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CHAPTER I 

GENERAL INTRODUCTION 

 

The Great Plains region of North America has been and continues to be one of the 

most human-altered landscapes on the continent (Samson et al. 2004).  The combination 

of agricultural cultivation, urban and suburban development, and land management 

practices such as the introduction of exotic species, removal of native grazing species, 

and fire suppression has resulted in an estimated 69.9% loss of the short, mixed, and tall 

grass prairie ecosystems (Samson et al. 2004).  Inevitably, many of the wildlife species 

dependent on these habitats, such as the mountain plover (Charadrius montanus), horned 

lark (Eremophila alpestris) (Peterjohn and Sauer 1999), bison (Bison bison), and black-

footed ferret (Mustela nigripes) (Brown 1947), have experienced population declines or 

regional extirpations. 

Among the many grassland species of concern, the ferruginous hawk (Buteo 

regalis) and the Swainson's hawk (B. swainsoni) are of particular concern because of the 

high trophic level status, low reproductive and first year survival rates, and ensuing low 

population density of raptorial birds (Newton 1979, Schmutz and Fyfe 1987, Olsen 

1995).  Both species have experienced population declines due primarily to habitat loss, 

and both are listed as species of concern or threatened in most states they reside in 

(Schmutz and Fyfe 1987, Bechard and Schmutz 1995, England et al. 1997, Houston and 

Schmutz 1995).  Furthermore, these species are sympatric throughout much of their 

breeding distributions.  However, the manner in which these ecologically similar species 

 1



co-exist is not well understood, especially near the southern extent of their sympatric 

breeding distribution. 

The primary objective of this study was to quantify and compare the breeding 

season diets of the ferruginous hawk and Swainson's hawk populations nesting in a short-

grass prairie and agricultural region of the Southern Great Plains.  I used video-

monitoring systems to collect dietary data at ferruginous hawk and Swainson's hawk 

nests in Dallam County, Texas, Cimmaron County, Oklahoma, and Union County, New 

Mexico during the breeding seasons of 2003 and 2004.  The resulting data provided for 

analyses of prey species diversity, importance of individual prey species, inter-specific 

dietary breadth and overlap, and various inter-specific prey delivery and nestling 

provisioning rates.  Conclusions made from these analyses will facilitate development of 

management and conservation strategies for ferruginous hawks, Swainson's hawks, and 

their prey resources. 
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CHAPTER II 

PROJECT SUMMARY AND LITERATURE REVIEW 

 

Abstract

I collected diet data at ferruginous hawk and Swainson's hawk nests in the 

northwest Texas panhandle, the southwest Oklahoma panhandle, and northeast New 

Mexico during the 2003 and 2004 breeding seasons.  I used video recording systems to 

document 959 ferruginous hawk prey deliveries and 1,058 Swainson's hawk prey 

deliveries during approximately 5,618 hours of video monitoring at 26 nests. 

The primary prey (n = 4 species ≥ 4.5% total biomass) delivered by ferruginous 

hawks were black-tailed prairie dogs (Cynomys ludovicianus; 29.9%), black-tailed 

jackrabbits (Lepus californicus; 15.8%), cottontails (Sylvilagus spp.; 14.4%), and pocket 

gophers (Geomys bursarius and Cratogeomys castanops; 10.9%).  The primary prey (n = 

8 species ≥ 3.3% total biomass) delivered by Swainson's hawks were cottontails 

(Sylvilagus spp.; 32.4%), pocket gophers (Geomys bursarius and Cratogeomys 

castanops; 9.8%), black-tailed jackrabbits (Lepus californicus; 8.5%) bull snakes 

(Pituophis melanoleucus sayi; 8.2%), southern plains woodrats (Neotoma micropus; 

4.9%), thirteen-lined ground squirrels (Spermophilus tridecemlineatus; 4.8%), hispid 

cotton rats (Sigmodon hispidus; 3.8%), and western coach whips (Masticophis flagellum 

testaceus; 3.6%). 

Swainson’s hawks delivered significantly more primary prey items than 

ferruginous hawks (P = 0.003).  However, Smith’s Measure of Niche Breadth did not 
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indicate different dietary breadth measures (P = 0.39) for the ferruginous hawk (FT = 

0.86) and the Swainson’s hawk (FT = 0.88).  The Simplified Morisita Index (CH) for 

Niche Overlap indicated an inter-specific dietary overlap of 0.31 in terms of prey species 

used, and 0.56 in terms of prey species biomass contribution. 

Ferruginous hawks delivered 4.6 deliveries/day at 480 grams/delivery for a 

nestling provisioning rate of 670 grams/nestling/day.  In contrast, Swainson's hawks 

delivered 7.0 deliveries/day at 147 grams/delivery for a nestling provisioning rate of 401 

grams/nestling/day, and this was significantly less than that of ferruginous hawks (P < 

0.001). 

 

Introduction 

Food and feeding habits are among the most fundamental components of animal 

ecology and provide the foundation for more specialized research that may follow 

(Errington 1935).  Initial studies of raptor diets were aimed at assessing impacts of 

depredation on game species and livestock (Errington 1930).  More contemporary studies 

of raptor diets provide information on raptor niches in relation to community structure, 

and also on the availability and distribution of prey species (Johnson 1981, Marti 1987).  

Prey availability can be a primary limiting factor for raptors (Newton 1979, Schmutz and 

Hungle 1989, Woffinden and Murphy 1989, Cully 1991, Newton 1998), and the prey and 

hunting techniques of raptor species have profound influences on all aspects of their life 

history and ecology, including population density and distribution, breeding performance, 

 4



and mortality (Olsen 1995).  Therefore, understanding food habits is critical for raptor 

conservation planning. 

Despite the importance of diet information, direct measures of diets are rarely 

attempted (Rosenberg and Cooper 1990) and those that are often prove timely and 

expensive (Marti 1987).  Most studies of raptor diets have used indirect methods of 

inference such as caste and prey remain analysis which can provide accurate diet data for 

owls but are less accurate for most diurnal birds of prey (Cummings et al. 1976, Lewis 

2001).  Using only indirect methods often produces biased data, especially when 

comparing different classes of prey such as Aves and Mammalia (Collopy 1983, 

Rosenberg 1990, Simmons 1991, Bielefeldt et al. 1992, Boal and Mannan 1994, 

Rosenfield 1995).  Combined techniques, including prey remain and caste analysis and 

direct observation of prey deliveries, have produced more accurate results (Collopy 1983, 

Mersmann et al. 1992).  Direct observation of prey deliveries (e.g., from a blind) 

produces the most accurate dietary data but also requires large labor and time 

commitments and is generally limited to small sample sizes of nests (Collopy 1983, Marti 

1987, Lewis 2001). 

More recently, video-recording systems have been successfully used to assess the 

diets of diurnal and nocturnal raptors (Delaney et al. 1998, Lewis 2001, Booms and 

Fuller 2003, Smithers 2003).  Video recording of the nest has numerous advantages over 

traditional techniques.  Depending on the number of video-recording units available, this 

method is capable of documenting more hours of nest activity at multiple nests 

simultaneously while demanding less labor time.  Cameras, unlike humans in a blind, will 
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not fatigue or lose focus (excepting mechanical problems), and can record data 

continuously through out the day (Booms and Fuller 2003). 

Two of the most commonly used indices of prey importance are the frequency 

and biomass of prey items delivered (Marti 1987).  In addition, the dietary breadth and 

overlap of prey are often calculated for investigations of niche and community ecology 

(Krebs 1999).  Prey frequency is the number of a particular species used divided by the 

total number of prey items.  Analyzing prey frequency alone can misrepresent prey 

species importance in terms of biomass contribution.  Biomass is calculated by 

multiplying the total number of individuals of each prey species by the mean weight of 

that prey (Marti 1987).  For example, ten black-tailed prairie dogs (Cynomys 

ludovicianus) with a mean mass of 801g each will contribute 8,010g of biomass whereas 

100 deer mice (Peromyscus maniculatus) at 24g each will only contribute 2400g.  Thus, 

many smaller items can contribute less biomass than fewer relatively large items.  The 

accuracy of biomass measurements depends on the accuracy of the prey weights used 

(Steenhof 1983).  For example, if a ferruginous hawk is preying disproportionately upon 

more juvenile than adult prairie dogs , then the weight disparity between the two age 

classes must be accounted for to avoid bias when calculating the biomass.  Furthermore, 

direct measurement of the local prey items used will result in the most accurate measure 

of biomass (Steenhof 1983, Marti 1987). 

Taxonomic specificity will also affect diet assessment accuracy.  Greene and 

Jaksic (1983) calculated prey niche breadth and overlap of 16 sets of vertebrate predators 

at two levels of taxonomic specificity.  They determined that the ordinal level prey 
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identification, or OLPI (i.e., less taxonomically specific prey categories grouped into 

classes, orders, or families) consistently underestimates niche breadth and overestimates 

niche overlap.  By using video monitoring to assess diet, prey deliveries can be 

repeatedly scrutinized to maximize accurate taxonomic identification and, therefore, 

result in more accurate estimates of niche breadth and overlap. 

The ferruginous hawk and the Swainson's hawk are sympatric predators that 

inhabit grasslands, shrubsteppes, deserts, and, more recently, agricultural areas (Bechard 

and Schmutz 1995, England et al. 1997).  Both species have experienced population 

declines, primarily due to habitat conversion and degradation (e.g., cultivation of 

grasslands), but also from human persecution such as pesticide poisoning and shooting 

(Schmutz and Fyfe 1987, Bechard and Schmutz 1995, England et al. 1995, Houston and 

Schmutz 1995).  The ferruginous hawk was petitioned for federal listing under the 

Endangered Species Act and was denied (Ure et al. 1991, USFWS 1992), but is currently 

considered a species of concern by the U.S. Fish and Wildlife Service and a sensitive 

species by the U.S. Bureau of Land Management (Bechard and Schmutz 1995).  The 

Swainson's hawk is not ESA-listed but both species receive protection by numerous state 

agencies and federal protection under the Migratory Bird Treaty Act of 1918 (Bechard 

and Schmutz 1995, Gill 1995, England et al. 1997). 

Substantial research has been conducted on coexisting ferruginous and Swainson's 

hawk populations in the northern and western areas of their sympatric distribution.  Much 

of the research investigated resource partitioning, and compared nesting habitat, 

reproductive success, distribution and abundance, diet and responses to prey fluctuations, 
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and responses to anthropogenic activities (Schmutz 1980, Thurow and White 1983, 

Schmutz 1984, Steenhof and Kochert 1985, Schmutz 1987, Schmutz 1989, Cully 1991, 

Restani 1991).  In general, birds most commonly partition resources along habitat 

dimensions, followed by food, then temporal dimensions (Restani 1991).  The studies 

that have addressed resource partitioning within raptor assemblages found evidence for 

partitioning of nesting habitat, and both partitioning and broad overlap of prey items 

(e.g., partitioning of prey by Accipiter and overlap of prey by Buteo) (Schmutz et al. 

1980, Reynolds and Meslow 1984, Schmutz 1984, Restani 1991).  Prey items were 

partitioned according to size, taxa, and temporal availability.  These and other studies 

have also shown correlations between the availability of a primary prey species and the 

productivity and nesting success of the Swainson's hawk and, especially, the ferruginous 

hawk (Schmutz and Hungle 1989, Cully 1991, Smith et al. 1991). 

The ferruginous hawk diet is relatively stenophagus or monotypic compared to 

the more opportunistic generalist foraging habits of the Swainson's hawk (Bechard and 

Schmutz 1995, England et al. 1997).  Lagomorphs (i.e., jackrabbit species) tend to be the 

dominant prey items of the ferruginous hawk west of the continental divide whereas 

ground squirrels and prairie dogs are dominant as prey to the east (Bechard and Schmutz 

1995).  Prairie dogs are an important, if not critical, prey item for migrating and wintering 

ferruginous hawks in Texas and adjacent states (Steenhof and Kochert 1985, Schmutz 

and Fyfe 1987, Cully 1991, Allison et al. 1995, Plumpton and Andersen 1997, 1998).  

Indeed, the availability of prairie dogs appears to have induced wintering ferruginous 

hawks to forage and over-winter in heavily cultivated areas of Texas (Schmutz and Fyfe 
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1987) and fragmented suburban areas of eastern Colorado (Plumpton and Andersen 

1998).  However, the importance of prairie dogs for breeding ferruginous hawks and 

Swainson's hawks has not been evaluated.  Breeding season diets for ferruginous hawks 

in the southern extent of their range are unknown and may depend on a widely distributed 

and abundant prey species as they do in other regions of their range.  The potential use of 

black-tailed prairie dogs or black-tailed prairie dog associated species by Swainson's 

hawks also has not been investigated.  From a conservation perspective, this is important 

information because prairie dogs are subject to extensive eradication efforts throughout 

their range and have experienced an estimated 98% population decline (Kotliar et al. 

1999). 

The ferruginous hawk and Swainson's hawk are species of concern with well-

documented ecological relationships.  In addition, the severely reduced ecosystem type in 

which they persist suggest regional level research is needed to construct sound 

management and conservation policies.  It may be especially beneficial to determine if 

these species can be mutually managed for in the short-grass prairie community or if each 

will require different management strategies. 

 The primary objective of this study was to quantify and compare the breeding 

season diets of the sympatric ferruginous hawk and Swainson's hawk populations on and 

around the Rita Blanca and Kiowa National Grasslands.  More specifically, my objectives 

were to 1) identify the prey species delivered by both hawk species in terms of frequency 

of delivery and biomass contributed, 2) examine inter-specific prey delivery rates, and 

dietary breadth and overlap, and 3) investigate the relationships of brood size with prey 
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delivery frequency and biomass delivered.  Additional objectives included 4) collecting 

morphological data on depredated snake species to obtain biomass estimates, and 5) 

constructing a DVD/VHS educational outreach video of ferruginous hawk and 

Swainson's hawk nest activity for distribution to private landowners and public agencies. 
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CHAPTER III 

METHODS 

 

Study Area 

The study area encompassed the USDA Forest Service Rita Blanca National 

Grasslands (RBNG) in Dallam County, Texas, and southern Cimarron County, 

Oklahoma, and the eastern section of the Kiowa National Grasslands (KNG) in Union 

County, New Mexico, and adjacent private property where access was permitted (36° 20' 

N, 102° 40' W).  This tri-state area is located within what is generally referred to as the 

Southern Great Plains region, with elevations ranging from 1,144m-1,558m.  The 

historical vegetative community type is short-grass prairie, which is the driest of the mid-

continental grassland types (Brown 1947).  Sporadic droughts are a common occurrence 

in the region and the unpredictability of precipitation can cause large local reductions of 

annual forbes and grasses (Samson et al. 2004).  Warm, dry summers and cold, dry 

winters are typical of the study area, with Dallam County receiving an average of 18.6cm 

of precipitation annually, most of it from April-August (National Weather Service 2004). 

Historically, the Southern Great Plains was an unbroken short-grass and mixed-

grass prairie landscape with herds of nomadic bison (Bison bison), millions of acres of 

black-tailed prairie dog towns, and relatively abundant populations of short-grass prairie-

associated species (Brown 1947).  The vegetative community had evolved under the 

influence of natural disturbance regimes including sporadic, extreme droughts, intense 

grazing periods by bison, and lightening-induced wild fires; these ecological drivers 
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became critical components of the life histories for the resident flora and fauna (Samson 

et al. 2004). 

Currently, only 54.9% of the Southern Great Plains short-grass prairie remains 

from historic estimates, a loss of approximately 78,023km2 or 19,279,483 acres (Samson 

et al. 2004).  The advent of mechanical, chemical, and irrigation-dependent agriculture 

throughout the Great Plains, along with fire suppression efforts, over-grazing by 

livestock, and exotic species introduction, has altered the composition and structure of the 

Great Plains prairies (Manning 1995, Samson et al. 2004).  As a result of the dust bowl 

era and decades of poor land management, public and private land allotments have been 

set aside for soil, water, and prairie conservation through state and federal government, 

and non-government organization land incentive and purchase programs (e.g., USDA-

Forest Service Rita Blanca and Kiowa National Grasslands, USDA-NRCS Conservation 

Reserve Program, Grassland Reserve Program, and Wetlands Protection Program). 

The RBNG and eastern KNG consist of various sized tracts of short-grass and 

mixed-grass prairie intermixed with private property.  Altogether, the RBNG and KNG 

contain over 80,937 hectares and are one of the largest public landholdings in Texas.  The 

RBNG and KNG are multi-use managed and support cattle grazing, outdoor recreation, 

and range, wildlife, and watershed research and management (USDA-Forest Service 

2004).  The private property adjacent to the national grasslands supports agricultural 

crops such as irrigated corn and sorghum, a variety of irrigated and dry-farmed wheat 

types, cattle ranching, and various range management and conservation programs (pers. 

obs.) 
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Common grass, forb, shrub, and cacti species include blue grama (Bouteloua 

gracilis), side oats grama (Bouteloua curtipendula), buffalo grass (Buchloe dactyloides), 

western wheatgrass (Pascopyron smithii), silver bluestem (Bothriocloa laguroides), 

various Eriogonum (buckwheat) species, devil's claw (Proboscidea altheaefolia), buffalo 

gourd (Cucurbita foetidissima), plains sunflower (Helianthus petiolaris), scarlet 

globemallow (Sphaeralcea coccinea), Engelmann's daisy (Engelmannia pinnatifada), 

sand sage (Artemisia filifolia), plains yucca (Yucca angustifolia), and many-spined 

opuntia (Opuntia polyacantha) (Brown 1947, Spellenberg 2001, Walls pers. comm.). 

Trees are sparse and consist primarily of crop, road, and residence shelterbelts.  

Tree species include primarily the Siberian elm (Ulmus pumila) and native cottonwoods 

(Populus deltoides).  Less common species include Russian olive (Elaeagnus 

angustifolia), oneseed juniper (Juniperus monosperma), eastern redcedar (Juniperus 

virginiana), and black locust (Robinia psuedoacacia) (Little 2000).  Some of the existing 

trees are dead, standing trees (snags), many of which exhibit terminal damage to the roots 

and trunk from cattle activity (pers. obs.).  This gradual loss of trees as nesting substrates 

promoted the erection of artificial nesting platforms by the USDA Forest Service and the 

Oklahoma Department of Wildlife Conservation (Olendorff 1993, D. Garcia pers. 

comm.). 
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Nest productivity, success, and selection for video monitoring

I obtained historical nesting records from Boal (2001) and Schwarz (2002), and 

located breeding ferruginous hawk and Swainson's hawk nests by visiting historic nest 

sites and conducting road surveys during the courtship and incubation periods for new 

nests (Boal 2001).  I assessed nests for activity from a distance with binoculars and 

spotting scope, and/or with an extendable mirror pole at the immediate nest site.  I 

considered nests to be active if an adult pair was present at the nest site and nest building, 

or if eggs or nestlings were detected (Steenhof 1987).  Upon detection of an active nest, I 

counted the number of eggs, nestlings, or fledglings present, and continued weekly, 

biweekly, or monthly visits to determine nest status and outcome.  In addition to 

estimating raw nest success and productivity, I also estimated nesting success with 

Mayfield estimates (Steenhof 1987). 

I selected nests for video-monitoring as randomly as possible considering 

logistical restraints (i.e., property access and nest accessibility).  I placed emphasis on 

breeding ferruginous hawk nests due to their earlier and more extended nesting periods, 

lower overall population estimates (Olendorff 1993, England et al. 1997), and the 

perception that they no longer nested in Texas (Texas Parks and Wildlife 2000).  In 

addition, ferruginous hawks tend to display a stronger dependence on a primary prey 

species for their breeding season diets (Bechard and Schmutz 1995).  I selected the 

nearest neighboring breeding Swainson's hawk nests for video-monitoring to facilitate 

resource partitioning investigations with breeding ferruginous hawks. 
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Equipment 

The video-recording systems consisted of a weather-resistant, bracket-mounted, 

color video camera (Models CCM660W and OC225, Clover Electronics®, Los Alamitos, 

CA, USA), a 960-hour time-lapse VCR (Model SL800, Security Labs®, Noblesville, IN, 

USA), a 12V DC to 115V AC 140-watt power inverter (Part No. 22-145, Radio Shack®, 

Fort Worth, TX, USA), a 12V DC battery terminal adapter for connecting the batteries to 

the power inverter (Part No. 270-1527, Radio Shack®, Fort Worth, TX, USA), a 6-outlet 

power strip (Part No. SCP15, RCA®, Socorro, TX, USA), and a 13" color television for 

directing the camera and programming the VCR timer during installation.  The video 

systems were powered by two, 12-volt, deep-cycle marine batteries connected in parallel.  

All of the system components were housed in a weather resistant and lockable plastic 

storage bin (approximately 66cm long x 45cm wide x 41cm deep), camouflaged with 

spray paint, and situated directly beneath the nest tree or platform.  I used wood pallets 

for sun breaks over camera bins at nest sites without foliage for shade. 

 

Equipment installation and maintenance 

I installed video systems during the nestling period and at different nest sites the 

second season to increase nest site sample size and spatial coverage.  I moved video 

systems to a new nest site after failure or fledging of the initial video-monitored nest, and 

thus some nest recording periods account for only part of the nesting period.  Partial 

coverage of nesting periods was also a consequence of equipment malfunctions. 

 15



I attached cameras to the nest substrate with the bracket provided.  Camera 

placement proved critical for successful prey identification and depended on the nesting 

substrate structure.  Booms and Fuller (2003) obtained ideal prey images by placing 

cameras 0.5 - 0.7m from the nest at a 30° angle and facing the direction of the adults' 

most commonly used nest approach path.  I followed similar guidelines for tree nests but 

mounted the cameras directly above the nests on the artificial nesting platforms.  I 

directed the camera during installation by viewing a video monitor connected to the 

VCR, and also attempted to point the cameras north when possible to decrease morning 

and evening sunshine glare.  For nests located in trees with adjacent branches less than 

approximately 4 cm in diameter for camera mounting, I attached the camera to a piece of 

lumber, and then attached the lumber piece to a tree limb with an adjustable hose clamp. 

I programmed the VCR's to record from 0630 - 2130 at 72-hour (1.3 frames/second) and 

48-hour (0.8 frames/second) speeds (Smithers 2003).  This allowed recording 3-4 days 

worth of 15-hour daylight intervals on a single tape.  I changed videotapes and batteries 

twice a week to insure continuous coverage of the nests.  However, extra visits were 

often required to address equipment problems (e.g., battery failure and corrosion, 

moisture condensation and fecal material on the cameras, cattle and rodent damage to 

camera cables). 

 

Video footage review and prey analysis 

I analyzed video footage with a 19" color television and a VHS VCR (Model HR-

S3901/3911U, JVC®, Wayne, NJ, USA) with a forward and reverse "jog" function for 

 16



viewing series of scenes at desired speeds.  The data I collected from the footage included 

the date and time of prey deliveries, and, when possible, identification to the species 

level, size (e.g., whole, cranial half, head, hind limbs, etc.), age, and time fed on the prey 

item delivered.  To facilitate delivery rate analyses, I recorded the start and end time and 

date of each videocassette to approximate total minutes, hours, and days of nest activity 

observed, and the number of nestlings present during prey deliveries. 

In all cases I attempted to identify prey items to species.  I classified items not 

identifiable to species to the next most specific level possible.  This included genus, 

family, suborder, or order.  When no image of the item was recorded (e.g., image blocked 

by hawks bodies) I categorized the delivered prey as an unknown.  I assigned 

unidentified birds to the order Passeriformes; unidentified frogs and toads to the order 

Anura; unidentified rodents to order Rodentia; unidentified lizards to the suborder 

Licertilia; and unidentified snakes to the suborder Serpentes (Starr and Taggart 1995). 

Due to range overlaps and lack of distinguishing and conspicuous morphological 

traits, I classified the following species into less specific taxonomic groupings:  eastern 

cottontails (Sylvaligus floridanus) and desert cottontails (S. audubonii) into the genus 

Sylvilagus; yellow-faced pocket gophers (Cratogeomys castanops) and plains pocket 

gophers (Geomys bursarius) into the family Geomyidae (Davis and Schmidly 1994); and 

grasshoppers into the family Acrididae (e.g., the Plains lubber grasshopper, Brachystola 

magna) (Schell et al. 1994). 

Redelivered cached items were rarely observed and could generally be identified 

by the decomposed appearance and darkened color of any exposed internal tissue.  I did 
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not included redelivered cached prey in the species frequency delivery or biomass 

estimates.  The more common source of delivery bias was separate deliveries of different 

appendages from the same prey item.  For instance, a black-tailed jackrabbit or adult 

black-tailed prairie dog was depredated and only the hind limbs, head, or caudal or 

cranial half would be delivered initially, with the other parts delivered later and 

sometimes preceded by other prey species deliveries. 

 

Age and biomass estimates 

I aged prey items based on their relative size.  For instance, thirteen-lined ground 

squirrel (Spermophilus tridecemlineatus), black-tailed prairie dog, and black-tailed 

jackrabbit juveniles were visibly smaller than their adult counterparts.  When a prey item 

was not clearly juvenile and thus questionable, it was assumed to be an adult.  Avian prey 

was also assumed of adult status unless down plumage was discernable. 

Prey biomass is an estimate of the average live mass of a species (Bielefeldt et al. 

1992) and the most accurate estimates are those measured within the study area (Steenhof 

1983).  However, time limitations made collecting local mass data for all prey species 

unrealistic.  Biomass contributed to a diet by a prey species is equal to the number of 

deliveries of that species multiplied by that species mean mass estimate.  I used the mean 

of male and female prey species mass estimates due to the difficulty of determining 

gender in mostly non-sexually dimorphic prey species (Reynolds and Meslow 1984, 

Lewis 2001, Smithers 2004). 
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I used a mean of the mass estimates for the eastern and desert cottontail species, 

and also for the yellow-faced pocket gopher and plains pocket gopher.  I obtained 

mammal mass estimates from Davis and Schmidly (1994), Hoogland (1996), and Best 

(1996).  I acquired a mean live mass estimate for Ord's kangaroo rats (Dipodomys ordii) 

from trapped individuals (n = 11) within the study area (Pruett and Boal, unpub. data).  

For grasshopper prey species, I used a mean mass estimate for the plains lubber 

grasshopper (n = 9, Schnell et al. 1994) because of its large size and local abundance 

(pers. obs.) 

I obtained snake species biomass estimates from measurements taken at fortuitous 

road encounters within the study area, and from museum specimens (LaDuc, pers. comm. 

2004).  I captured snakes by hand and took standard morphological measurements 

(LaDuc, pers. comm. 2003) including mass with Pesola spring scales (Table 3.1).  I 

obtained mean biomass estimates of the Texas horned lizard (Phrynosoma cornutum) and 

the Great Plains skink (Eumeces obsoletus), from Ruthven (pers. comm.) and Horne 

(pers. comm.).  I obtained mass estimates for bird species delivered from Dunning 

(1984), and used estimates from Steenhof (1983) for birds, frogs and toads, rodents, 

lizards, and snakes not identified to species. 

General unknown prey deliveries (i.e., those not directly observed but identified 

through feeding behavior) were due primarily to immediate ingestion by Swainson's 

hawks (e.g., grasshoppers), and obstructed views of prey at delivery and during feeding 

by ferruginous hawk nestlings and fledglings (e.g., mantling over prey).  I estimated 

biomass for general unknown prey deliveries by calculating a mean mass of the less 
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conspicuous primary prey species delivered.  The primary prey items are those 

accounting for ≥ the reciprocal of the total number of prey species used (Krebs 1999).  

For example, I could average the mass estimates of the prey species accounting for ≥ the 

reciprocal of 20 total species delivered (i.e., 1/20 = 5%) by ferruginous hawks.  

Therefore, the mass estimate of any prey species accounting for ≥ 5% of the total prey 

deliveries, excluding very conspicuous items such as jackrabbits and adult prairie dogs, 

would be averaged to obtain a general unknown mass estimate (Table 3.2). 

 

Delivery rate analysis 

 I calculated a variety of measures to analyze and compare inter-specific prey 

delivery rates.  For delivery frequency analysis, these include deliveries per day, 

deliveries per day per nestling, and deliveries per nestling per day at nests with different 

nestling numbers.  For biomass delivery analysis, I measured grams per delivery, grams 

per day, grams per day per nestling, grams per hour per nestling, and grams per nestling 

per hour at nests with different nestling numbers. 

 I investigated for temporal changes in prey delivery frequency rates and biomass 

delivery rates across the nestling period (Smithers 2003, Palmer et al. 2004).  I used 

published guides to age nestling ferruginous hawks (Moritsch 1985) and Swainson’s 

hawks (Moritsch 1983).  I estimated hatching dates by backdating from the initial 

nestling age estimate of the oldest nestling (Warnke et al. 2002) and used delivery rate 

data up to post-hatch day 50 for ferruginous hawk nestlings and day 45 for Swainson’s 

hawk nestlings with respect to approximate fledging ages (Bechard and Schmutz 1995, 

 20



England et al. 1997).  I used 5-day nestling age intervals to standardize prey delivery 

frequency and biomass rates across the nestling period.  I calculated delivery frequency 

rates by summing prey deliveries within the 5-day age intervals, and then dividing 

deliveries by the total hours of video footage for the intervals.  I calculated biomass 

delivery rates by summing total biomass delivered during the 5-day age intervals and 

then dividing by the total hours of video footage for the intervals. 

 Palmer et al. (2004) reported that peregrine falcon (Falco peregrinus) prey 

delivery rates and prey item mass increased with brood size, although on a per nestling 

basis, delivery rates decreased with increasing brood size.  However, adults compensated 

for this decreased delivery rate per nestling with an increase in grams delivered per 

nestling by depredating larger prey and thereby maintaining provisioning rates for 

increased brood sizes.  The ferruginous hawk and Swainson’s hawk diet data collected in 

this study can also facilitate investigations of brood size effects on nestling provisioning 

rates and thus I tested for differences in mean prey size per delivery, deliveries and grams 

per day, and deliveries and grams per day per nestling, at nests with different brood sizes 

(i.e., 2,3, and 4 nestlings for ferruginous hawks, and 1,2, and 3 nestlings for Swainson’s 

hawks). 

 

Dietary breadth and overlap analysis 

 One method of evaluating a species' role in its biological community is to 

measure its niche parameters for comparison with those of other species.  Since food is 

one of the most important dimensions of the niche, dietary analysis is critical to the 
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understanding of community dynamics (Krebs 1999).  Evaluating niche breadth is a 

method of quantifying a species level of specialization within its community by 

observing its distribution within a set of resource states (Krebs 1999).  In this study, the 

relevant resource is food and the important niche metrics of the food dimension include 

dietary breadth and overlap (Jaksic and Braker 1983, Reynolds and Meslow 1984, 

Steenhof and Kochert 1985, Bednarz 1988, Restani 1991, Boal and Mannan 1994, Krebs 

1999).  I used prey species frequency and biomass proportions to measure inter- and 

intra-specific dietary breadth and inter-specific dietary overlap.  I used Smith's Measure 

of Niche Breadth (Smith 1982) to calculate across-year, inter-specific dietary breadth, for 

which the formula is: 

( )jjapFT ∑= , 

where FT = Smith’s measure of niche breadth 

 pj = Proportion of individuals found in resource state j 

 aj = Proportion of resource j is of the total resources 

 n = Total number of possible resource states. 

I used the Simplified Morisita Index  (Horn 1966, Krebs 1999) to calculate across-year 

inter-specific prey species frequency and biomass overlap, for which the formula is: 
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where CH =  Simplified Morisita index of overlap between species j and k 

 pij = Proportion resource i is of the total resources utilized by species j 

 pik = Proportion resource i is of the total resources utilized by species k 

 n = Total number of resource states (i = 1, 2, 3, . . . , n). 

 

Another method of measuring dietary breadth is to count the number of resources 

used more than a minimal amount (i.e., primary prey species).  In this study, I considered 

a prey species primary if it contributed a biomass proportion ≥ the reciprocal of the total 

prey species delivered (Krebs 1999).  Consider the following example:  if a predator 

preyed upon a total of 27 species, the reciprocal would be 3.7%.  Thus, all prey species 

accounting for ≥ 3.7% of the total breeding season biomass would be classified as 

primary prey species.  I calculated and compared inter-specific numbers of primary prey 

species for the 2003 and 2004 breeding seasons pooled. 

 

Disturbance and nest success analysis 

 Thurow and White (1985) introduced a variety of controlled disturbances to 

sympatric ferruginous hawk and Swainson’s hawk nests, and concluded that ferruginous 

hawks were less tolerant of human-induced disturbance.  I made initial visits of 

approximately 10-15 minutes to the immediate nest sites of ferruginous hawks and 

Swainson’s hawks for video-system installation, and afterwards introduced further 

immediate nest site disturbance to video-monitored (VM) nests at least twice a week to 

refresh system cassette tapes and batteries.  These visits generally provoked a stronger 
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disturbance response from the adults (e.g., scolding, low overhead flying, and stooping) 

as compared to the more distant observations made on non-video-monitored (NVM) nests 

with binoculars and spotting scope.  Therefore, I considered these immediate nest visits 

to be more disturbing to the adults and thus possibly have a detrimental effect on nesting 

productivity and success.  If immediate nest visit disturbance did have a negative effect 

on nesting success at VM nests, then I would expect nest productivity rates (i.e., the 

number of initial nestlings to reach fledgling age) and fledgling numbers to be 

significantly higher at NVM nests.  Thus, in addition to reporting general nesting 

productivity and success, I also compared these measures between VM nests and NVM 

nests. 

 

Statistical analysis 

 I used Statistica 6.1 (StatSoft, Inc. 2003) for all data analyses and all tests were 

conducted at an alpha level of 0.05.  I attempted to transform data having non-normal 

experimental error distributions with the logarithmic, square root, and/or arcsine 

transformations (Zar 1999).  When transformations failed I tested the non-normal data 

with the nonparametric Mann-Whitney U-test or the Kruskal-Wallis ANOVA (Zar 1999).  

These included the following inter-specific comparisons:  percent diet biomass composed 

of black-tailed prairie dogs; percent diet biomass composed of reptiles and amphibians; 

percent diet biomass composed of birds; deliveries per nestling per day; nestlings and 

fledglings per nest; and fledging rates (i.e., percentage of initial nestlings that reached 

fledgling age).  I also used a Mann-Whitney U-test to compare fledgling numbers and 
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rates of nests that were consistently visited for video-system maintenance and 

consequently disturbed (i.e., at least 2 visits per week immediately adjacent to the nest 

substrate) with fledging numbers and rates of nests that were not video-monitored but 

rather visited weekly, biweekly, or less, and observed from a distance with binoculars or 

spotting scope. 

I tested data satisfying the assumption of normality of experimental errors for 

homogeneous variances within treatments with Levene’s test (Zar 1999).  I then tested for 

inter-specific differences with a t-test for independent samples by group (i.e., group 1 

being ferruginous hawks and group 2 being Swainson’s hawks) or with a one-way 

ANOVA (Zar 1999).  I used the t-test to investigate inter-specific differences of diet 

richness, diet breadth, percent diet biomass composed of mammals, grams per delivery, 

grams per nestling per day, and numbers of primary prey items.  I also used a t-test to 

investigate differences in combined reptile and amphibian biomass proportions between 

years for Swainson’s hawks. 

I investigated for effects of brood size on nestling provisioning rates and prey size 

selection by adults by testing for differences in prey size per delivery, deliveries and 

grams per day, and deliveries and grams per day per nestling, at nests with different 

brood sizes (i.e., 2,3, and 4 nestlings for ferruginous hawks, and 1,2, and 3 nestlings for 

Swainson’s hawks) with one-way ANOVA and Kruskal-Wallis nonparametric tests. 
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I compared nestling provisioning rates across time by measuring deliveries per 

hour and per nestling per hour, and grams per hour and per nestling per hour across the 

nestling growth period with pooled diet data from 5-day intervals based on nestling age 

using repeated measures ANOVA (Zar 1999, Smithers 2003, Palmer 2004). 
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Table 3.1.  Mass, snout to vent, and vent to tail measurements collected from study area 
snake species in 2004. 
 
 
Species     Mass (g) SV (cm) VT (cm)
 
 
Pituophis melanoluecus sayi       880      130       19 
(Bullsnake)         760      118       16 
          740      117       16.5 
          735      128       21 
          662      122       13 
          595      109       18 
          570      113       12 
          530      120       16 
          440      114       15 
          430      104       14 
          430      107       13 
          395      110       17.5 
          375        90       11 
          362      100       16 
          348        97       13 
          337      108       15 
          290        95       15 
          285        89       14 
          270      102       14 
          195        88       13 
          190        78       10 
          170        74         9.5 
          110        67         9 
          105        67         9 
          100        64       10 
            78        59         8 

Mean (SE)     399.3 (44.7)       99.8 (4.0)      13.8 (0.7) 
 
Masticophis flagellum testaceus      610      131       41 
(Western coachwhip)        498      132       43 

    432      114       38 
          375      113       36 
          118        83       31 
    Mean (SE)     406.6 (82.1)     114.6 (8.9)       37.8 (2.1) 
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Table 3.1.  Cont. 
 
 
Species     Mass (g) SV (cm) VT (cm)
 
 
Crotalus viridis viridis       435        86       13 
(Prairie rattlesnake)        220        78         9 

    190        66       13 
          120        55         6.5 
    Mean (SE)     241.3 (67.9)       71.3 (6.8)      10.4 (1.6) 
 
Heterodon nasicus nasicus       235        75       11 
(Plains hognose snake)       185        60         6.5 
          130        49         5.5 
            52        31         8 
    Mean (SE)     150.5 (39.2)       53.8 (9.3)        7.8 (1.2) 
 
Coluber constrictor flaviventris      195        72       16 
(Eastern yellowbelly racer)         95        61       19 
            45        54       14 
    Mean (SE)     111.7 (44.1)       62.3 (5.2)       16.3 (1.5) 
 
Arizona elegans elegans       185        71       15 
(Kansas glossy snake) 
 
Lampropeltis triangulum gentiles        55        54       12 
(Central plains milk snake) 
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Table 3.2.  Prey biomass estimates. 
 
 

Prey          Biomass (g)  Source
 
 
Black-tailed jackrabbit   2300  Best 1996 
Black-tailed prairie dog     801  Hoogland 1996 
Black-tailed prairie dog juvenile    668  Hoogland 1996 
Cottontail spp.     1225  Davis and Schmidly 1994 
Deer mouse        24  Davis and Schmidly 1994 
Hispid cotton rat     185  Davis and Schmidly 1994 
Hispid pocket mouse       39  Davis and Schmidly 1994 
House mouse        21  Davis and Schmidly 1994 
Northern grasshopper mouse      37  Davis and Schmidly 1994 
Norway rat      450  Davis and Schmidly 1994 
Ord’s kangaroo rat       72  Pruett and Boal unpub. 
Pocket gopher spp.     216  Davis and Schmidly 1994 
Plains pocket/harvest mouse        9  Davis and Schmidly 1994 
Southern plains woodrat    257  Davis and Schmidly 1994 
Thirteen-lined ground squirrel   187  Davis and Schmidly 1994 
 
Bullsnake       399  This study (Table 3.1) 
Central plains milksnake      56  This study (Table 3.1) 
Eastern yellow-bellied racer    112  This study (Table 3.1) 
Ground snake          7  LaDuc 2004 
Plains hognose     151  This study (Table 3.1) 
Western coachwhip     407  This study (Table 3.1) 
Western plains garter snake      78  LaDuc 2004 
Great plains skink       26  Horne unpub. 
Texas horned lizard       31  Ruthven unpub. 
 
Burrowing owl     155  Dunning 1984 
Common nighthawk       62  Dunning 1984 
European starling       82  Dunning 1984 
Killdeer        97  Dunning 1984 
Lark bunting        38  Dunning 1984 
Loggerhead shrike       47  Dunning 1984 
Scaled quail      184  Dunning 1984 
Western meadowlark       98  Dunning 1984 
 
Grasshopper spp.         4  Schell et al. 1994 
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Table 3.2.  Cont. 
 
 

Prey          Biomass (g)  Source
 
 
Unknown bird        56  Steenhof 1983 
Unknown frog/toad       25  Steenhof 1983 
Unknown lizard       17  Steenhof 1983 
Unknown rodent       50  Steenhof 1983 
Unknown snake     190  Steenhof 1983 
General unknown 

ferruginous hawk   574a 

Swainson’s hawk     27b

 
 
a Mean mass of black-tailed prairie dog juvenile, cottontail spp., pocket gopher spp., 
and thirteen-lined ground squirrel. 
b Mean mass of grasshopper spp., Great Plains skink, and Texas horned lizard. 
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CHAPTER IV 

RESULTS 

 

Installation of video-monitoring equipment 

 I video-monitored 6 ferruginous hawk nests in 2003 and 6 different nests in 2004.  

For Swainson’s hawks, I video-monitored 6 nests in 2003 and 8 different nests in 2004.  I 

assumed all nesting pairs to be different and independent between years.  I recorded a 

total of 3,231 daylight hours ( x = 269.2 ± 44.3 hrs/nest) of nest footage at ferruginous 

hawk nests, and 2,387 daylight hours ( x = 170.5 ± 24.6 hrs/nest) of nest footage at 

Swainson’s hawk nests.  Mean nestling age at camera installation for ferruginous hawks 

was 17 days (± 2.85; Range = 5 - 32 days).  Mean nestling age for Swainson’s hawks at 

camera installation was 25 days (± 2.53; Range = 6 - 38 days). 

 

Prey analysis 

 I recorded 959 ferruginous hawk prey deliveries and 1,058 Swainson’s hawk prey 

deliveries during the 2003–2004 breeding seasons.  However, with the inclusion of 

identified cached items and larger prey items delivered in different components, I 

recorded 937 individual ferruginous hawk prey items and 1,057 individual Swainson’s 

hawk prey items (Table 4.1), with the differences being due primarily to the partial 

deliveries of black-tailed jackrabbits.  I was able to identify 740 of the 959 (77%) 

ferruginous hawk prey deliveries, and 831 of the 1,058 (79%) Swainson’s hawk prey 

deliveries to the species, genus, or family taxonomic level. 
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Among the prey species that I pooled into similar taxonomic groups, the plains 

pocket mouse and plains harvest mouse accounted for 0.9% of the deliveries and 0.1% of 

the biomass for Swainson’s hawks (Table 4.1).  Pocket gophers accounted for 25.2% of 

the deliveries and 10.9% of the biomass for ferruginous hawks, and 5.9% of the 

deliveries and 9.8% of the biomass for Swainson’s hawks (Table 4.1).  Grasshoppers 

accounted for 0.6% of the deliveries and < 0.1% of the biomass for ferruginous hawks, 

and 14.9% of the deliveries and 0.5% of the biomass for Swainson’s hawks (Table 4.1).  

Cottontails accounted for 5.9% of the deliveries and 14.4% of the biomass for 

ferruginous hawks, and 3.4% of the deliveries and 32.4% of the biomass for Swainson’s 

hawks (Table 4.1).  I was able to classify all other identified prey items to the species 

level. 

Rodents and rabbits comprised 73.2% of the ferruginous hawk prey deliveries and 

81.7% of the prey biomass delivered (Table 4.1).  Reptiles and amphibians were the most 

frequently delivered Swainson’s hawk prey items (35.6%) and accounted for 22.3% of 

the prey biomass.  However, mammals also dominated the Swainson’s hawk diet by 

contributing 72.5% of the total biomass.  Thus, the diets of both hawk species were 

equally comprised primarily of mammals in terms of biomass (t1, 24 = 1.46, P = 0.16). 

The primary prey of the biomass delivered (n = 4 species ≥ 4.5% total biomass) 

by ferruginous hawks during the 2003 and 2004 breeding seasons were black-tailed 

prairie dogs (29.9%), black-tailed jackrabbits (15.8%), cottontails (14.4%), and pocket 

gophers (10.9%; Table 4.1).  The primary prey of the biomass delivered (n = 8 species ≥ 

3.3% total biomass) by Swainson's hawks during the 2003 and 2004 breeding seasons 

 33



were cottontails (32.4%), pocket gophers (9.8%), black-tailed jackrabbits (8.5%) bull 

snakes (8.2%), southern plains woodrats (4.9%), thirteen-lined ground squirrels (4.8%), 

hispid cotton rats (3.8%), and western coach whips (3.6%; Table 4.1). 

 Black-tailed prairie dogs accounted for 29.9% of the ferruginous hawk total diet 

biomass and 2.9% of the Swainson’s hawk total diet biomass (U = 11.0, P < 0.0001).  

Prairie dog delivery frequency by ferruginous hawks was not significantly different from 

2003 (17.1%) to 2004 (20.9%; t1, 10 = 0.35, P = 0.73), nor was it different for Swainson's 

hawks in 2003 (0.7%) and 2004 (0.3; U = 21.0, P = 0.7).  Swainson’s hawks consumed 

more biomass in reptiles and amphibians (22.3%) than ferruginous hawks (0.9%; U = 2.0, 

P < 0.0001), and more biomass in birds (2.1%) than ferruginous hawks (0.2%; U = 45.0, 

P = 0.046).  In addition, reptiles and amphibians contributed more biomass to Swainson’s 

hawk nests in 2004 (53.2%) than in 2003 (20.3%; t1, 12 = 3.7, P = 0.003). 

For ferruginous hawks, I recorded 11 unknown passerines, 9 unknown anurans 

(frogs or toads), 16 unknown rodents, 6 unknown snakes, and 177 general unknown prey 

deliveries (Table 4.1).  Collectively, these comprised 23.4% of the total prey deliveries 

and an estimated 22.4% of the total prey biomass delivered.  For Swainson’s hawks, I 

recorded 27 unknown passerines, 13 unknown anurans, 20 unknown lizards, 10 unknown 

rodents, 10 unknown snakes, and 137 general unknown prey deliveries.  These accounted 

for 20.5% of the total prey deliveries, and an estimated 6.1% of the total prey biomass 

delivered. 
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Delivery rate analysis 

 Swainson’s hawks made more prey deliveries per day (7.0 ± 0.68) than 

ferruginous hawks (4.6 ± 0.26) (U = 33.0, P = 0.008) but delivered fewer grams of prey 

per day (897.0 ± 103.9) than ferruginous hawks (2,208.6 ± 171.1) (t1, 24 = 6.8, P = < 

0.0001).  Ferruginous hawks delivered larger prey items (479.8 ± 32.1 grams/delivery) 

than did Swainson’s hawks (146.8 ± 22.6 grams/delivery) (t 1, 24 = 8.7, P < 0.0001).  

Additionally, even though Swainson’s hawks made more prey deliveries per day per 

nestling (3.4 ± 0.46) than ferruginous hawks (1.4 ± 0.12) (U = 8.0, P < 0.0001), they still 

delivered fewer grams per day per nestling (401.4 ± 38.2) than ferruginous hawks (670.1 

± 46.5) (t1, 24 = 4.5, P < 0.001). 

 Differences in daily delivery rates among ferruginous hawk nests with 2 nestlings 

(3.8 ± 0; n = 1), 3 nestlings (4.9 ± 0.49; n = 6), and 4 nestlings (4.5 ± 0.18; n = 5) were 

not significant (H = 2.5, P = 0.28).  In terms of deliveries per nestling per day (i.e., 

nestling provisioning rate), however, provisioning rates among ferruginous hawks 

progressively decreased with brood size from nests with 2 nestlings (1.9 ± 0) to 3 

nestlings (1.7 ± 0.16) to 4 nestlings (1.1 ± 0.05) (F2, 9 = 5.67, P = 0.025; Figure 4.2).  

Although the average mass of prey deliveries appeared to increase from broods of 2 

nestlings (394.3 ± 0) to 3 nestlings (428.2 ± 30.0) to 4 nestlings (587.7 ± 55.2), this 

increase was not significant (H = 4.4, P = 0.11; Figure 4.3).  The total daily biomass 

delivered to broods of 2 nestlings (1,499.2 ± 0 g), 3 nestlings (2,080.7 ± 247.6 g), and 4 

nestlings (2,504.0 ± 222.2 g) increased with brood size, but again, the increase was not 

significant (F2, 9 = 1.7, P = 0.24).  Ultimately, the average grams of biomass provisioned 
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per individual nestling per day at nests with 2 nestlings (749.6 ± 0), 3 nestlings (693.6 ± 

82.5), and 4 nestlings (626.0 ± 55.5) decreased with increasing brood size but not 

significantly so (F2, 9 = 0.32, P = 0.73; Table 4.2, Figure 4.3). 

There were no differences in the daily delivery rates among Swainson’s hawk 

nests with 1 nestling (5.1 ± 1.39; n = 2), 2 nestlings (6.3 ± 1.10; n = 6), and 3 nestlings 

(8.4 ± 0.56; n = 6) (F2, 13 = 2.4, P = 0.13).  On basis of deliveries per nestling per day, 

deliveries at Swainson’s hawk nests with 1 nestling (5.1 ± 1.4), 2 nestlings (3.1 ± 0.55), 

and 3 nestlings (2.8 ± 0.18) decreased with brood size, but again, not significantly (H = 

3.99, P = 0.136; Figure 4.4).  Although there appeared to be an increase in the grams of 

biomass delivered per day to nests with 1 nestling (482.9 ± 108.5), 2 nestlings (905.3 ± 

120.7), and 3 nestlings (1,039.6 ± 161.3), the difference was not statistically significant 

(F2, 9 = 1.7, P = 0.24).  Again, although grams per nestling per day decreased with larger 

brood sizes, the differences among nests with 1 nestling (120.2 ± 52.3), 2 nestlings (173.5 

± 35.7), and 3 nestlings (129.6 ± 28.2) were not statistically significant (F2, 13 = 0.62, P = 

0.55; Table 4.2, Figure 4.5). 

Nestling growth intervals for ferruginous hawks (i.e., 5-day intervals starting with 

post-hatch day 6 and up to post-hatch day 50) did not have a significant effect on prey 

deliveries per hour (F8, 49 = 1.97, P = 0.07) or deliveries per nestling per hour (F8, 49 = 

2.11, P = 0.052).  However, a peak is observed in deliveries per hour and per nestling per 

hour at interval 3 (nestling days 16 – 20; Figure 4.6).  Growth intervals did not 

significantly affect grams delivered per hour (F8, 49 = 0.58, P = 0.79) or per nestling per 

hour (F8, 49 = 0.78, P = 0.62) to ferruginous hawk nests.  However, it is observed that 
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these provisioning rates increased from the beginning and peaked at interval 4 (nestling 

days 21 – 25; Figure 4.7). 

Nestling growth intervals for Swainson’s hawks (i.e., again, 5-day intervals from 

post-hatch day 6 except only up to day 45) did not affect prey deliveries per hour (F7, 40 = 

0.79, P = 0.60) or deliveries per nestling per hour (F7, 40 = 0.69, P = 0.68; Figure 4.6).  

Nor did nestling growth intervals significantly affect grams delivered per hour (F7, 40 = 

1.58, P = 0.17) or per nestling per hour (F7, 40 = 0.59, P = 0.76).  However, peaks in both 

provisioning rates are again observed at interval 7 (nestling days 36-40; Figure 4.7). 

Differences in deliveries throughout the typical 15-hour (i.e., 0630-2130) video-

monitored day were not tested for.  However, Figure 4.4 illustrates mean prey deliveries 

per hour. 

 

Dietary breadth and overlap analysis 

Swainson’s hawks had a higher measure of prey species richness per nest (13.4 ± 

1.13) than did ferruginous hawks (10.0 ± 0.74) (t1, 24 = 2.4, P = 0.024).  However, 

Simpson’s Measure of Niche Breadth (on a scale of 0 to 1 with 1 being maximum dietary 

breadth), which includes diet evenness, indicated diet breadth was not different between 

ferruginous hawks (FT = 0.86) and Swainson’s hawks (FT = 0.88) (t1, 24 = 0.88, P = 

0.39).  On a 0 to 1 scale with 0 indicating no dietary overlap and 1 indicating a complete 

dietary overlap, the Simplified Morisita's Index of Niche Overlap indicated a dietary 

overlap of 0.31 in terms of prey species used, and 0.56 in terms of prey species biomass 

contribution. 
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Ferruginous hawk diet richness did not differ from 2003 (10.2 ± 1.14) to 2004 

(9.8 ± 1.05; t1, 10 = 0.22, P = 0.83).  However, diet breadth in 2003 (0.89 ± 0.014) was 

significantly higher than in 2004 (0.84 ± 0.012; t1, 10 = 2.93, P = 0.015).  Swainson's 

hawk diet richness (14.2 ± 2.0) and breadth (0.89 ± 0.04) in 2003 was not different than 

diet richness (12.8 ± 1.3; U = 16.5, P = 0.33) or breadth (0.88 ± 0.02; t1, 12 = 0.45, P = 

0.66) in 2004. 

 

Nest disturbance and success analysis 

 I monitored the nesting productivity and success of 59 ferruginous hawk nesting 

attempts and 215 Swainson’s hawk nesting attempts during the 2003-2004 breeding 

seasons.  Raw nesting success for ferruginous hawks was 83% (24/29 nests fledged birds) 

in 2003 and 50% (15/30) in 2004.  Nesting success for Swainson’s hawks was 43% 

(40/93) in 2003 and 49% (60/122) in 2004.  Of these nests, I confirmed both the nestling 

and fledgling numbers for 40 ferruginous hawks nests and 78 Swainson’s hawk nests.  

Ferruginous hawks produced 121 nestlings from 40 nests for a mean 3.0 (± 0.15) 

nestlings per nest, and Swainson’s hawks produced 170 nestlings from 78 nests for a 

mean 2.2 (± 0.09) nestlings per nest (U = 802.0, P = 0.00001).  From these same nests, 

ferruginous hawks fledged 100 young for a mean of 2.5 (± 0.2) fledglings per nest, and 

Swainson’s hawks fledged 141 young for a mean of 1.8 (± 0.1) fledglings per nest (U = 

965.5, P = 0.0006).  However, inter-specific productivity rates were both 83% (U = 

1504.5, P = 0.75). 
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I used the nests with confirmed numbers of initial nestlings and fledglings to 

compare the nest success and productivity of video-monitored nests versus non-video-

monitored nests.  The nest success rate of video monitored (VM) ferruginous hawk nests 

was 89% (41/46) compared to 76% (57/75) for non-video monitored (NVM) nests (U = 

178.5, P = 0.8; Table 4.2).  VM ferruginous hawk nests produced 2.7 (± 0.33) fledglings 

per nest and NVM nests produced 2.4 (± 0.25) fledglings per nest (U = 148.5, P = 0.28).  

Swainson’s hawk VM nests had a nest success rate of 72% (28/39) compared to 82% 

(109/133) for NVM nests (U = 434.5, P = 0.21; Table 4.3).  VM Swainson’s hawk nests 

produced 1.6 (± 0.25) fledglings per nest and NVM nests produced 1.9 (± 0.11) 

fledglings per nest (U = 445.5, P = 0.26). 

I observed two ferruginous hawk nest failures following video system installation.  

Two nestlings in one nest apparently perished from low food provisioning and/or 

exposure the day after installation.  I do not believe that researcher disturbance was a 

factor, as the adult hawks were in attendance of the nest following video installation.  The 

other nest failure was an apparent result of researcher disturbance from video-system 

installation when the single nestling was too young (i.e., 1 - 2 days old), and perished 

from an extended female absence and subsequent exposure.  I also observed three 

Swainson’s hawk nest failures following video-system installation, all of which appeared 

to be due to periods of elevated temperatures and inadequate prey provisioning, and not 

from researcher disturbance.  All of these nest failures were included in the above 

analysis for fledgling numbers and success rates of video-monitored nests versus non-

video-monitored nests. 
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Table 4.1.  Prey delivery and biomass percentages at ferruginous hawk nests (n = 12) and 
Swainson’s hawk nests (n = 14) during the 2003-2004 breeding seasons. 
________________________________________________________________________ 
 
       Ferruginous hawk                Swainson’s hawk
Prey 

         n       % Del        % Bio            n       % Del       % Bio 
 
 
Rodents 
Pocket gopher spp.        236         25.2    10.9          62          5.9     9.8 
Black-tailed prairie dog       180         19.2    29.9            5          0.5     2.9 
Thirteen-lined ground squirrel        96         10.3      3.8          35          3.3     4.8 
South plains woodrat          20           2.1      1.1          26          2.5     4.9 
Spotted ground squirrel         20           2.1      0.5          10          0.9     0.8 
Ord’s kangaroo rat          19           2.0      0.3          35          3.3     1.9 
Northern grasshopper mouse           6           0.6   < 0.1          21          2.0     0.6 
Deer mouse             6           0.6   < 0.1          43          4.1     0.8 
Hispid cotton rat            1           0.1   < 0.1          28          2.6     3.8 
Hispid pocket mouse            0           0.0      0.0          14          1.3     0.4 
Plains pocket/harvest mouse           0           0.0      0.0          10          0.9     0.1 
House mouse             0           0.0      0.0            4          0.4     0.1 
Norway rat             0           0.0      0.0            1          0.1     0.3 
Unknown rodent spp.          16           1.7      0.2          10          0.9     0.4 
Total          600         63.9           47.0         304        28.7   31.6 
 
Rabbits 
Cottontail spp.           55           5.9    14.4          36          3.4   32.4 
Black-tailed jackrabbit         32           3.4    15.7            5          0.5     8.5 
Total            87           9.3    30.1          41          3.9   40.9 
 
Reptiles and amphibians 
Texas horned lizard          23           2.5      0.2        131        12.4     3.0 
Eastern yellow-bellied racer           4           0.4      0.1          30          2.8     2.5 
Bullsnake             3           0.3      0.3          28          2.6     8.2 
Great Plains skink            2           0.2   < 0.1        125        11.8     2.4 
Western coachwhip            1           0.1             0.1          12          1.1     3.6 
Western plains garter snake           1           0.1   < 0.1            0          0.0     0.0 
Plains hognose            0           0.0      0.0            6          0.6     0.7 
Central plains milk snake           0           0.0      0.0            2          0.2     0.1 
Ground snake             0           0.0      0.0            1          0.1  < 0.1 
Unknown frog/toad spp.           9           1.0   < 0.1          13          1.2     0.2 
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Table 4.1.  Cont. 
 
 
       Ferruginous hawk                Swainson’s hawk
Prey 

          n       % Del        % Bio            n       % Del       % Bio 
 
 
Unknown snake spp.            6           0.6      0.2          10          0.9     1.4 
Unknown lizard spp.            0           0.0      0.0          20          1.9     0.2 
Total            49           5.2      0.9        378        35.6   22.3 
 
Birds 
Burrowing owl            3           0.3      0.1            0          0.0     0.0 
Western meadowlark            2           0.2   < 0.1            6          0.6     0.4 
Common nighthawk            1           0.1   < 0.1            0          0.0     0.0 
Lark bunting             1           0.1      0.0a            1          0.1  < 0.1 
Scaled quail             0           0.0      0.0            3          0.3     0.4 
European starling            0           0.0      0.0            1          0.1     0.1 
Killdeer             0           0.0      0.0            1          0.1     0.1 
Loggerhead shrike            0           0.0      0.0            1          0.1  < 0.1 
Unknown bird           11           1.2      0.1          27          2.6     1.1 
Total            18           1.9      0.2          40          3.9     2.1 
 
Insects 
Grasshopper spp.            6           0.6   < 0.1        157        14.9     0.5 
 
General unknowns        177         18.9    21.8        137        13.0     2.7 
 
 
Total                937        1057  
 
 
a Prey item flew away after delivery 
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Table 4.2.  Comparative prey delivery and biomass provisioning rates for ferruginous 
hawk nests with two nestlings (n = 1), three nestlings (n = 6), and four nestlings (n = 5), 
and Swainson’s hawk nests with one nestling (n = 2), two nestlingsa (n = 6), and three 
nestlingsb (n = 6). 
 
 

 Ferruginous Hawk         Swainson’s Hawk   
Brood Size            

  Del/nestling/day     g/nestling/day          Del/nestling/day     g/nestling/day 
 

 
1 nestling  NA       NA      5.1          482.9 
 
2 nestlings  1.9      749.6     3.1          466.2 
 
3 nestlings  1.7      693.6     2.8          346.6 
 
4 nestlings  1.1      626.0     NA           NA 
 
 
a One of the six nests with two nestlings experienced a single nestling mortality and this 
nest was subsequently analyzed as a nest with one nestling. 
b One of the nests with three nestlings experienced a single nestling mortality and this 
nest was subsequently analyzed as a nest with two nestlings. 
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Table 4.3.  Nest productivity and success of video-monitored nests (VM) compared to 
non-video-monitored nests (NVM) for ferruginous hawks during the 2003-2004 breeding 
seasons. 
 
 
Nest        Nestlings       Fledglings        % Fledged 
 
 

VM 
TF1    3   3   100 
TF14    3   2     67 
TFU21    4   4   100 
TFU54    4   4   100 
TFU67    3   3   100 
OFU118   3   3   100  
TF0    2   2   100 
TF3    4   4   100 
TF18    3   3   100 
TFU93    1   0       0 
NF2    4   3     75 
NF3    2   0       0 
OFU113   4   4   100 
OFU119   3   3   100 
OFU126   3   3   100 
Total             46            41     89 
 

NVM 
TF0    1   1   100 
TF17    3   3   100 
TF18    1   1   100 
TFU25    2   2   100 
NF1    2   2   100 
NF2    4   4   100 
NFU11   2   2   100 
NFU21   3   3   100 
NFU23   2   2   100 
NFU40   4   4   100 
NFU64   3   3   100 
OFU103   5   4     80 
OFU108   4   2     50 
OFU109   4   3     75 
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Table 4.3.  Cont. 
 
 
Nest        Nestlings       Fledglings        % Fledged 
 
 
OFU113   4   2     50 
OFU119   4   4   100 
OFU136   3   3   100 
TF5    3   3   100 
TF7    2   0       0 
TF9    4   4   100 
TF17    2   2   100 
TF20    3   3   100 
TFU19    3   0       0 
TFU21    3   2     67 
TFU67    4   0       0 
 
 
Total             75            59     79 
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Table 4.4.  Nest productivity and success of Swainson’s hawk video-monitored nests 
(VM) compared to non-video-monitored nests (NVM) during the 2003-2004 breeding 
seasons. 
 
 
Nest        Nestlings       Fledglings        % Fledged 
 
 
VM 
TSU2A   2   1     50 
TSU2B   2   2   100 
TSU8    1   1   100 
TSU17A   2   0       0 
TSU21    3   3   100 
TSU26    1   0       0 
NSU9    2   2   100 
NSU13   2   1     50 
TS47    3   3   100 
TS121    1   1   100 
TS133    3   3   100 
TSU16    2   2   100 
TSU17B   3   0       0 
NSU62   3   2     67 
NSU78   1   1   100 
NSU138   3   1     33 
OSU110   2   2   100 
OSU119   3   3   100 
Total             39            28     72 
 
NVM 
TS6    2   2   100 
TS52    2   2   100 
TS67    3   3   100 
TS79    2   2   100 
TS82    3   1     33 
TS84    1   1   100 
TS85    2   2   100 
TS88    1   1   100 
TS91    2   2   100 
TS92    3   1     33 
TS93    1   1   100 
TS95    2   2   100 
TS96    4   4   100 
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Table 4.4.  Cont. 
 
 
Nest        Nestlings       Fledglings        % Fledged 
 
 
TS98    2   0       0 
TS101    1   1   100 
TS105    3   3   100 
TSU6    2   2   100 
TSU45    3   1     33 
TSU47    2   1     50 
NS5    1   1   100 
NS6    1   1   100 
NS18    2   2   100 
NSU4B   1   0       0 
NSU9    2   2   100 
NSU13   2   1     50 
TS1    3   3   100 
TS17    2   2   100 
TS18    2   2   100 
TS21    2   2   100 
TS22    2   2   100 
TS43    4   4   100 
TS44    3   3   100 
TS62    3   3   100 
TS65    2   2   100 
TS72    2   2   100 
TS82    2   2   100 
TS83    2   2   100 
TS84    3   3   100 
TS92    2   2   100 
TS104    2   2   100 
TS106    2   2   100 
TS107    3   2     67 
TS112    2   2   100 
TS117    3   3   100 
TS123    3   3   100 
TS131    2   2   100 
TSU17A   1   1   100 
NS7    3   2   100 
NS9    1   1   100 
NS14    3   2     67 
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Table 4.4.  Cont. 
 
 
Nest        Nestlings       Fledglings        % Fledged 
 
 
NS15    2   2   100 
NS16    2   2   100 
NSU2    3   3   100 
NSU13   1   1   100 
NSU14   2   2   100 
NUS17   2   1     50 
NSU62   3   2     67 
NSU78   1   1   100 
NSU138   3   1     33 
OS4    3   3   100 
 
 
Total           131          113     86 
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Figure 4.1.  Percentage prey type delivery frequency and biomass for ferruginous hawk 
(FEHA) nests (n = 12) and Swainson’s hawk (SWHA) nests (n = 14) during the 2003-
2004 breeding seasons. 
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Figure 4.2.  Deliveries per day and deliveries per nestling per day with increasing brood 
sizes for ferruginous hawks during the 2003-2004 breeding seasons. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 49



0

500

1000

1500

2000

2500

3000

2 nestlings (n = 1) 3 nestlings (n = 6) 4 nestlings (n = 5)

G
ra

m
s g/day

g/nestling/day
g/del

 
 
Figure 4.3.  Grams per day and grams per nestling per day with increasing brood sizes for 
ferruginous hawks during the 2003-2004 breeding seasons. 
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Figure 4.4.  Deliveries per day and deliveries per nestling per day with increasing brood 
sizes for Swainson's hawks during the 2003-2004 breeding seasons. 
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Figure 4.5.  Grams per day and grams per nestling per day with increasing brood sizes for 
Swainson's hawks during the 2003-2004 breeding seasons. 
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Figure 4.6.  Prey deliveries per hour and prey deliveries per hour per nestling among 5-
day intervals across the nestling growth period for ferruginous hawks (FEHA) and 
Swainson’s hawks (SWHA) during the 2003–2004 breeding seasons. 
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Figure 4.7.  Grams delivered per hour and grams delivered per hour per nestling among 
5-day intervals across the nestling growth period for ferruginous hawks (FEHA) and 
Swainson’s hawks (SWHA) during the 2003–2004 breeding seasons. 
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Figure 4.8.  Prey deliveries per hour throughout the 15-hour video-monitored day. 
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CHAPTER V 

DISCUSSION 

 

Video monitoring the nests of birds has become an effective and efficient 

technique for documenting nest site activities (e.g., food deliveries, and the depredation 

and parasitization of nests).  In recent years this method has facilitated diet assessments 

for gyr falcons (Falco rusticolus), northern goshawks (Accipiter gentilis), and spotted 

owls (Strix occidentalis) (Delaney 1998, Groennesby and Nygaard 2000, Lewis 2001, 

Booms and Fuller 2003, Smithers 2004).  Compared to the traditional diet assessment 

techniques of pellet and prey remain analysis, and direct observation via spotting scope, 

video-monitoring provides more diet data at higher levels of accuracy and efficiency 

(Lewis 2001, Booms 2003).  However, a potential source of bias for all diurnal raptor 

breeding season diet assessment techniques, including video monitoring, is that prey 

species or numbers selectively ingested by the adults away from the nest or observation 

site are unknown (Bielefeldt et al. 1992).  Another possible concern, which probably 

varies among species, is the bias that redelivered, cached food items could introduce.  For 

instance, a northern goshawk may be more likely to cache food items due to the 

abundance of caching substrates in its forested habitat (Lewis 2001, Smithers 2003), and 

thus some redelivered prey species could be misidentified as a new prey capture and 

delivery.  In contrast, a ferruginous hawk nesting in a semi-arid short-grass prairie 

community will generally have fewer options for caching substrates and may also be 
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more inclined to quickly utilize the prey because of a more rapid dehydration and 

decomposition rate associated with higher temperatures and low humidity.  As such, I 

observed very few deliveries of cached prey (n = 23) to video-monitored nests, with the 

exceptions being separate deliveries of different black-tailed jackrabbit appendages, and 

cranial or caudal halves of cottontails, adult black-tailed prairie dogs, and pocket gophers 

delivered in close proximity. 

I installed video-monitoring systems at nests as soon as possible following egg 

hatch.  As previously indicated, however, the mean post-hatch installation times for 

ferruginous hawk nests (17 days ± 2.85; Range = 5 - 32) and Swainson's hawk nests (25 

days ± 2.53; Range = 6 - 38) were substantially later than the ideal time of 5-7 days post-

hatch.  As seen in this study (Figures 4.6 and 4.7), deliveries per day, deliveries per 

nestling per day, grams per day, and grams per nestling per day, fluctuate throughout the 

nestling growth period, although not in a statistically significant sense.  Palmer et al. 

(2004) also did not observe significant differences in delivery rates, mass delivery rates, 

or prey sizes by peregrine falcons across the nestling growth period.  However, prey 

composition (i.e., species and age class) may vary across the nestling period due to prey 

availability and nestling caloric demands (Olendorff 1974, Smithers 2003), but I did not 

examine this in my study. 

Scavenged prey (e.g., road kill or pirated prey) may also introduce bias to diet 

data.  However, assuming a quality video image is available, scavenged food, like cached 

food, could also display different physical traits such as dehydration and decomposition 

and/or an altered appearance (e.g., from vehicular damage).  Most observations of 
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raptorial birds scavenging prey, excepting eagle species that scavenge more frequently, 

are anecdotal in nature and tend to be of wintering or juvenile birds (e.g., Ganis 1976, 

Chesser 1979, Holland 1989, Pranty 2002).  Prey pirated soon after initial capture, 

however, would probably not reveal any evidence of its origin and thus could introduce 

bias depending on its frequency of occurrence. 

Another concern for video monitoring at the nest site is researcher-introduced nest 

disturbance.  White and Thurow (1985) evaluated the tolerance of a ferruginous hawk 

population in Utah to controlled anthropogenic disturbances.  They concluded that nests 

exposed to disturbance had decreased nest success and that disturbed successful nests 

fledged fewer nestlings compared to that of undisturbed successful nests.  However, I 

found equal nestling success rates between video monitored nests that were consistently 

disturbed at the immediate nest site versus non-video monitored nests exposed to minimal 

or no disturbance.  This may indicate that responses to disturbance could be regional and 

affected by numerous other variables such as degree of disturbance, additional sources of 

external disturbance, and preconditioning of hawks to disturbance prior to the researcher 

induced disturbance.  For instance, my study area is dominated by ranching and 

agriculture activity, and thus the breeding and over-wintering ferruginous hawks are 

frequently exposed to a variety of human activities such as vehicular traffic, plowing, 

planting, harvesting, cattle herding, and prairie dog shooting.  In addition, anecdotal 

evidence from local resident observations and personal observations suggests that 

breeding Swainson’s hawks and ferruginous hawks take advantage of human activities 
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such as prairie dog shooting and agricultural activities that flush or dispatch prey 

resources (also see Chesser 1979, Allison et al. 1995). 

Overall nest productivity and success rates for ferruginous hawks and Swainson's 

hawks in my study area are comparable with other regions of these species' breeding 

distributions.  For all ferruginous hawk nesting attempts observed during the 2003 (n = 

29) and 2004 (n = 30) breeding seasons, I estimated nest success rates of  83% and 50%, 

and productivity rates of 2.7 fledglings per successful nest for both years.  Worth noting 

is that plague (Yersinia pestis) cycled through black-tailed prairie dog towns in our study 

area during the 2004 breeding season (Texas Department of Health 2004) and may have 

affected nest success for ferruginous hawks.  For all Swainson's hawks nesting attempts 

observed during the 2003 (n = 93) and 2004 (n = 122) breeding seasons, I estimated nest 

success rates of 43% and 49%, and productivity rates of 1.7 and 1.98 fledglings per 

successful nest.  Gilmer and Stewart (1983), during the 1977 (n = 200), 1978 (n = 184), 

and 1979 (n = 245) breeding seasons in North Dakota, estimated ferruginous hawk nest 

success rates of 64%, 72.3%, and 75.9%, and productivity rates of 1.99, 2.2, and 2.47 

fledglings per nest.  Woffinden and Murphy (1989) estimated a nest productivity rate of 

1.7 fledglings per nest during 13 years of nest monitoring from 1967 to 1986 in Utah.  

However, productivity and success declined over this period with a population decrease 

of the ferruginous hawk's primary prey resource, the black-tailed jackrabbit.  In 

southwest Idaho from 1977 to 1994, 45.6% of ferruginous hawk nesting attempts were 

successful and 1.3 young were fledged per nest (Bechard and Schmutz 1995, Steenhof 

1995).  In southeastern Alberta, Schmutz et al. (1980) estimated nest productivity for 
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ferruginous hawks and Swainson's hawks from 1975-1977 to be 2.6 fledglings per nest 

and 2.0 fledglings per nest, respectively.  Nishida et al. (2001) estimated nest success and 

productivity rates for Swainson's hawks in southeast Arizona to be 61% and 1.43 

fledglings per nest in 1999 and 67% and 1.83 fledglings per nest in 2000.  These 

comparisons of regional nest productivity and success must be observed with caution as 

many factors varying from region to region (e.g., land use, prey availability, climate, 

nesting density) affect reproductive success. 

Inter-specific life history differences may influence why Swainson’s hawks are 

considered opportunistic foragers while ferruginous hawks are considered specialists on 

larger and regionally abundant mammalian prey.  Migratory habits, one of the most 

substantial inter-specific behavioral differences, are considered evolutionary responses to 

food availability (Kerlinger 1995) and this may suggest that food habits are due in part to 

evolved and genetically inherent behaviors.  For example, Swainson’s hawks are 

neotropical migrants that forage on grasshoppers and other prey on their wintering 

grounds (Bechard and Schmutz 1995), and also likely encounter additional prey 

opportunities during migration, thus enhancing their foraging diversity.  Moreover, 

Swainson’s hawks are faced with a relatively shorter breeding season time frame because 

of their long-distance migration, and thus the capability to utilize a large variety of prey 

types may better their odds of a successful nesting attempt. 

In contrast, ferruginous hawks are considered partial migrants (Kerlinger 1995), 

nomads (Olendorff 1993), and possibly residents in the southern extent of their range.  

Throughout their range, it has been shown that they depend on three primary prey types 
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for their breeding season diet (jackrabbits, prairie dogs, and ground squirrels; Bechard 

and Schmutz 1995, this study), and that prairie dog species also provide the main source 

of over-wintering forage (Chesser 1979, Schmutz and Fyfe 1987, Cully 1991, Allison et 

al. 1995, Plumpton and Andersen 1998).  Furthermore, a decrease in abundance of these 

primary prey types affects ferruginous hawk nesting success and over-wintering 

distribution and behavior (Smith et al. 1981, Steenhof and Kochert 1985, Schmutz and 

Fyfe 1987, Schmutz and Hungle 1989, Woffinden and Murphy 1989, Cully 1991, 

Plumpton and Andersen 1998).  However, Swainson’s hawk nest success and prey use 

tend to be less affected by the availability of particular prey species (Bednarz 1988, 

Schmutz and Hungle 1988) with the exception of a major Richardson’s ground squirrel 

(Spermophilus richardsonii) population crash in Canada that Houston and Schmutz 

(1995) correlated with decreased Swainson’s hawk nest productivity and success. 

Swainson’s hawks typically weigh about two thirds that of ferruginous hawks 

and, as a consequence, often employ different hunting strategies (Schmutz et al. 1980).  

Differences in body mass and morphological traits, such as stronger and more compact 

feet, and shorter and thicker talons in ferruginous hawks, are a result of diverging 

evolutionary histories and the ferruginous hawk’s predisposition to preying primarily 

upon larger mammalian prey.  Inter-specific body mass disparities necessitate different 

inter-specific nestling provisioning rates (Olendorff 1974) and may affect prey size 

selection.  However, Jaksic and Braker (1982) and Schmutz et al. (1980) argue that inter-

specific body size is not a dependable attribute to prey size partitioning because of high 
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variability of prey sizes used within individual predator species and resulting high inter-

specific overlap of prey sizes. 

Another factor that may affect differential inter-specific prey use is breeding 

productivity.  Ferruginous hawks have larger brood sizes than do Swainson’s hawks (this 

study, also see Schmutz et al. 1980), which can affect prey selection and provisioning 

rates (Palmer et al. 2004). 

These different inter-specific life history traits may all have varying effects on the 

prey use and potential resource partitioning of ferruginous hawks and Swainson’s hawks.  

However, despite all these differences, earlier diet studies (Smith and Murphy 1973, 

Schmutz et al. 1980, Restani 1991) of sympatric ferruginous hawks and Swainson’s 

hawks show consistently high inter-specific diet overlap (82% - 98%).  Most authors 

agree that high degrees of dietary overlap are not an indication of inter-specific 

competition or prey preference but rather an abundance of commonly used prey resources 

(Lack 1946, Schmutz et al. 19080, Jaksic and Braker 1982, Jaksic 1983, Steenhof and 

Kochert 1985, Gerstell and Bednarz 1999).  For instance, Ellis et al. (2004) concluded 

that the peregrine falcon, which is often considered an obligate ornithophage, had a 

highly variable diet among breeding seasons and will shift foraging emphasis with 

fluctuating prey availability.  

Jaksic and Braker (1982) made a strong argument that prey use within raptor 

assemblages is dictated primarily by local prey availability rather than inter-specific 

predator competition or resource partitioning.  They concluded that dietary niche breadth 

and inter-specific dietary overlap is a product of food resource availability, and that 
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breadth does not become narrower in larger predator assemblages.  They also suggest that 

raptors are generally highly opportunistic foragers and that food may not be a limiting 

resource for them.  However, these suggestions depend on the assumed presence of 

abundant or superabundant prey resources, and Woffinden and Murphy (1989) and 

Schmutz and Hungle (1989) showed that prey abundance can indeed regulate local 

breeding success of ferruginous hawks. 

My results are similar to previous studies that demonstrated both hawk species 

had high niche breadth according to Smith’s Measure (0.74 for ferruginous hawks and 

0.80 for Swainson’s hawks), moderate overlap in terms of frequency of prey types used, 

and high overlap in terms of prey biomass similarities.  However, these results also vary 

depending on the niche metrics used.  For instance, Horn’s Measure of niche overlap 

provided substantially higher overlap measures (0.55 frequency overlap and 0.70 biomass 

overlap) than did the Simplified Morisita Index for niche overlap (0.31 frequency overlap 

and 0.56 biomass overlap).  In addition, Horn’s Measure of niche overlap proved to be 

the least biased when used in simulations of increasing sample size, resource states, and 

evenness (Krebs 1999).  Again, high inter-specific dietary overlap and breadth is 

probably a reflection of prey resource availability rather than inter-specific dietary 

competition or prey resource partitioning.  However, confirmation of this requires further 

research such as estimations of prey species abundance across breeding seasons as seen 

in Schmutz and Hungle (1988) and Woffinden and Murphy (1989). 

I assessed prey species importance in terms of delivery frequency and biomass 

contribution, where biomass is a function of delivery frequency and individual prey item 
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mass estimates.  However, biomass is the more important measure of the two because it 

represents the actual amount of grams delivered of a particular prey species.  For 

instance, one black-tailed jackrabbit (2300 g) will contribute more grams of food than 

will 50 deer mice (1200 g total).  Thus, using only delivery frequency does not reveal 

grams of food contributed by a prey species and, therefore, can misrepresent the relative 

importance of a species in a diet.  As a result, I considered prey species such as black-

tailed jackrabbits (n = 32, 15.8% of total biomass) and black-tailed prairie dogs (n = 180, 

29.9% of the total biomass) to be more substantial prey resources for breeding 

ferruginous hawks than more frequently delivered prey such as pocket gophers (n = 236, 

10.9% of total biomass). 

Although ferruginous hawks and Swainson’s hawks displayed high dietary 

biomass overlap, distinct differences in prey use were still observed.  As seen in other 

regions of the ferruginous hawk’s distribution, a few relatively larger mammalian prey 

species dominated prey frequency delivery and percentage biomass in this population.  

Breeding ferruginous hawks preyed primarily upon black-tailed jackrabbits in Utah 

(Woffinden and Murphy 1977), northern pocket gophers (Thomomys talpoides) in Idaho 

(Wakeley 1978), Richardson’s ground squirrel in North Dakota (Gilmer and Stewart 

1983), Spermophilus ground squirrels in Montana (Restani 1991), and Richardson’s 

ground squirrels in Canada (Schmutz et al. 1980).  Prairie dog species are the main prey 

resource for wintering ferruginous hawks (Schmutz and Fyfe 1987, Cully 1991, 

Plumpton and Andersen 1997) but had not been reported as a potential breeding season 

prey resource until now.  The black-tailed prairie dog was not the most frequently 

 64



delivered prey item to ferruginous hawk nests in my study area (19.2% as compared to 

25.2% pocket gopher species) but it did contribute the most biomass (29.9%).  Since 

delivered biomass represents actual grams of food contributed to a diet, the black-tailed 

prairie dog can be considered the most important prey resource for this population of 

ferruginous hawks. 

Rodents (31.6%) and rabbits (40.9%) also dominated the diet biomass delivered 

by Swainson’s hawks.  However, reptiles and amphibians (22.3%) and birds (2.1%) 

accounted for significantly more of the Swainson’s hawk diet biomass than for the 

ferruginous hawk.  Although these smaller prey items (e.g., Great Plains skinks, Texas 

horned lizards, and unidentified passerines) contribute lesser biomass to a diet as 

compared to larger mammalian prey, Swainson’s hawks delivered relatively more prey 

items per day and more prey items per nestling per day than ferruginous hawks.  

Ferruginous hawks made fewer deliveries per day, and per day per nestling, but 

compensated for this by delivering larger prey than Swainson’s hawks.  Inter-specific 

nestling provisioning rates were higher for the ferruginous hawk than for the Swainson’s 

hawk, and this may be due to ferruginous hawks producing larger brood sizes and more 

total body mass per nestling. 

Brood size can also affect intra-specific nestling provisioning rates.  Intra-specific 

breeding adults with different brood sizes must somehow compensate for the extra caloric 

demand from larger broods, and this can induce parents to forage further away from the 

nest and/or more often, and select different types and sizes of prey (Wright et al. 1998).  

Palmer et al. (2004) reported that breeding peregrine falcons in Alaska increased their 
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prey delivery rates and prey size with larger broods but that deliveries per nestling 

decreased.  However, the increased prey size compensated for this by providing increased 

grams per nestling in larger broods (Palmer et al. 2004).  Similarly, Masman et al. (1988) 

and Wright et al. (1998) showed that Eurasian kestrels (Falco tinnunculus) and European 

starlings (Sturnus vulgaris) responded to experimentally increased brood sizes by 

increasing foraging efforts and food delivery rates, and changes in food type and mass. 

Prey size, deliveries per day, grams per day, and deliveries and grams per nestling 

per day did not vary significantly for ferruginous hawk nests with different brood sizes in 

our study area.  However, sample sizes for both hawk species may have been too low to  

detect significant differences of prey delivery rates among different brood sizes.  

Nevertheless, I did observe a trend that should be considered biologically significant.  For 

instance, ferruginous hawks delivered approximately 500g of additional food per day for 

each brood size increase (i.e., 2 to 3 to 4 nestlings) (Figure 4.3).  Nestling provisioning 

rates, however, decreased with increasing brood size in terms of both deliveries and 

grams per nestling (Figures 4.2 and 4.3).  Therefore, although ferruginous hawks 

delivered more grams per day with increasing brood size, this effort did not maintain a 

constant nestling provisioning rate (i.e., grams per nestling per day.) 

Delivery variables also did not vary significantly among Swainson’s hawk nests 

with different brood sizes.  However, the same trends of increased deliveries and grams 

delivered for larger brood sizes, but decreased deliveries and grams per nestling were 

observed (Figures 4.2 and 4.3).  Like the peregrine falcons studied by Palmer et al. 

(2004), ferruginous hawks and Swainson’s hawks increased food deliveries and grams 
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delivered per day but, in contrast, did not compensate enough with increased and larger 

prey deliveries to maintain constant grams delivered per nestling per day with increasing 

brood sizes.  This suggests that single nestlings receive an over abundance of food while 

nestlings in larger broods may receive the necessary caloric requirements but experience 

slower growth rates (Olendorff 1974, Wakeley 1978).  Again, despite a lack of statistical 

significance, these trends are consistent for both hawk species and should be considered 

biologically relevant. 

Food delivery rates, nestling provisioning rates, and caloric requirements can also 

vary across the nestling growth period.  Palmer et al. (2004) found no such evidence for 

this but Olendorff (1974) conducted a captive nestling study on food consumption and 

growth rates, and showed that ferruginous hawk nestling peak food consumption 

occurred at post-hatch week 4 and Swainson’s hawk nestling peak food consumption 

occurred at post-hatch week 5.  My results are consistent with this in that ferruginous 

hawks delivered the most grams per nestling per hour during post-hatch days 21- 25, and 

Swainson’s hawks delivered the most grams per nestling per hour during post-hatch days 

36-40. 

In conclusion, although breeding ferruginous hawks and Swainson’s hawks in the 

north Texas panhandle do use prey differently in some regards (e.g., greater reptile and 

bird use by Swainon’s hawks), high degrees of inter-specific dietary breadth and overlap 

suggest that the prey resources for these hawks can be simultaneously managed for.  

However, it must be noted that the inclination of ferruginous hawks to prey upon and 

obtain the majority of their breeding season diet biomass from black-tailed prairie dogs 

 67



should be taken into strong consideration when making management decisions for prairie 

dogs in areas of breeding ferruginous hawks.  Indeed, as many of the previously cited 

studies have shown, breeding and non-breeding ferruginous hawks tend to have lower 

reproductive success and emigrate elsewhere following primary prey (i.e., prairie dog, 

jackrabbit, and ground squirrel species) population reductions.  Based on this study and 

others, I recommend that prairie dog populations in the Texas panhandle be maintained in 

areas of breeding ferruginous hawks.  Management and control of prairie dog colonies 

may be called for in situations of real economic loss but populations should not be 

exterminated.  Furthermore, if the management goal is to maintain and/or increase the 

range of breeding ferruginous hawks in the Texas panhandle, then prairie dog availability 

is a critical requirement.  In addition, providing available nest substrates (e.g., the 

erection of more nesting platforms and cribbing of existing trees for protection from 

cattle activity), and undeveloped and uncultivated grasslands with minimal sources of 

anthropogenic disturbance may also be necessary. 

Human dimensions in the management context of these hawks will also play a 

role in long-term conservation.  Research and conservation support gained through the 

participation and education of local landowners and citizens will result in greater public 

awareness and interest, access to private property, and a more positive and appreciative 

attitude towards wildlife inherited by subsequent generations. 
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