

hawk home ranges with wind farm developments.  We placed low (3 km), moderate (1.5 

km), and high (100 m) encounter risk buffers around the wind farm developments to 

determine the potential of Swainson’s hawks venturing into a wind turbine field within its 

home range.  We conducted home range analysis on 15 home ranges where hawks were 

known to be central place foraging.  Animals that carry food and other resources back to 

a nest site or particular area are defined as central place foragers (Bell 1990).  In this 

study, we used home ranges for analysis for hawks where nests were confirmed.  Our 

analysis focused on the 95% contour for home ranges.   

Results 

Productivity and Nest Success 

 Active nests ranged from 0.37 to 28 km from the nearest wind turbine.  We were 

unable to detect any relationship between wind turbines and success or productivity of 

nesting Swainson’s hawk.  For the linear models, we were only able to test the number of 

nestlings in relation to the distance to the nearest wind turbine in kilometers.  We were 

unable to test the number of fledglings in relation to the nearest wind turbine because we 
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had so few nest failures this season that this model created a perfect fit line.  The linear 

model for number of nestlings compared to the distance to the nearest wind turbine did 

not show any relationship between the success or failure of nests and the distance to the 

nearest turbine (P = 0.63).  The Poisson model to assess the number of nestlings in 

relation to the nearest wind turbine showed a similar result to the linear model assessing 

nest success suggesting that there was no influence of distance to wind turbines on the 

number of nestlings produced at nests (P = 0.99).  The Poisson model of fledglings 

compared to the distance to the nearest turbine also did not show significance which 

indicates that there is no relationship between the distance to the nearest turbine and the 

number of fledglings produced at a nest (P = 0.97).  Ultimately, we found no evidence of 

wind turbines influencing Swainson’s hawk nest success or productivity. 

 We monitored 13 Swainson’s hawk nests in the 2013 breeding season and 19 

nests during the 2014 breeding season.  The number of nestlings per nesting attempt was 

1.46(±0.78) during the 2013 breeding season (Table 3.2).  The number of young per 

nesting attempt was 1.53(±0.77) during the 2014 breeding season.  The number of 

fledglings per nesting attempt was 1.00(±0.82) in 2013 and 1.21(±0.79) in the 2014 

breeding season.  During both the 2013 and 2014 breeding seasons, there were 1.44 

fledglings per successful nest.  The percent of success for Swainson’s hawk nests for 

2013 and 2014 was 69% and 84%, respectively.   

Home Range Analysis 

 We determined that 13 out of 15 tagged birds (87%) had home ranges that 

overlapped with wind energy facilities.  Of the 13 home ranges that included wind energy 
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facilities, those facilities occupied an average of 10%(±24%) of the home ranges (Table 

3.3).  Average home range size was calculated to be 13,611(±18,935) km
2
.   

Discussion 

Nests and Wind Energy 

 Previous studies have investigated nesting ecology of Swainson’s hawks in 

different regions of the United States (Gilmer and Stewart 1984, Briggs et al. 2011, 

Nishida et al. 2013).  However, few of these studies endeavored to relate nest success or 

productivity to wind energy development.  The main concern that warrants studying wind 

energy impacts on breeding birds is the risk of displacement (Drewitt and Langston 

2006).  In our study, we utilized nesting data to determine whether a relationship exists 

between nest success and productivity and distance to wind turbines.  We found no 

relationship between Swainson’s hawk nesting success or productivity and the distance to 

a wind turbine on the landscape.  This indicates that the presence of wind turbines on the 

landscape did not influence Swainson’s hawk reproduction on the study area.  In support 

of this, Drewitt and Langston (2006) noted that other studies have seen an apparent lack 

of an effect of wind turbines on breeding birds.  However, this may be a result of most of 

these studies being conducted on long-lived birds where the impacts may actually be 

masked until new recruits supplant pairs that are currently breeding (Drewitt and 

Langston 2006).  Leddy et al. (1999) studied nesting passerines in relation to wind 

turbine placement on the landscape and found that wind turbines may have disturbed 

nesting birds due to the amount of human movement and physical turbine movement that 

is associated with a wind energy facility.  This indicates wind turbines may influence 
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some bird species through displacement, but that these impacts may be more evident for 

smaller, shorter lived species.  The lack of a trend between the results of studies 

conducted on passerines and on longer lived species such as raptors may be explained in 

two ways.  The first is that passerines and raptors are impacted differently by wind 

turbine facilities and that shorter lived species are more susceptible to displacement from 

wind energy facilities.  The second explanation is that passerines and raptors experience 

similar influences from wind turbine facilities; however, due to the long lived nature of 

raptors, these influences are masked until new recruits enter the breeding population.  

Further research across multiple years on nesting success and reproduction of Swainson’s 

hawks in proximity to wind energy centers may clarify the true impacts, if any, of wind 

energy on the species.   

 Nesting success for Swainson’s hawks has been analyzed in several regions of the 

United States including Arizona (Nishida et al. 2013) and California (Briggs et al. 2011).  

Our study is one of the first to assess nesting ecology on the Texas Southern High Plains.  

We found that 69% of nests were successful in 2013 and 84% of nests were successful in 

the 2014 breeding season.  This was substantively higher than the 44-58% calculated in 

those other studies (see Nishida et al. 2013).  However, we did not conduct Mayfield nest 

success estimates due to a lack of information on 2013 nesting attempts; rather, we 

calculated the raw percentage of those nests that succeeded out of the total nests 

monitored.  This makes it difficult to compare these different success rates.  We found 

the number of young per nest attempt was slightly higher in 2014 at 1.53 young 

compared to 1.46 young in the 2013 breeding season.  The number of fledglings per 
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nesting attempt was also slightly higher in 2014 compared to the 2013 breeding season.  

An average of 1.21 fledglings per nest attempt was calculated for 2014 nests, and an 

average of 1.00 fledglings per nest attempts was calculated for 2013 nests.  This trend 

might be explained by the greater number of nests that were found and monitored during 

the 2014 breeding season.  An increased number of young and fledglings per nest attempt 

during 2014 might also be explained by an increase in precipitation.  The 2013 breeding 

season was part of a drought in Texas and 2014 was the first year that the Southern High 

Plains began to come out of the drought conditions.  Due to increased rainfall, prey might 

have been more readily available or abundant which provided the energy that allowed for 

a greater number of eggs to be laid and in turn, a greater number of young to be 

produced.   

However, these analyses were only conducted in their entirety on one season of 

nesting data.  In order to verify these results, we need to collect more data and rerun these 

models.  Perhaps with additional data, we might be able to detect significant trends that 

we were unable to detect with just a single season of complete nesting data.  

Home Range Analysis 

 We tracked Swainson’s hawks throughout the breeding season and calculated 

home ranges for individuals of 15 hawks across the 2012, 2013, and 2014 breeding 

seasons.  Our results for average home range size were vastly different from other home 

range estimates previously published.  A study conducted by Babcock (1995) estimated 

the average home range for Swainson’s hawks along the Sacramento River was 40.4 km
2
.  

Differences in our results compared to this study may be a result of geographical 
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differences or transmitter type.  Row crop agriculture dominates the landscape where we 

conducted our study which makes generally makes foraging more difficult (Bechard 

1982).  This may also account for differences in our study site home ranges compared to 

other studies.  In addition, we collected many more locations than Babcock (1995) due to 

using GPS transmitters rather than radio transmitters which may have influenced our 

results.  A general trend noticed in these data was that home ranges appeared to be 

somewhat related to season.  While we did not have enough data for all seasons to 

compare home ranges between seasons with statistical tests, we were able to notice the 

general trend of the home ranges getting smaller between years.  From 2012 to 2013 to 

2014, each season appeared to show that home ranges were getting smaller.  We 

speculate that this might be a result of changing precipitation patterns or other factors that 

would influence foraging ability of Swainson’s hawks.  Precipitation data from the 

National Oceanic and Atmospheric Administration (NOAA at the National Weather 

Service Weather Forecast Office, http://www.srh.noaa.gov/ama/?n= yearly_precip) 

indicated an increase in overall average yearly precipitation from 2012 to 2013 from 

12.33 inches to 15.20 inches, respectively.  NOAA did not have data recorded past 2013 

so we obtained rainfall data for 2014 from the City of Amarillo’s website.  Data from the 

city of Amarillo show that average yearly rainfall increased to 19.61 inches in 2014 

compared to previous years.  These data tentatively support the trend of rainfall having an 

influence on home range size.   
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Table 3.1. Number of young and the number of fledglings produced at each Swainson's h 

hawk nest monitored during the 2014 breeding season in relation to nest fate and distance 

to nearest wind turbine in kilometers. Success is indicated with a 0 and failed nests are 

indicated with a 1. 

Nest Name Number Young Number Fledglings Success or Failure 

Distance 

to 

Nearest 

Wind 

Turbine 

(km) 

KING 1 1 0 9.9 

SN2 2 2 0 28.5 

SWHAN3 1 1 0 17.7 

SWHAN4 1 1 0 12.8 

SWHAN5 1 1 0 14.9 

SWHAN10 2 1 0 11.8 

SWHAN11 2 2 0 11.6 

SN21 0 0 1 4.2 

SN23 2 2 0 13.5 

SN25 1 1 0 5.1 

SN27 3 0 1 9.9 

SN28 2 1 0 7.0 

SN30 1 1 0 13.1 

SN31 2 2 0 19.1 

SN33 1 1 0 14.2 

SN34 1 0 1 19.8 

SN35 2 2 0 0.4 

SN36 3 3 0 3.6 

SN37 1 1 0 3.6 

     # Successful Nests 16 

   # Nest Attempts 19 

   # Young 29 

   # Fledglings 23       
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Table 3.2. Reproductive rates of Swainson's hawks for 2013-2014 based on the number 

of young and number of fledglings produced per each nesting attempt and per each 

successful nest. 

Year 

Number 

of Nests 

# Young Per 

Nesting 

Attempt 

# Young Per 

Successful 

Nest 

# Fledglings Per 

Nesting 

Attempt 

# Fledglings 

Per Successful 

Nest 

2013 13 1.46 (0.78) 2.11 (0.44) 1.00 (0.82) 1.44 (0.53) 

2014 19 1.53 (0.77) 1.81 (0.63) 1.21 (0.79) 1.44 (0.63) 
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Table 3.3.  Home range 95% areas for Swainson's hawks that were central place 

foraging with probabilities of hawks encountering wind turbine buffers within their 

home ranges.  

ID 

Breeding 

Season 

95% Home 

Range Area 

Percent Overlap 

with Turbine 

Buffers 

No Risk of Encounter 

in Home Range 

120328 2012 20116 0.02 0.98 

120329 2012 5562 0.05 0.95 

120330 2012 65301 0.01 0.99 

120331 2012 4247 0.01 0.99 

120332 2012 47876 0.02 0.98 

120333 2012 7365 0.04 0.96 

120334 2012 8963 0.04 0.96 

120335 2012 15780 0.04 0.96 

120331 2013 8771 0.03 0.97 

120332 2013 18012 0.03 0.97 

120328 2014 21 0.95 0.05 

120329 2014 112 0.10 0.90 

120331 2014 1857 0.11 0.89 

120332 2014 76 0.00 1.00 

122082 2014 105 0.00 1.00 

MEAN 

 

13611 0.10 0.90 

SD 

 

18935 0.24 0.24 
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CHAPTER IV 

 

PROBABILITY OF SWAINSON’S HAWKS ENCOUNTERING HIGH WIND 

POTENTIAL AREAS DURING MIGRATION  

 

Abstract 

 We used PTTs on Swainson’s hawks (Buteo swainsoni) to monitor their entire 

migration route from their breeding grounds in west Texas to their wintering grounds in 

the Pampas of Argentina.  We were most interested in potential risk from wind energy 

development along the migration route, as this issue had not previously been assessed for 

Swainson’s hawks.  The probability of encountering high wind potential areas on the 

migration landscape was assessed by utilizing tools in Program R and ArcGIS.  We 

established categories of high, moderate and low wind potential using imagery from 

3Tier and ESRI online.  Then, we analyzed differences in wind energy potential at roost 

sites and during mid-day flight.  After conducting several Student’s t-tests, we found 

there is no significant difference between the probability of encountering high wind 

potential areas at roost sites compared to active flight.  In addition, by comparing wind 

potential composition in the landscape to areas utilized during migration we found that 

during migration, Swainson’s hawks are selecting against areas where there is a high 

wind potential, and selecting for areas with low wind potential.  The implication that 

Swainson’s hawks are selecting for low wind potential sites suggests that wind energy 

developments may have a low potential influence on the species, as they are selecting 
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areas with low probability of turbine placement.  Alternatively, Swainson’s hawks may 

be selecting against areas with high wind potential due to existing wind turbine presence.  

We were unable to determine presence of turbines across most of the migration route due 

to lack of available data. However, examination of Swainson’s hawk migration routes in 

context of turbine locations will be an important next step to better understand the 

influence of wind energy development on long distance migrant raptors. these results 

may prove to be representative of similar species.  

Introduction 

Wind energy continues to grow rapidly as an alternate energy source throughout 

the United States and globally.  The capacity to produce wind energy has skyrocketed 

going from almost no wind energy being generated in 1980 to about 11,603 megawatts of 

wind power being generated in 2006 in the United States alone (National Research 

Council 2007).  As wind energy continues to gain traction domestically and abroad, the 

increased number of wind facilities on the landscape has the potential to affect many 

wildlife species including avian species.  By placing wind energy facilities in certain 

areas, we may potentially be increasing the risk of collision for wildlife species.  A study 

conducted by Klaassen et al. (2014) found that three raptor species (osprey [Pandion 

haliaetus] and 2 harrier species [Circus spp.]) experienced greatest rates of mortality 

during migration.  This pattern likely holds true for other long distance migrants such as 

Swainson’s hawks.  Based on mortality rates of raptors during migration and rapid wind 

energy development on the landscape in areas where Swainson’s hawks migrate, we 
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decided to conduct an analysis to assess the risk to Swainson’s hawks due to wind energy 

potential along their migration route. 

Previous studies have not investigated how wind energy developments impact 

Swainson’s hawk populations along their migration routes.  Migration is a significant 

portion of the ecology of many avian species, and the interactions between migrating 

raptors such as Swainson’s hawks and wind energy developments may prove to be 

significant.  For instance, wind energy developments may significantly displace 

migration routes, or these facilities may increase the amount of time that it takes a hawk 

to complete a migration.  Swainson’s hawks travel through Central America following a 

migration route that narrows significantly at the Sierra Oriental Mountains and the 

Isthmus of Panama (Kochert et al. 2011).  Since the entire population of Swainson’s 

hawks is known to fly through this narrow migration corridor en masse, large 

concentrations of hawks are moving through the same area at the same time.  Several 

wind energy facilities are located along this migration route which poses a potential 

collision risk for Swainson’s hawks and other avian species.  Previous studies indicate 

that the risk for avian collisions with wind turbines increases as the concentration of birds 

near turbines increases (Krijgsveld et al. 2009).  Therefore, Swainson’s hawks may be 

more susceptible to wind turbine collisions along their migration route as a result of their 

mass migratory behavior.  Additionally, as wind energy develops, its influence may 

prove to be detrimental to overall raptor species populations (Kulvesky et al. 2007).  

However, despite knowing that wind energy developments are collision risks, it is not yet 

understood what the actual collision threat of wind energy developments is for avian 
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species (Krijgsveld et al. 2009).  By analyzing the placement of current wind turbine 

developments, Swainson’s hawk migratory routes, and altitude of traveling birds, the 

collision risk for Swainson’s hawks and wind energy developments potentially can be 

estimated.  Analyzing the potential collision risk of Swainson’s hawks with wind turbines 

may provide insight into the potentially deleterious impacts of wind energy development 

on the Swainson’s hawk population.   

Methods 

Collision Risk on Migration Route 

We used bal-chatri traps and dho-gaza traps to capture individual Swainson’s 

hawks (Bloom et al. 2007) in the Texas Southern High Plains near Amarillo, Texas. 

Trapping occurred primarily in Carson and Potter counties.  Once a hawk was captured, 

we removed it from the trap as quickly as possible and a falconry hood was placed on the 

hawk. We handled hawks according to established guidelines described by Fuller et al. 

(2005) and by the Texas Tech IACUC protocol (14031-04).  We weighed and collected 

standard morphological measurements for each Swainson’s hawk that was captured, and 

determined gender based on weight and wing cord measurements (Kochert and McKinley 

2008).  We placed a uniquely numbered band issued by the U.S. Geological Survey Bird 

Banding Laboratory on one leg, and banded the other leg with a blue colored aluminum 

band with a silver alphanumeric code that was visible through binoculars or spotting 

scopes. This allows for visual identification of individual birds.  We attached platform 

transmitter terminals (PTTs, Microwave Telemetry, Inc., Columbia, Maryland) to 

captured Swainson’s hawks using Teflon ribbon with a backpack style harness 
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attachment (Fuller et al. 2005).  The average weight of a PTT transmitter is about 23 

grams and our federal permits allowed for a total weight of the transmitter and backpack 

harness to be less than 4% of the total body weight of a Swainson’s hawk; therefore, we 

did not attach transmitters to hawks that weighed less than 550 grams.  The Argos 

satellite system approximated the locations of PTTs, and we had each unit programmed 

to record locations of the birds a set number of times a day (8 to 12 based on time of 

year).  We then downloaded and analyzed information from the Argos website weekly.  

Migration locations were added into ArcGIS to assess potential collision threats 

along the Swainson’s hawk migration route.  We input data from each bird into the 

software and overlaid it with known wind turbine development locations in the United 

States.  We obtained a wind potential map from Vaisala 3TIER and loaded it into ArcGIS 

to get information about possible wind energy development across North, Central, and 

South America.  Using the 3TIER map and maps from the International Renewable 

Energy Agency as references, areas of high, moderate, and low wind potential were 

created using the polygon feature in ArcGIS.  The wind potential categories were created 

based off the reference materials that created maps of average wind speed at 80 meters 

above the ground.  These maps had different colors that designated different wind speeds.  

Any area with a wind speed less than 4.2 meters per second was included in the low wind 

potential category, areas with wind speeds ranging from 4.2 to 6 meters per second were 

placed in the moderate category, and areas with wind speeds greater than 6 meters per 

second we designated as having high wind potential.  We used ArcGIS to create polygon 

of wind potential covering the geographic span from Texas to Argentina.  We developed 
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two methods for estimating the risk of Swainson’s hawks encountering different wind 

potentials along their migration route.  The first method was comparing roost to mid-day 

(active flight) locations to determine if Swainson’s hawks used areas of greater wind 

potential when they were at roost sites.  The second method involved determining 

whether Swainson’s hawks were selecting for or against areas with higher wind potential 

which were indicators for high collision risk.  We compared wind potential percent 

composition in the utilization distributions to the percent composition of the landscape 

where migration paths were known to travel.  We were then able to discern whether 

Swainson’s hawks were selecting for or against particular wind potential categories.      

Swainson’s hawk locations during migration were overlaid with the 3 different 

wind potential categories to determine the percent of points that fell in each wind energy 

category.  We were particularly interested in the percent of points that fell in the high 

wind potential category for each hawk because these are areas that are most likely to 

contain and continue to expand on wind energy facilities.  We used areas of high wind 

potential as an index for higher potential of collision because areas that have high to 

moderate wind potential likely have a greater number of wind energy facilities.  We 

conducted separate analyses on the number of points that fell in each wind potential 

category for roost locations and for mid-day locations in order to detect potential 

differences in use of high wind potential areas.  To compare the risk of encountering high 

wind potential areas between mid-day locations and roost locations, we conducted a 

series of t-tests.   
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Movement ecologists have developed packages and models in Program R to deal 

with the different behaviors and movements that are exhibited by a variety of wildlife 

species fitted with GPS tracking devices.  One of these models is called the Brownian 

bridge movement model (BBMM).  This method of analyzing GPS data creates 

utilization distributions based off paths of movement and can handle a high volume of 

data; however, this model does not account for behavioral changes in animals.  A 

different package called the dynamic Brownian bridge movement model was developed 

to try and improve upon the existing BBMM model.  The dynamic Brownian bridge 

model (dBBMM) has been demonstrated to perform better at generating utilization 

distributions from animal location data (Kranstauber et al. 2012).  In addition, dBBMM 

results showed a degree of uncertainty when calculating paths between locations for 

migration which is a more realistic representation of animal movement.  The dBBMM 

accounted for behavioral changes as well which makes this a more useful tool for animal 

movement.  Due to the benefits of dBBMM mentioned above and the fact that we were 

analyzing the movement of Swainson’s hawks during migration, we decided to utilize the 

move package in Program R which contains the dBBMM to conduct collision risk 

analysis.   

 We used Program R and the move package (Kranstauber and Smolla 2014) within 

Program R to create dynamic Brownian Bridge movement models (dBBMM).  To 

conduct dBBMM analysis, we first had to determine the wind potential that occurs along 

the migration route (see above).  We used wind potential as an index for risk of collision 

because areas that have high to moderate wind potential likely are experiencing the most 
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rapid wind energy development.  Therefore, in high to moderate wind potential areas, 

Swainson’s hawks have a greater probability of collision.  Once we collected the dataset 

for wind potential, we input Swainson’s hawk migration data for the dBBMM into an 

online database for animal tracking called Movebank.  Utilizing the features in this online 

database, we converted our data into the proper format for use within the move package 

in Program R.  We downloaded the information out of Movebank and created files for 

use in Program R which were run through the move package to create dBBMM contours.  

We exported these contours into ArcGIS and converted them from polyline shapefiles 

into polygon shapefiles.  We then used the contours overlaid with the different wind 

potential categories to determine the percent overlap of the utilization distribution, which 

is generated by the dBBMM, with all 3 wind potential categories.  This told us the 

percent composition of high, moderate, and low potential risk within the contours, but we 

wanted to know if Swainson’s hawks were selecting for or against areas with higher wind 

potential.  To accomplish this, we needed not only the percentages of the different wind 

potential categories in the utilization distribution, but we also needed the percentages of 

the different wind potential categories in the available landscape along the migration 

route.  We input all of the migration routes into ArcGIS, and we drew a polygon around 

the geographical area that the Swainson’s hawks traveled along during migration.  We 

calculated the area of this polygon to create the “landscape” that was available to 

Swainson’s hawks during migration.  We overlaid the landscape polygon with the 3 wind 

potential categories to determine the percent composition of wind potential on the 

landscape.  We then conducted a series of t-tests to compare the percent composition of 
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the wind potential categories within the contours to the landscape.  All 3 of the 50% 

contour compositions had to be transformed as a result of these data not being normally 

distributed.  We had to log transform the composition of the 50% contour for the high 

wind potential category.  The percent compositions of the 50% contours for the moderate 

and low wind potential categories were transformed using the arcsine square root 

transformation prior to analyzing data.  None of the 95% contours had to be transformed 

to account for non-normal distributions.  By comparing the percent composition of the 

wind potential of the landscape to the percent composition of the wind potential in the 

utilization distributions (contours), we were able to determine whether Swainson’s hawks 

were selecting for or against areas with high wind potential.  

Results 

Collision Risk for Roost and Mid-day Locations 

In the summer of 2012 and 2013, we attached Platform Transmitter Terminals (PTT) to 

male and female Swainson’s hawks.  In 2012, we place 8 transmitters on males and 4 

transmitters on female hawks.  In 2013, we place 6 transmitters on males and 6 

transmitters on females.  We monitored these hawks for 6 migrations consisting of 3 fall 

migrations and 3 spring migrations.  The number of hawks monitored during each 

migration was dependent on the number of PTTs that were functioning during that 

season.  A total of 73 migrations were monitored across the 6 migration seasons. Twelve 

individuals were monitored in fall 2012 and the 2013 spring migration, 20 hawks were 

monitored during fall 2013, 13 were monitored in spring 2014, and 14 hawks were 

monitored in fall 2014 and the 2015 spring migration. 
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We compared the number and percent of roost and mid-day locations that fell in 

the high wind potential category for 6 migrations.  For the roost locations, the average 

percent of points that fell in the high wind potential category ranged from 17 to 22% 

which was similar than the range of percents for the mid-day locations.  Average percent 

of mid-day locations that occurred in the high wind potential category was 16 to 20%.  

When we conducted a series of t-tests between the roost and mid-day location data, none 

of the p-values were significant (Table 4.1).  We also compared roost and mid-day 

locations graphically to visualize our results.  We graphed roost and mid-day locations 

versus migration number and found that the linear equations for the roost and mid-day 

location categories were very close (Figure 4.1).  We then graphed the roost locations 

versus the mid-day locations and found that birds that were in higher potential risk areas 

during the mid-day were likely to stay in higher risk areas when they came down to roost 

(Figure 4.2).  Based off these analyses, we found no difference in roost and mid-day 

locations in relation to the high wind potential category.   

Collision Risk on the Migration Route Versus the Landscape 

We conducted dBBMM analysis on the 6 migrations that we recorded from 

tagged Swainson’s hawks in order to determine the potential risk for collision along their 

migration route.  The landscape had 18% of its area in the high wind potential category, 

46% in the moderate wind potential category, and 35% in the low wind potential category 

(Table 4.2).  The mean percent composition of the contours for high category was 16% 

for the 50% contour and 17% for the 95% contour.  For the moderate category, mean 

percent composition for the 50% contour was 35% and 36% for the 95% contour.  The 



 
Texas Tech University, Laurie Groen, December 2015 

60 

 

low category mean percent composition was 46% for the 50% contour and 40% for the 

95% contour.  We conducted a series of t-tests using this information.  We determined 

that the wind potential percent composition results for the contours were significantly 

different than the wind potential percent composition of the landscape for all but one 

category.  Both the 50% and the 95% contours for the moderate and low wind potential 

categories had significantly different compositions from what would be expected based 

on the percent composition of the landscape.  For the high category, the 50% contour 

showed a significant difference in composition from the landscape, but the 95% contour 

did not show a difference in utilization of high wind potential areas when compared to 

the landscape composition.  Based off the composition of the 95% contour in the high 

category, Swainson’s hawks were utilizing these areas at about the rate that would be 

expected based off the landscape.  Our analyses show that Swainson’s hawks are 

selecting against moderate wind potential category areas and are selecting for low wind 

potential category areas.  Swainson’s hawks also appear to select against the high wind 

potential category at the 50% contour level while they use high wind potential category 

areas as expected for the 95% contour level.    

Discussion 

Encounter Risk for Roost and Mid-day Locations 

 We found no difference between the potential risk of collision at roost locations 

versus mid-day (active flight) locations.  We knew from our dataset that during active 

flight Swainson’s hawks were flying far above the maximum height for a wind turbine, 

but we also knew that during the night, Swainson’s hawks come down closer to the 
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ground to roost.  This is where we suspected that the potential risk for collision would be 

greater.  Therefore, we compared active flight to roost locations to see if potential risk 

was higher at roost sites where Swainson’s hawks were more likely to encounter wind 

turbines.  Based on our analysis, despite the fact that Swainson’s hawk roost sites are in 

closer altitudinal proximity to potential wind turbines, the potential risk for collision is no 

different than the mid-day locations where Swainson’s hawks are at minimal to no risk.  

This lack of difference between roost site and mid-day collision risk indicates that 

Swainson’s hawks do not face significantly higher potential for collision at roost 

locations.  However, using wind potential is only one component to determining the 

overall risk of collision at these roost sites.  The layout of the wind facility itself, lighting 

in the wind facility, and a host of other variables also play a role in determining the 

overall risk of collision (Drewitt and Langston 2006).  However, conducting our analyses 

using wind potential gives insight to the probable risks that Swainson’s hawks will face at 

roost sites if wind energy is further developed.   

Encounter Risk on the Migration Route versus the Landscape 

 Our analyses for collision risk for Swainson’s hawks along their migration route 

indicate that these hawks are selecting against areas that pose a higher potential for 

collision risk.  Based off our overall results, Swainson’s hawks are selecting against high 

and moderate wind potential category areas and are selecting for low wind potential 

category areas.  There are two main explanations that we believe may describe the 

selection for low wind potential category areas.  The first is that the areas that Swainson’s 

hawks are utilizing the most along the migration route are roost sites which may represent 
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a greater proportion of the utilization distribution.  If the dBBMM is mainly picking up 

roost sites, then the selection for lower wind potential areas may be an artifact of where 

roost sites are located.  Another possible explanation for Swainson’s hawks selecting 

against high wind potential areas, while selecting for low wind potential areas, is that 

these hawks are avoiding existing, but unknown to us, wind energy facilities.  Drewitt 

and Langston (2006) noted that birds may be affected by wind energy facilities through 

displacement.  Hawks and other avian species potentially experience displacement from 

wind energy facilities by making alterations to their migration routes to avoid wind 

turbines (Drewitt and Langston 2006).  High and moderate wind potential categories 

contain some wind energy facilities already and are prime areas for locating additional 

wind energy developments.  Therefore, Swainson’s hawks may have altered their routes 

to avoid these obstacles on the landscape.  Altered routes may result in additional energy 

expenditures for Swainson’s hawks during migration resulting in their arrival on the 

breeding and wintering grounds in poorer condition.  Swainson’s hawks arriving in poor 

condition to the breeding grounds may translate to lower reproductive rates.  If 

Swainson’s hawks are being displaced during migration by these wind energy facilities, 

then it follows that other similar species such as broad-winged hawks (Buteo platypterus) 

likely are experiencing the same type of displacement (Haines et al. 2003).  
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Table 4.1. Comparison using t-tests of the mean number and percentage of points that 

fell in the high wind potential category for roost and mid-day locations. N is number 

of individuals. 

     Roost Locations   Mid-day Locations   

  

Season  n 

Mean 

Number of 

Points in 

High Wind 

Potential 

Mean 

Percentag

e of Points 

in High 

Wind 

Potential   

Mean 

Number 

of Points 

in High 

Wind 

Potential 

Mean 

Percentag

e of Points 

in High 

Wind 

Potential   

P-

Value 

 

Fall 2012 

1

2 8.00 (2.59) 

0.18 

(0.06) 

 

7.75 

(3.33) 

0.18 

(0.07) 

 

0.78 

 Spring 

2013 

1

2 

10.08 

(5.74) 

0.21 

(0.10) 

 

9.08 

(6.08) 

0.19 

(0.10) 

 

0.15 

 

Fall 2014 

2

0 8.45 (2.91) 

0.18 

(0.07) 

 

8.15 

(2.54) 

0.18 

(0.06) 

 

0.75 

 Spring 

2014 

1

3 9.43 (4.45) 

0.22 

(0.09) 

 

8.50 

(3.32) 

0.20 

(0.07) 

 

0.23 

 

Fall 2014 

1

0 9.70 (2.26) 

0.21 

(0.05) 

 

9.30 

(1.64) 

0.20 

(0.03) 

 

0.51 

 Spring 

2015 

1

0 7.70 (2.21) 

0.17 

(0.06)   

7.40 

(2.32) 

0.16 

(0.04)    0.75 
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Table 4.2. Comparison of percent area occupied by high, moderate, and low wind 

potential categories within the landscape and within dynamic Brownian bridge movement 

model contours. 

  

Percent Area of 

Wind Potential 

Category Available 

in Landscape 

Mean Percent 

Area of Wind 

Potential 

Category in 

Contour t Value P-Value 

High 

    50 %  dBBMM Contour 0.18 0.16 -5.68 <0.0001 

95 %  dBBMM Contour 0.18 0.17 -0.43 0.66 

     Moderate 

    50 %  dBBMM Contour 0.46 0.35 -4.30 <0.0001 

95 %  dBBMM Contour 0.46 0.36 -7.31 <0.0001 

     Low 

    50 %  dBBMM Contour 0.35 0.46 2.67 0.0094 

95 %  dBBMM Contour 0.35 0.40 2.86 0.0054 
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Figure 4.1. Comparison of roost and mid-day migration locations to the individual 

migration number with linear trend lines for the roost and mid-day location 

categories.   
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Figure 4.2. Comparison of the percent of points for roost and mid-day locations that 

occurred in the high wind potential category during the same migration.  
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