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Isolated populations of northern bobwhites (Colinus virginianus) have declined causing 

many quail managers to attempt population restoration by releasing captive-reared bobwhites 

or translocating wild bobwhites.  I evaluated three restoration techniques: (1) release of 

captive-reared bobwhites, (2) translocation of bobwhites from high densities to low densities, 

and (3) release of captive-reared and translocated bobwhites acclimated on site prior to 

release.  These results show that captive-reared birds have reduced survival and fewer nesting 

attempts when compared to translocated birds and that acclimation time was not a factor.  I 

hypothesized that high mortality rates were caused by captive-reared birds exhibiting different 

predator avoidance behavior than wild birds.  Captive-reared and wild-trapped bobwhites were 

subjected to independent predator simulations and their responses were recorded on high 

definition video.  Threat recognition time, reaction type, and reaction time was recorded for 

comparative analysis.  Pen-reared birds recognized the simulated raptorial and terrestrial 

predator threats quicker than wild-trapped birds, but reaction times were not different among 

groups.  However, the type of reaction was different among groups where pen-reared birds 

typically flushed immediately upon recognizing either simulated predator as compared to wild-

trapped birds which typically ran or held when subjected to the raptorial threat and showed 

little to no observable reaction to the terrestrial threat.  These results reveal a potential loss of 

a holding trait in pen-reared birds, resulting in a quicker revealing of their position in the 

presence of a threat, thereby increasing their risk of predation. 
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CHAPTER 1 

INTRODUCTION 

1.1 Northern Bobwhite Population Decline 

The northern bobwhite (Colinus virginianus), hereafter bobwhite, is a gallinaceous, 

ground nesting bird, native to the southeastern United States and northern Mexico (Bent 1932; 

Brennan 1999).  Bobwhite populations have declined in numbers across their entire range since 

organized population monitoring began in the late 1970s (Brennan 1991; Brennan 2007; Sauer 

et al. 2012).  Even historic high density areas such as parts of Texas and the Southeastern 

United States have far fewer birds than historically observed (Sauer et al. 2012; TPWD 2012).  

Northern bobwhites are expected to exhibit high and low population observations that occur in 

a cyclical pattern; (Stoddard 1931; Leopold 1933; Errington 1945) however, since the 1930s, 

non-typical population declines have been observed ubiquitously across their range (Stoddard 

1931; Leopold 1933).  More recently, population densities have reached a critical level and 

localized extirpations have occurred with increased frequency (Guthery 2002; TPWD 2012; 

Sauer et al. 2012; Figure 1.1). 
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1.2 Possible Causes of the Decline 

Bobwhites historically existed as a large population species with habitat on the 

landscape level (Leopold 1933; Klimstra 1982; Brennan 2007).  As urban sprawl and agricultural 

land use has changed the landscape, the amount of suitable quail habitat has declined and its 

configuration changed (Stoddard 1931; Leopold 1933; Klimstra 1982; Brennan 2007).  Large 

continuously connected populations are more resilient to extreme environmental changes 

other causes of localized mortality (Guthery, Peterson, and George 2000; Fahrig 2003).  

Fragmentation of quail habitat has resulted in separation of large contiguous populations into 

smaller isolated populations (Klimstra 1982; Guthery, Peterson, and George 2000; Brennan 

2007).  The conservation biology concepts of Population Viability Assessment (PVA) and 

Minimum Viable Population (MVP) (Shaffer 1981; Beissinger and McCullough 2002), applies to 
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Figure 1.1 Northern bobwhite populations are declining annually across north Texas.  
Roadside survey data showing an index of abundance in Texas, taken from 1967-2011 
Texas Breeding Bird Surveys (Saur et al. 2012). 
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the Northern bobwhite decline (Guthery, Peterson, and George 2000; Guthery 2002; Lohr et al. 

2011) in that small bobwhite populations are more susceptible to causes of unsustainable 

mortality (Guthery 2002), and may also suffer from the long term effects of an inbreeding 

depression, resulting in less reproduction (Leberg 

1990; Charlesworth and Charlesworth 1999).  This 

localized extinction vortex over time may result in 

localized extirpation from even the most pristine 

habitat when the population is isolated (Gilpin and 

Soule’ 1986). Population recovery-extinction models 

predict a decreasing chance of recovery at higher 

rates of decline in abundance (Akçakaya et al. 1999; Figure 1.2).  

Severe weather events can cause local bobwhite mortality (Guthery et al. 2000b; 

Bridges et al. 2001; Reyna 2010), and evidence exists for the potential of climatic factors such as 

drought to impact bobwhite reproduction (Reyna 2010; Reyna and Burggren 2012).  The Palmer 

Drought Severity Index (PDSI) indicates mid-range, moderate, to severe drought conditions that 

may have an impact on bobwhite reproduction.   

1.3 Bobwhite Habitat and Population Size 

Required components of bobwhite habitat are: 1) protective cover from predators and 

thermal buffering during extreme climatic conditions, 2) plants that produce usable seed and 

harbor insects for nutrition, and 3) suitable nesting cover (Stoddard 1931; Leopold 1933).  

Bobwhite habitat exhibits plasticity or slack, meaning that the habitat requirements are 

constant but found in many forms (Guthery and Bingham 1992; Guthery 1997; Guthery 2002; 

Figure 1.2 Probability of population 
recovery is directly proportionate to the 
percent of Decline (Akçakaya et al. 
1999). 
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Kopp et al. 1998).  For example, bobwhites reside in tall pine forests in Florida, mesquite scrub 

habitat in South Texas, and grasslands across the Midwest. 

Both habitat quality and quantity are necessary for quail (Errington and Hammerstrom 

1936; Lehman 1984; Guthery 1997; Hernandez et al. 2013), but population sustainability hinges 

on population size and distribution within habitat on the landscape level (Errington and 

Hammerstrom 1936; Klimstra 1982; Sandercock et al. 2008).  Large, landscape-level habitat 

characterizes connectivity between breeding populations and species resilience to extirpation 

(Fahrig and Merriam 1985; Taylor et al. 1993; Fahrig 2003). Many landowners have spent many 

decades and resources optimizing their property for quail, with short term success, but the 

decline persists (Stoddard 1931; Leopold 1933; Errington and Hammerstrom 1936; Holechek et 

al. 1982; Greenfield 2002).  In the absence of landscape scale connectivity of quality habitat, 

population maintenance and management may be necessary (Klimstra 1982; Sandercock et al. 

2008; Lohr et al. 2011). 

Isolated populations may be too small to rebound naturally; thus, effective population 

restoration techniques may be needed.  Since small populations are vulnerable to local 

extirpation (Fahrig and Merriam 1985), reinvigoration of breeding populations through re-

introductions and population bolstering may be a direct way to affect the population dynamics 

of the species (Griffith et al. 1989; Ostermann et al. 2001).  Evaluation of release and 

translocation techniques for the purpose of restoration may provide insight into the efficacy of 

these practices as an implement for conservation of this species (Sarrazin and Barbault 1996; 

Ostermann et al. 2001).  
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CHAPTER 2 

INITIAL RESTORATION TECHNIQUES FOR NORTHERN BOBWHITES 

2.1 Introduction 

When wildlife populations are low in numbers, common practices for population 

restoration include species re-introductions (re-introducing species in an area where once 

native) either by translocations (moving birds from an area of high density to lower density) or 

by infusion of captive-reared individuals (animals raised in a captive breeding facility and 

released in the wild). Re-introduction efforts of species experiencing population decline and 

local extirpation have had many successes and failures (Griffith et al. 1989; Ostermann et al. 

2001; Slater 2001).  In the United States White-tailed deer (Odocoileus virginianus) and wild 

turkeys (Melagris gallapovo) recovered with the help of habitat management combined with 

re-introductions (Newman 1945; Lehmann 1948; Allen 1955; McDonald 1993). Wild northern 

bobwhites have historically been translocated all over the world (Phillips 1928). Sustained 

populations have been established in non-native areas of the United States and Europe (Phillips 

1928; Cookingham and Ripley 1964), and captive-reared birds have been released with varying 

success in many parts of the bobwhite range (Pough 1948). Although the goal of these releases 

has typically been to increase hunting opportunity, occasionally new populations have been 

established with these releases (Phillips 1928; Baumgartner 1944; Lay 1954; Kozicky 1993).  

It has been suggested that northern bobwhites have largely declined due to habitat loss 

and fragmentation (Klimstra 1982; Guthery, Peterson, and George 2000; Brennan 2007).  

However, there are regions where landowners and conservation partners have attempted to 

restore habitat to what is believed to be ideal conditions for quail.  In these areas, re-
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introductions and translocation may hold the key to positively influencing declining quail 

numbers by directly bolstering the number of breeding individuals, thereby increasing 

productive potential of local population. 

2.1.1 Translocation of Wild-Trapped Bobwhites 

Successes in translocation of other species such as white-tailed deer (Odocoileus 

virginianus) and wild turkeys (Melagris gallapovo) may indicate possible tools for bobwhite 

conservation.  However, those species differ from Northern bobwhites in their reproductive 

strategies, source population densities, distribution, and position on the food chain (Stoddard 

1931; Dalke et al. 1946; Smith 1991).  Both of the other species follow k-selected reproductive 

strategies more closely, producing only a few offspring each breeding season but with relatively 

high survival rates, opposed to the bobwhite’s r-strategy of possibly producing multiple large 

broods with relatively low survival rates (Stoddard 1931; Dalke et al. 1946; Burger et al. 1995).   

Further, bobwhites being smaller and a ground dwelling bird, typically face higher predation 

pressures. 

Translocations of wild bobwhites within a region for population restoration purposes, 

has been successful in the past (Lehmann 1948).  Region specific adaptations and suitability of 

translocation candidates is critical because translocated quail that have moved from one eco 

region to another exhibit low productivity, higher dispersal, and mortality (Liu et al. 2002).  One 

factor that may limit the feasibility of translocating wild birds is the physical act of acquiring 

source birds in large enough quantities from similar habitat types, especially considering 

population viability models predict >200 individuals are needed to establish a sustainable 

breeding population (Guthery 2002; Guthery and Shaw 2013).  Finally, translocated individuals 
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have demonstrated lower survival, lower productivity, and larger home ranges than tracked 

resident birds on an adjacent study area (Scott et al. 2012). 

2.1.2 Captive-Reared Releases 

 Historically, expected survival rates on captive-reared releases are very low (DeVos and 

Speake 1995; Perez et al. 2002).  Captive-reared releases have been carried out in large scale on 

several occasions with little success on shooting preserves and even by the state of Texas in the 

1930s and 40s (Baumgartner 1944; Pough 1948; Buechner 1950; Lay 1954; Kozicky and Madson 

1966; Davis 1970; Scott 1985; Roseberry et al. 1987).  Comparative studies on captive-reared 

quail and wild bobwhites show physical and behavioral differences that may account for higher 

mortality (Ellsworth et al. 1988; Brennan 1999), yet data shows very little genetic variability, no 

speciation, and high regional adaptive plasticity (Ellsworth et al. 1988; Valentine 2007; Evans et 

al. 2006; Faircloth et al. 2009).  Past evaluations of captive-reared quail releases are often laden 

with biases including stock selection, release method, pre-release handling, nutrition, and 

inappropriate release timing (Hart and Mitchell 1947; Buechner 1950; Kozicky and Madson 

1966).  One study indicates high pre-release mortality and descriptions of poor condition of the 

birds available for release (Davis 1970).  Others report low survival as indicated by low return of 

banded birds in hunters bags the season following a release (Davis 1970; Roseberry et al. 1987; 

Pollock and Moore et al. 1989; Thackston 2006).  There are inherent biases as to these 

evaluations of the suitability of captive-reared bobwhites as a means to increase breeding 

potential in order to recover localized populations.  Negative results are often described as an 

individual bird’s ability to survive some arbitrary amount of time, often during the winter 

months when adult mortality is greatest (Guthery, Peterson, and George 2000; Guthery 2002).  
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A more critical evaluation might gauge the survival percentage of the entire release through the 

breeding season. 

2.2 Research Objectives 

Objective 1: Evaluate the efficacy of translocating wild northern bobwhites from high density 

populations to low density populations to bolster resident wild populations. 

Objective 2: Evaluate the efficacy of releasing captive-reared bobwhites to bolster resident wild 

populations. 

Objective 3: Evaluate the efficacy of releasing of captive-reared bobwhites to establish a 

population in habitat where bobwhites have been extirpated. 

2.3 Methods 

2.3.1 Preliminary Monitoring 

Population indices were recorded at all study sites before and after the experiment.  

Breeding season call counts were recorded in June as an index of annual breeding potential, 

and fall call counts were recorded in October as an index of fall abundance (Ellis et al. 1969; 

DeMaso et al. 1992; Kopp et al. 1998; Rollins et al. 2005; Wellendorf et al. 2005).   

Breeding season call count protocol consisted of a trained technician recording the 

number of individual bobwhite males that produced the “bob-bob-white” mating song.  The 

technician stood at the pre-determined DCA center-point and faced north listening for calls and 

recording the location of the calling bobwhite on the data sheet for 5 minutes.  This process 

was repeated at each DCA center point on a research site beginning at sunrise and ending 3 

hours after sunrise.   

8 



Fall abundance call count protocol consisted of a group of trained technicians recording 

the number of individual bobwhites producing the “koy-lee” covey song.  Each north facing 

technician observed from a different DCA center point on a research site.  Observers remained 

at their assigned DCA site from 1 hour prior to sunrise until sunrise.  Breeding and abundance 

call count data sheets were alike (Figure 2.1).  

Call count indices were compared before and after releases on each study site as well as 

with other regional counts from non-study areas.  Local weather data for release sites was 

obtained from the use of National Weather Service network database (NOAA 2014a).   
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Figure 2.1 Call count diagrams were used for collecting breeding potential and 
abundance index data at study sites. 
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A preliminary survey of potential bobwhite predator species was conducted within each 

study area.  A transect of 5 scent stations distributed across each study were baited with a 

fatty-acid scent impregnated attractant (FAS tablets) (Pocatello Supply Depot, Pocatello, ID) 

were monitored with motion triggered infrared digital cameras (Moultrie D-444, Moultrie 

Feeders, Alabaster, AL) (Linhart and Knowlton 1975; Roughton and Sweeny 1982).  Raptorial 

predators will be surveyed on the same transect, once a day for 3 days during the survey (Fuller 

and Mosher 1987).  This study is intended to depict the presence and diversity of potential 

bobwhite predators on each area.  Discrepancies in species richness and observability may 

indicate management opportunities and potential limits to bobwhite restoration.   

2.3.2 Data Collection Areas (DCAs) 

Data collection areas (DCAs) were established on each property.  DCAs are circular 

areas, 800 m in diameter, marked with a numbered T-post at the center point.  An 800-m 

diameter was used based upon maximum distance that bobwhite calls are audible (Hansen and 

Guthery 2001).  Center point placement was determined through use of geospatial mapping 

software (ArcGIS 10.1, ESRI, Redlands, CA), satellite imagery, and on-the-ground bobwhite 

habitat evaluations across each area.  All experimental work was performed in the DCAs. 

2.3.3 Translocation Study 

2.3.3.1 Donor Population Study Site 

The bobwhite donor site for the translocation (Clay Co. 1) is located in south-central 

Clay County, TX.  An ~1100 hectare unit on the south end of the ranch was utilized for trapping 
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northern bobwhites.  Bobwhite indices show high population numbers as compared to other 

sites in the area (Figure 2.2, TPWD 2012). 
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2.3.3.2 Recipient Population Site 

The translocation recipient study site (Ellis Co. 1) is located in southern Ellis County, TX 

(Figure 5).  The central contiguous area of the ranch is ~2600 hectares with ~1100 hectares of 

native grass prairie.  The ranch has been actively involved in wildlife habitat management 

resulting in high evaluation scores of northern bobwhite habitat; making it a great candidate 

ranch for bobwhite population restoration.  This property has had resident populations of 

bobwhites in the past but a lack of recent pre-translocation observations indicate few 

remaining individuals (personal communication, ranch manager). 

2.3.3.3 Trapping, Transport, and Release 

Wild bobwhites were trapped using baited wire funnel traps on a sampling transect 

containing >20 traps set adjacent to woody vegetative cover following ranch roads on the 

donor study site where bobwhites had been observed (Stoddard 1931; Tarshis 1956; Smith et 

al. 1981).  The number and distribution of the traps was not uniform or random since we were 

collecting individuals for translocation, not sampling for population estimates.  Trapping began 

in February and continued through April of 2013.  Trap sites were pre-baited with whole 

cleaned milo (West Feeds, Inc., West, Texas) or wild-bird seed mix containing white millet, milo, 

cracked corn, wheat, black oil sunflower seed (Royal Wing Classic Mix Wild Bird Food) 1 week 

prior to trap deployment.  Trap lines were inspected <2 hours after sunset and >2 hours after 

sunrise daily.   

Trapped birds were given a uniquely numbered, size 8 identifying aluminum band 

(National Band & Tag Company, Newport, KY, USA) affixed to its tarsus and age, sex, and weight 

data collected (NABC 2001; Pollock and Moore et al. 1989).  Blood samples were taken from the 
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brachial vein (Seutin et al. 1991) for analysis in future studies.  6.5 g necklace style radio 

telemetry transmitters (American Wildlife Enterprises, Monticello, Florida) affixed upon 

recovery at the trap site for later monitoring (Bartholomew 1967; Curtis et al. 1988; Kenward 

2000; Owen 2011).  Wild-captured bobwhites were transported in groups of ≤20 in 45 x 67 x 15 

cm vented, plastic transport crates (#0299 Baby Chick and Grown Quail Coop, GQF 

Manufacturing Company, Savannah, GA), in an open bed pickup truck to the release site within 

48 hours of capture.  Upon arrival at the translocation recipient site, birds were released at a 

DCA center point in the central region of the site.  Transport crates were placed near woody 

vegetative cover and opened allowing the birds to disperse from the release site leisurely 

(Roseberry et al. 1987).   

The locations of the translocated bobwhites were recorded weekly by use of radio 

telemetry, both homing and triangulation methods were used (Bartholomew 1967; Kenward 

2000; Silvy 2012).  Data collected includes survival rates, recovered transmitter location, weekly 

location for determination of dispersal from the release site, and nesting attempts (Roseberry 

et al. 1987; Scott et al. 2012). 

Dispersal distance was calculated by plotting release and recovery or last known 

location on an area map.  Using ArcMap tools (ArcGIS 10.1, ESRI, Redlands, CA), linear distance 

was measured in meters between the points for each subject.  Polygons were also created by 

plotting all release, recovery, and intermediate location coordinates, and connecting them to 

form a range of likely group dispersal for each release site.  A standard error for each release 

group was calculated from the mean weekly dispersal distance of the group and added as a 
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buffer to the dispersal polygons to illustrate potential unobserved activity ranges for each 

release group.   

2.3.4 Captive-Reared Release Studies 

The release of captive-reared bobwhites for restoration was evaluated on 2 areas, one 

with an existing population of bobwhites, the other with no population of bobwhites.  Captive-

reared birds were supplied to the University of North Texas by the Quail Ranch of Oklahoma 

(Wardville, Oklahoma).  Bobwhites were placed in vented 76x60x20 cm waxed cardboard 

transport boxes, containing 25 individuals with near equal sex ratios and transported in an open 

bed pickup truck 295 km (Captive-reared with an Existing Population) and 235 km (Captive-

reared with No Population).   

2.3.4.1 Captive-Reared Recipient Study Sites 

The study area for the captive-reared release into an existing population is a ~1100 

hectare ranch located in northern Clay County (Clay Co. 4).  The Lewisville Lake Environmental 

Learning Area (LLELA) in southeastern Denton County was the extirpated population study area.  

LLELA is ~1100 hectares surrounded by urban Lewisville, Texas on 3 sides, and the lake to the 

north.  The study area is a being used as a demonstration and education model of an isolated 

property undergoing habitat manipulation with native wildlife habitat as the management goal. 

2.3.4.2 Captive-Reared Release Protocol 

Captive-reared bobwhites were released in the first week of May 2013.  Birds were 

given a uniquely numbered, size 8 identifying aluminum band (National Band & Tag Company, 

Newport, KY, USA) affixed to its tarsus and age, sex, and weight data collected (NABC 2001; 

Pollock and Moore et al. 1989).  Blood samples were taken from the brachial vein (Seutin et al. 
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1991) for analysis in future studies.  All females had 6.5 g necklace-style radio transmitters 

(American Wildlife Enterprises, Monticello, FL) affixed for tracking purposes.  All birds were 

separated into boxes (n=20) with a near even sex ratio.  Each group was released within an 

assigned DCA, adjacent to suitable bobwhite habitat determined by use of geospatial mapping 

software (ArcGIS 10.1, ESRI, Redlands, CA), satellite imagery, and on the ground habitat 

evaluation. Escaped birds and mortalities prior to release were censored from the study.   

Locations of released bobwhites were tracked weekly by use of radio telemetry 

receivers (Advanced Telemetry Systems, Inc., Isanti, MN) and their positions recorded on global 

positioning receivers (Garmin GPSMap62stc, Garmin Ltd., Olathe, KS), both homing and 

triangulation methods were used (Bartholomew 1967; Kenward 2000; Silvy 2012).  Data 

collection included survival rates, recovered mortality location, weekly location for 

determination of dispersal from the release site, nesting attempts, and hatching success 

(Roseberry et al. 1987; Scott et al. 2012).   

Dispersal distance was calculated by plotting release and recovery or last known 

location on an area map.  Using ArcMap tools (ArcGIS 10.1, ESRI, Redlands, CA), linear distance 

was measured in meters between the points for each subject.  Polygons were also created by 

plotting all release, recovery, and intermediate location coordinates, and connecting them to 

form a range of likely group dispersal for each release group.  A standard error for each release 

group was calculated from the mean weekly dispersal distance of the group and added as a 

buffer to the dispersal polygons to illustrate potential unobserved activity ranges for each 

release group.   
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Statistical analyses were performed using collected field data from this study compared 

against data from previous studies to determine the efficacy of this method for northern 

bobwhite restoration (Errington 1945; Klimstra and Roseberry 1975; Ellis et al. 1977; Roseberry 

et al. 1987).  Post-release survival curves were calculated with Kaplan-Meier survival estimation 

using the statistical analysis software SigmaPlot software (Systat Software, San Jose, CA) 

(Kaplan and Meier 1958, Pollock, Winterstein, and Conroy 1989).  Log-rank chi-square tests 

were used to compare survival curves from different release groups (Burger et al. 1995).   

Mann-Whitney Rank Sum Tests were used to compare release site to recovery site dispersal 

distances between sites and study years.   

2.3.5 Climatic Conditions 

 Climatic conditions throughout the study were obtained from the use of National 

Weather Service network database (NOAA 2014a).  The nearest weather station to each study 

site was used as the climatic data source.  Historical Palmer drought indices were used to 

determine the severity and frequency of potential drought conditions on our study sites (NOAA 

2014b).  

2.4 Results 

2.4.1 Translocation Results 

In April of 2013 a total of 7 bobwhites were trapped from the donor site and 

translocated to the recipient site.  Mean survival for the Translocation release group was 8.5 

weeks (SE= 2.158, N=7) (Figure 2.3).  Two female translocated bobwhites had 3 total nesting 

attempts and were immediately observed with juveniles after each attempt. Mean total 

dispersal distance for the Translocation group was 526.8 m (n=7, SE= 133.4 m). Limited sample 
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size excludes the Translocation group from comparative analysis with captive reared groups. 

Dispersal polygon area for the Translocation study group was a total of 79 hectares (Figure 2.4).   

 

Figure 2.3 Post-release Kaplan-Meier survival curve of the 2013 bobwhite translocation (Kaplan 
and Meier 1958). 
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Figure 2.4 2013 Translocation release sites and maximum dispersal polygon. Mean, Minimum, 
and maximum dispersal distances as well as standard error are: 313.4 m, 20 m, 781 m, 29.1 m.   
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2.4.2 Captive-Reared Results 

Mean survival for the captive-reared with No Existing Population release group was 

2.422 weeks (SE= 0.188, N=49).  Mean survival for the captive-reared with an Existing 

Population release group was 4.271 weeks (SE= 0.802, N=46).  Survival comparison between 

both captive-reared release groups was not different (Log Rank Test Statistic= 1.682, n1=49, 

n2=46, P=0.195) (Figure 2.5).  Captive-reared bobwhites in the Existing Population release group 

attempted ≥8 nests, with 2 females nesting more than once.  Nest success and subsequent 

survival was not recorded.  No nesting attempts were observed in the No Existing Population 

release group.  Mean of the total straight line dispersal distance between release site and 

recovery site for bobwhites in both captive-reared study groups were not different from each 

other in 2013 (p=0.369).  Mean total dispersal distance in the No Existing Population group was 

410.9 m (n=49, SE=50.2 m). Mean total dispersal distance in the Existing Population group was 

511.6 m (n=44, SE=77.3 m). Mean total dispersal distance between release site and recovery 

site for bobwhites in both captive-reared study groups were not different in 2013 (Mann-

Whitney U Statistic= 702.000, T=1592.000, n1= 37, n2= 43, P = 0.369).  Dispersal polygons for 

the No Existing Population group was a mean of 88.8 hectares (n=8, SE=21.54; Figure 2.6), and a 

mean of 221.5 hectares (n=4, SE=80.86; Figure 2.7) for the Existing Population group. 

Comparisons between captive-reared and translocated release groups were not valid 

due to low sample size in the translocated group. Our survival estimates for Translocated 

bobwhites may lack precision due to having a sample size <20 (Pollock et al. 1989).  A difference 

in average mass existed between captive-reared (211.9 g) and wild-translocated bobwhites 

(147.4 g) (Mann-Whitney U Statistic= 24.500, n1=7, n2= 95, P = <0.001). 
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Figure 2.5  Post-release Kaplan-Meier survival curve of the 2013 bobwhite captive-reared 
releases (Kaplan and Meier 1958).  There was no difference between captive-reared bobwhites 
post-release survival on the No Existing Population and the Existing Population study sites in 
2013 (p=0.195).  Dots represent censor dates for subjects unaccounted for after a specific 
tracking event. 
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Figure 2.6 2013 No Existing Population release site dispersal polygons.  Mean likely dispersal distances and 
standard error for each release site are: Site 1- 318.7 m, 106.9 m Site 2- 677.7 m, 147.7 m Site 3- 553.4 m, 122.7 m 
Site 4- 263.8 m, 87.1 m Site 5- 530.8 m, 115.8 m Site 6- 383.3 m, 185 m Site 7- 278.6 m, 127.7 m Site 8- 170.3 m, 
58.2 m. 
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Figure 2.7 2013 captive-reared with an Existing Population release site dispersal polygons. Mean likely 
dispersal distances and standard error for each release site are: Site 1- 468.5 m, 83.2 m Site 2- 720.3 
m, 118.2 m Site3- 473.2 m, 193 m Site 4- 257.2 m, 50.9 m.   
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2.4.3 Call Count Indices 

In 2012, pre-translocation fall call count indices at the Translocation site, an average of 1 

bobwhite/DCA was observed.  In the fall of 2013, following the spring release of 7 bobwhites at 

DCA 4, 3 bobwhites were observed during 2 counts for an average of 1.5 bobwhites/DCA within 

the 2 DCAs where subjects were released and tracked. There was not a difference in call count 

indices from 2012 to 2013 (T=-0.35355, n1=4, n2=2, P=0.757).  In the fall of 2013, following the 

spring removal of a total 7 bobwhites from the Translocation Donor site, an average of 9 

bobwhites/DCA was observed.  This is not different than the average of 7.5 observed in 2012 

(T=-0.58834841, n1=2, n2=2, two-tailed P=0.66). 

Pre-release fall 2012 call count indices at the captive-reared with No Existing Population 

site showed 0 bobwhites observed.  Following the 2013 spring release of 200 bobwhites in 

groups of ~25 birds at 8 DCAs across the site, 0.5 bobwhite was observed during 2 counts for an 

average of 0.083 bobwhites/DCA within the 6 DCAs where subjects were released and tracked.  

The call count indices from 2012 and 2013 were not different (T=-0.68313, n1=3, n2=6, two-

tailed P=0.516).   

In 2012, pre-release fall call count indices at the captive-reared with an Existing 

Population site, an average of 2.5 bobwhites/DCA were observed.  In the fall of 2013, following 

the spring release of 100 bobwhites in groups of ~25 birds at 4 DCAs across the site, 15.5 

bobwhites were observed during 2 counts for an average of 2.58 bobwhites/DCA within the 6 

DCAs where subjects were released and tracked.  There was not a difference in call count 

indices from 2012 and 2013 (T=-0.07692, n1=4, n2=6, two-tailed P=0.942).   
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A non-study site, the Clay Co. 3 ranch, was found to have an average of 7 bobwhites 

/DCA in 2012.  In the fall of 2013 there was a difference (P<0.001), with an average of 1.286 

bobwhites/DCA were observed.   

Spring breeding bird counts for the captive-reared with No Existing population site had a 

mean of 0.208 bobwhites between all DCAs in 2013.  The captive-reared with an Existing 

population site had a spring count mean of 3.86 bobwhites/DCA in 2012 and 3.175 in 2013.  The 

Translocation site had a spring count mean of 0 bobwhites/DCA in2013.  The Translocation 

donor site had a mean of 6.7 bobwhites between all DCAs in 2012 and 7 in 2013. 

A non-study site, the Clay Co. 3 ranch, was found to have an average spring bird count of 

2.21 bobwhites/DCA in 2012 and 4 in 2013.  A non-study site in Parker County, was found to 

have an average of 2.825 bobwhites/DCA in 2012 and 2.3 in 2013.  A non-study road transect in 

Clay County, Texas, was found to have an average of 3.227 bobwhites/DCA in 2012 and 7.208 in 

2013.  A non-study site, the Hapgood Ranch, was found to have an average of 2.24 

bobwhites/DCA in 2012 and 0.883 in 2013.   

2.4.4 Predator Surveys 

Predator surveys and incidental observations conducted on each release area during the 

study resulted in the detection of known bobwhite terrestrial and raptorial predators were 

recorded (Errington 1935; Tall Timbers 2014; Table 1).    
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Table 1. Terrestrial, raptorial, and nest predators of the Northern bobwhite on North Texas 
release sites in 2013.  

Predator No Existing 
population 

Existing 
Population Translocation 

Bobcat (Lynx rufus) X   

Coyote (Canis latrans) X  X 

Raccoon (Procyon lotor) X X X 

Skunk (Mephitis mephitis) X X  

Opossum (Didelphis virginiana)   X 

Road Runner (Geococcyx californianus)   X 

Wild Turkey (Melagris gallopovo) X X X 

Feral Pig (Sus scrofa)  X X 

White-tailed Deer (Odocoileus virginianus) X X X 

Nine-banded Armadillo (Dasypus novemcinctus)  X X 

Common Raven (Corvus corax)   X 

Red-tailed Hawk (Buteo jamaicensis) X X X 

Mississippi Kite (Ictinia mississippiensis)  X  

Cooper’s Hawk (Accipiter cooperii)  X  

Northern Harrier (Circus cyaneus)  X  

Western Diamondbacked Rattlesnake (Crotalus 
atrox)  X X 

Coachwhip (Masticophis flagellum)  X  

 

2.4.5 Climatic Conditions 

The Palmer Drought Severity Index (PDSI) indicates mid-range, moderate, to severe 

drought conditions throughout the North Central Texas climatological region during the time 

post-release (NOAA 2014b).  The Translocation site experienced a mean temperature of 31.2° 
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C, 0 cm of precipitation, and no extreme weather events during the study.  Mean historic 

weather data during the study and near the site is 26.36° C and 6.55 cm of precipitation.  The 

captive-reared with No Existing Population site experienced a mean temperature of 24.5° C, 

14.98 cm of precipitation, and no extreme weather events during the study.  Mean historic 

weather data during the study and near the site is 24.24° C and 9 cm of precipitation.  The 

captive-reared with an Existing Population site experienced 27.2° C, 26.54 cm of precipitation, 

and a tornado during the study.  Mean historic weather data during the study and near the site 

is 25.82° C and 6.38 cm of precipitation.   

2.5 Discussion 

Roseberry et al. 1987 evaluated the survival of bobwhite releases by obtaining recapture 

percentages of wild-translocated and captive-reared bobwhites.  The methods available at the 

time were dependent upon trapping in release areas and attempting to recover released 

individuals to derive survival data.  Recoveries of released individuals by trapping were divided 

into 2 time periods of survival, 1st a mean of 45 or 33 days from release to recapture, and 2nd a 

mean of 90 days from release to recapture.  While this is an inherently different survival data 

collection method, our translocation group exhibited similar survival of >30% after >17 weeks 

of weekly observation.  Our captive-reared survival dropped to ~8% in <4 weeks compared to 

their 8.1% in the 90 day period, even worse than their conservative survival estimate.  

Roseberry et al. 1987 reports an overwinter (November–February) recovery of released 

captive-reared bobwhites of 8%.  We observed lower captive-reared survival over the same 

length of time, though our releases were performed in a population restoration capacity prior 

to the breeding season rather than in the fall prior to the hunting season.   
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Perez et al. 2002 evaluated survival by the number of days until each release group 

reached 50% survival.  Their results showed both captive-reared and F1 bobwhites (1st 

generation wild parents bred in captivity) reaching the threshold at only 8 days, resident wild 

bobwhites at 47 days, and translocated bobwhites at 32 days.  Our survival data supports these 

results with captive-reared bobwhites reaching median survival at ~2 weeks and translocated 

bobwhites reaching median survival at ~10 weeks.  In their study, Perez et al. charges 

mammalian predation as the cause of death in all groups, this evaluation was made by the 

appearance of the kill site, remains, and the transmitter.   All of our located transmitter sites 

showed signs of predation, however no conclusive evidence can be determined by making 

assumptions based on transmitter appearance and location since a number of factors could 

have resulted in the final position of the transmitter.   

Other studies reported seasonal survival of <1% for captive-reared bobwhites (Speake 

1967; Hutchins and Hernandez 2003; Cass 2008), often attributed to predation, during the first 

2 weeks post release (Hutchins and Hernandez 2003; Oakley et al. 2002; Perez et al. 2002; Fies 

et al. 2000; Devos and Speake 1995; Cass 2008; Woods 2013).  Our results offer further 

evidence of high mortality in captive-reared bobwhites immediately upon release into the wild.    

It is not believed that extreme weather or climatic conditions significantly directed the 

survival of released bobwhites in this study since temperatures and PDSI data were not 

correlative.  Extreme immediate post-release mortality appeared to be caused by predation on 

the captive-reared release sites.  Translocated female bobwhites survived long enough to 

reproduce at least once and predation rates were not higher than those expected from native 

wild bobwhites.  2 translocated males and 2 translocated females did disperse beyond our 
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ability to locate them, this may have been driven by reproductive, social, predation, or resource 

requirement pressures.   

Predation threats were abundant on all study sites.  The diversity of potential predators 

was different among the sites.  The captive-reared with No Existing Population site held a high 

number of bobcats (Lynx rufus) and small terrestrial mammal predators, particularly striped 

skunks (Mephitis mephitis).  Recovered transmitters were often recovered with signs of 

mammalian mastication and 2 were buried in caches typical to bobcat behavior.  Many raptors 

were observed at the captive-reared with an Existing Population site.  Extensive predator 

control efforts for larger predators such as bobcats and coyotes (Canis latrans) may explain a 

lack of observation of these species and the abundance of small mammal predators on the site, 

which may subsequently offer insight into the frequent nest failure experienced.  The 

Translocation release site is highly managed for native cross-timbers wildlife habitat and does 

exhibit a high diversity of wildlife, including potential bobwhite predators.  However, the 

frequency in which small mammalian predators were observed was lower than on the other 2 

sites.   

 Translocated females were reproductively successful, producing 3 nests and were 

observed with subsequent juveniles after vacant nests were located.  Nesting on the captive-

reared with No Existing Population site was never observed.  Rapid post-release mortality and 

predation pressure may have contributed to this result.  Radio tagged females on the captive-

reared with an Existing Population site were observed nesting in 8 separate occasions, though 

none were observed with subsequent juveniles and were not found on nests during expected 

incubation periods.  On several occasions nesting females were accompanied by un-banded, 
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presumably wild, males. Nest predation and abandonment are potential causes of the lack or 

production.  Rapid predation of released captive-reared bobwhites prevents us from 

determining a reason for the disparity between the rate of nesting attempts in captive-reared 

and wild-trapped bobwhites.   

 Post-release dispersal by all bobwhites may have been affected by: handling stress 

(Parker et al. 2012), reproductive cues (Stoddard 1931), intra-species social interactions, 

predator interactions (Caro 2005), pursuit of critical resources, homing instincts, or other 

additional factors, none of which are evaluated in this research.  Some captive-reared release 

groups appeared to move towards certain vegetative structure while others did not.  The 

captive-reared with an Existing Population release sites were characterized by regions of open 

terrain with more dense vegetation in riparian to the north and west, while the captive-reared 

with No Existing Population release sites were characterized by a more uniform distribution of 

wooded vegetation.  It is unclear if this difference in cover types or the interaction between 

released and native bobwhites explains the greater dispersal distances and larger likely 

dispersal polygons on the captive-reared with Existing Population release sites.  Likely dispersal 

polygon size may have been dictated by survival time with smaller polygons exhibiting shorter 

survival times and therefore less time to disperse.   

Extreme lows in survival of captive-reared bobwhites in this study preclude changes 

seen in the call count averages recorded on release sites.  Lower 2013 fall call count 

observation averages than in 2012 at the non-release site at a nearby ranch (Clay Co. 3) may 

indicate a factor of decline external to the conditions caused on the study sites due to the 
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releases. Unchanged averages at the Translocation Donor site from 2012 to 2013 may indicate 

that no positive or negative production impact was made to the donor population.   

Spring breeding bird surveys across all study sites indicate a slight decline from available 

2012 data with the exception of an opposing trend at the northern Clay County road count that 

had an increased mean from 3.227 in 2012 to 7.208 in 2013.  Drought experienced in the area 

during the peak breeding season in 2011 (NOAA 2014b) may have impacted the density of 

breeding adults in 2012 (Guthery et al. 2000; Bridges et al. 2001; Reyna 2010).  

Discrepancies in post-release predator avoidance behavior between wild and captive-

reared birds were observed regularly throughout the study.  When approached post release 

captive-reared bobwhites appeared aware and cautious of human presence, but they often 

failed to flush to cover at the proximity in which wild bobwhites did.  

Mean survival at the Existing Population release site may have been biased by long living 

outlier subjects that took up residence near the house and man-made structures.  Extensive 

terrestrial mammal control, snake eradication, and the presence of trained dogs near this site 

may have reduced predator pressure on these individuals.  In each of these cases, subjects 

were predated the week following their dispersal away from the home site.   

This research delineates limitations of using captive-reared and translocated wild 

bobwhites for population restoration.  Future research should evaluate alternate captive 

rearing techniques that include predator awareness training for bobwhites.  Wild bobwhite 

translocations alone are not suitable for population restoration due to the availability of 

adequate numbers of birds to be trapped and relocated.  Captive-reared bobwhites are not a 

viable tool for population restoration under current production methods because of their 
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inability to survive long enough to reproduction at the release site. The role of wild bobwhites 

in population restoration may be in a nurturing tutorial role for captive-reared bobwhites.  Any 

attempted releases should be timed to avoid major local raptor migrations and allow for a 

period of group cohesiveness prior to the covey breakup period prior to the bobwhite breeding 

season.   
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CHAPTER 3 

ACCLIMATED RELEASES 

3.1 Introduction 

Many potential factors may have contributed to low short-term survival in previous 

releases of bobwhites (captive-reared and translocated).  Pre-release handling, captivity, and 

transport as well as post-release acclimation stress may all lead to mortality and was 

unavoidable using the immediate release method (Chapter 2; Parker et al. 2012).  One way to 

potentially reduce post-release stress and allow for a stabilization of release related stress is to 

perform a soft release method that entails holding the individuals to be released in an on-site 

acclimation enclosure for a pre-determined period of time before liberation into the wild (Beck 

et al. 1994; Parker et al. 2012).  On-site acclimation is believed to increase site fidelity and post-

release survival in some released species (Beck et al. 1994; Hernandez and Perez 2007).  While 

not all species and scenarios have shown positive outcomes from acclimated releases (Griffith 

et al. 1989; Clarke et al. 2002; Wanless et al. 2002; Teixeira et al. 2007), recent success involving 

gallinaceous species with similar life cycles and social behaviors have shown significant 

improvements on post-release survival after a period of acclimation (Lockwood et al. 2005). 

The timing of a release is critical to success (Parker et al. 2012).  Previous studies often 

relied upon mass releases of bobwhites during or just prior to the hunting season associated 

with put and take shooting preserve operations (Buechner 1950, Kozicky and Madson 1966).  

Survival was often determined by live trap recapture or how many released birds were shot by 

hunters at a later date (Buechner 1950; Roseberry et al. 1987).  These recovery methods may 

allude to the long-term survivability of the released birds, but conservation success would 
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better be measured using parameters of short-term post release survival, reproductive success, 

and site fidelity (Parker et al. 2012).  During the fall and winter periods bobwhites experience 

their greatest natural mortality rates of the year (Speake 1967; Guthery, Peterson, and George 

2000; Guthery 2002; Lusk et al. 2002).  Exposure to extreme cold, limited mobility, and 

increased exposure to weather and predators while foraging contribute to this mortality.  Food 

and escape cover resources are more abundant in the spring.  Cohesiveness of social groups has 

been shown to increase survival rates in other social bird species (Clarke et al. 2002).  Extended 

time as a social group before covey break-up may improve survival since the natural 

disassociation of covey social groups also leads to lower predator awareness (Caro 2005).  

Consequently, we hypothesize that releasing birds prior to the peak breeding period for 

bobwhites would reduce long-term exposure to mortal threats before having the opportunity 

to breed.   

3.2 Objectives 

Evaluate survivorship, and nesting success of captive-reared and translocated birds 

using an on-site acclimated soft-release.  

3.3 Methods 

3.3.1 Acclimation Pens 

 Acclimation pen sites were chosen with-in the 2013 release study areas (Chapter 2) 

based upon close proximity to critical bobwhite habitat features including escape cover, food 

sources, and potential nesting cover.  Sites near the center of the study area and the 2013 

release sites were preferred.  Pens were positioned in a way that would allow the enclosure to 

include mostly open grasses with a distribution of woody vegetative structure for escape cover 
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and to limit exposure to extreme weather.  Pen construction took place on the release site prior 

to transport of bobwhites to be released.  The pens were 20.4 m long x 6.1 m wide and 2.4 m 

tall in the center (Hernandez and Perez 2007).   

 Bobwhites held in the acclimation pens at all study sites were fed a ration that 

considered nutritional diversity and a source of dietary water consisting of mixed wild bird seed 

and egg-laying ration (Turkey-Wild Game Crumble, West Feeds, Inc., West, Texas), sliced 

cucumber, and frozen mixed vegetables (peas, carrots, and broccoli). 

3.3.2 Wild Bobwhite Acclimation 

 We applied an on-site acclimation treatment to both sources on all release sites to 

facilitate potential comparisons.  Wild bobwhites to be translocated to the Ellis County 

recipient site were trapped 7 March 2014 – 6 April 2014 using baited Stoddard style live traps 

from the Clay County donor site (Chapter 2). Trapped birds were given a uniquely numbered, 

size 8 identifying aluminum band (National Band & Tag Company, Newport, KY, USA) affixed to 

its tarsus and age, sex, and weight data collected (NABC 2001; Pollock and Moore et al. 1989).  

Blood samples were taken from the brachial vein (Seutin et al. 1991) for analysis in future 

studies.  6.5 g necklace style radio telemetry transmitters (American Wildlife Enterprises, 

Monticello, Florida) affixed upon recovery at the trap site for later monitoring (Bartholomew 

1967; Curtis et al. 1988; Kenward 2000; Owen 2011).  Wild-captured bobwhites were 

transported in groups of ≤20 in 45 x 67 x 15 cm vented, plastic transport crates (#0299 Baby 

Chick and Grown Quail Coop, GQF Manufacturing Company, Savannah, GA), in an open bed 

pickup truck to the release site within 48 hours of capture.  Wild-trapped bobwhites for this 
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experiment were also subjected to the predator avoidance behavior experiment prior to 

transport to the acclimation pen (Chapter 5).   

The unpredictable nature of trapping wild bobwhites obliged us to transport and begin 

acclimation periods of the subjects as we were successful in trapping efforts.  Accordingly, 

acclimation group size, sex composition, and start/end times were subject to trapping success.  

Groups of bobwhites were trapped and transported on 8 March 2014–13 March 2014, 23 

March 2014, and 6 April 2014.  Acclimation periods were 18–23 days, 7 days, and 0 days.    

3.3.3 Captive-Reared Bobwhite Acclimation 

 This study evaluated the efficacy of acclimating captive-reared bobwhites prior to 

release for restoration purposes. As in our previous study (Chapter 2), we released captive-

reared birds on 2 study sites, 1) No Existing Population of bobwhites and 2) with an Existing 

Population of bobwhites.  Captive-reared birds were obtained from the Quail Ranch of 

Oklahoma (Wardville, Oklahoma) in 3 separate shipments transported by truck in shipping 

coops (Chapter 2.3.4) on 21 March 2014, 28 March 2014, and 4 April 2014.  All birds were given 

a uniquely numbered, size 8 identifying aluminum band (National Band & Tag Company, 

Newport, KY, USA) affixed to its tarsus and age, sex, and weight data collected (NABC 2001; 

Pollock and Moore et al. 1989).  Blood samples were taken from the brachial vein (Seutin et al. 

1991) for analysis in future studies.  Each shipment of 60 bobwhites was divided with half going 

to each study area and ~20 subjects in each group affixed with a necklace style radio 

transmitter (American Wildlife Enterprises, Monticello, FL).  Processing took place in University 

of North Texas Biology facilities (Denton, Texas).  All birds were transported to study sites and 

transferred into acclimation pens within <24 hours from pickup from the supplier.   
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3.3.4 Post-Release Data Collection 

 Bobwhite acclimation groups on each site were released simultaneously in order to limit 

confounding temporal factors like weather, food availability, and predation pressure.  Locations 

of released bobwhites were tracked weekly by use of radio telemetry receivers (Advanced 

Telemetry Systems, Inc., Isanti, MN) and their positions recorded on global positioning receivers 

(Garmin GPSMap62stc, Garmin Ltd., Olathe, KS) once every 48 hours post-release for the first 

10 days and ≥ once per week until: all transmitters were recovered, no transmitters could be 

located in 4 consecutive tracking sessions, or the last week in August.  Both homing and 

triangulation methods were used (Bartholomew 1967; Kenward 2000; Silvy 2012).  Data 

collection included survival rates, recovered mortality location, weekly location for 

determination of dispersal from the release site, nesting attempts, and hatching success 

(Roseberry et al. 1987; Scott et al. 2012).   

Surviving bobwhites were located by homing until visual confirmation was obtained.  

Associates, habitat, and behaviors were noted for later analysis.  Individuals located on nests 

were not disturbed when possible.  Nest coordinates were recorded and the location was 

marked in the field using surveyor’s tape to facilitate relocation during subsequent tracking.  

When possible, unattended nests were investigated, clutch size and nesting substrate was 

recorded.  Nest attempts were considered successful if nest site was found vacant and the 

associated radio marked bobwhite was observed with age appropriate juveniles.  Nest attempts 

were a failure if the clutch was abandoned or destroyed prior to a hatch.  If no direct evidence 

of hatch or failure was observed the nest was recorded as an attempt.   
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3.3.5 Data Analysis 

 All collected release, survival, nesting, and location data was stored as field data sheet 

hard copies and transferred into a database (Microsoft Excel 2010, Redmond, Washington) for 

organization, monitoring, and statistical analysis Sigma Plot software (Systat Software, San Jose, 

CA) was used for all survival and dispersal comparisons.  Kaplan-Meier Survival Curves were 

used to analyze survival and log-rank tests used to compare between release groups and 

methods (Kaplan and Meier 1958).   All GPS coordinates were imported into a geospatial 

analysis software suite (ArcGIS 10.1, ESRI, Redlands, CA) to produce visual location plots of 

maximum dispersal, and calculate weekly and final dispersal of all released subjects.   

 Likely dispersal polygons were created by plotting all release, recovery, and 

intermediate location coordinates, and connecting them to form a range of maximum group 

dispersal for each release site.  A standard error for each release group was calculated from the 

mean weekly dispersal distance of the group and added as a buffer to the dispersal polygons to 

illustrate potential unobserved activity ranges for each release group.   

3.4 Results 

3.4.1 Acclimation Periods 

 Bobwhites in the captive-reared with No Existing Population release group showed no 

difference in survival between 0, 7, and 14 day acclimation groups (p=0.897, Figure 3.1).  

Bobwhites in the captive-reared with an Existing Population release group showed a significant 

difference between 0 day,  7 day and 14 day survivorship curves when using a Log-rank test 

(p=0.047, Figure 3.2).  Pair-wise multiple comparisons between groups showed no statistical 

difference between any 2 groups using the Holm-Sidak method.  Survival in acclimation groups 
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at the translocation study site were not different (p=0.741, Figure 3.3).  Acclimation groups’ 

survival time data was pooled for survival comparisons between study sites since there was no 

difference between acclimation groups.   

 

Figure 3.1 Kaplan-Meier survival curves for captive-reared bobwhites released at the No 
Existing Population site in 2014 (Kaplan and Meier 1958).  Changes in y-values are indicated by 
steps in the line.  Dots represent a censored subject’s last observation.  Curves were compared 
using a Log-rank analysis and no difference was found in survival time between groups 
acclimated for 14, 7, or 0 days prior to release.   
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Figure 3.3  Kaplan-Meier survival curves for wild-trapped bobwhites released at the 
Translocation site in 2014 (Kaplan and Meier 1958).  Changes in y-values are indicated by steps 
in the line.  Dots represent a censored subject’s last observation.  Curves were compared using 
a Log-rank analysis and no difference was found in survival time between groups acclimated for 
18-23, 7, or 0 days prior to release. 

Figure 3.2 Kaplan-Meier survival curves for captive-reared bobwhites released at the Existing 
Population site in 2014 (Kaplan and Meier 1958).  Changes in y-values are indicated by steps in 
the line.  Dots represent a censored subject’s last observation.  Curves were compared using a 
Log-rank analysis and no difference was found in survival time between groups acclimated for 
14, 7, or 0 days prior to release.   
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3.4.2 Translocation Results 

 Mean survival in the Translocation release group was 11.54 weeks (SE=2.920, N=9).  Two 

Translocated bobwhites had 3 nesting attempts, one of which made a subsequent attempt 

after an indeterminate failure.  Median total dispersal distance for the Translocation group was 

622.8 m (N=3).  Dispersal polygon area for the Translocation group was a total of 496 hectares 

(Figure 3.4).   
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Figure 3.3 2014 Translocation acclimation pen release site and maximum dispersal polygon.  Mean, 
Minimum, and maximum dispersal distances as well as standard error for the release site are: 585.3 
m, 63.4 m, 1597.8 m, 348 m. 
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3.4.3 Captive-Reared Results 

Mean survival in the captive-reared with No Existing Population release group was 1.914 

weeks (SE=0.255, N=62), mean survival in the captive-reared with an Existing Population release 

group was 1.404 weeks (SE=0.0903, N=67), Survival comparison between both captive-reared 

release sites with all acclimation periods pooled using a Log-rank test was not different (n1=62, 

n2=67, p=0.135).  Comparisons between Captive-reared and translocated release groups were 

not valid due to low sample size in the translocated group.  No nesting attempts were observed 

in the captive-reared with No Existing Population release group.  A single captive-reared 

bobwhite had a failed nesting attempt in the captive-reared with an Existing Population release 

group.  Median total dispersal distance for the captive-reared with No Existing Population 

group (243.7 m, N=53), and the median total dispersal distance for the captive-reared with an 

Existing Population group (125.1 m, N=59), were not different in 2014 (Mann-Whitney U=1059, 

n1=53, n2=59, p=0.003).  Limited sample size excludes the Translocation group from 

comparative analysis.  Likely dispersal polygon areas for the No Existing Population group was a 

total of 235 hectares (Figures 3.5), and a total of 32 hectares for the Existing Population group 

(Figures 3.6).  
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Figure 3.4 2014 No Existing Population acclimation pen release site and maximum dispersal polygon.  
Mean, Minimum, and maximum dispersal distances as well as standard error for the release site are: 
275.6 m, 24.5 m, 1912.3 m, 38.9 m. 
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Figure 3.5 2014 Existing Population acclimation pen release site and maximum 
dispersal polygon.  Mean, Minimum, and maximum dispersal distances as well as 
standard error for the release site are: 182.5 m, 12.3 m, 477.8 m, 17.5 m. 
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3.4.4 Call Count Indices 

In the fall of 2014, following the spring release of a total 9 wild bobwhites at the 

Translocation acclimation pen site, an average of 2 bobwhites/DCA were observed within the 

release and tracking area was not different from the mean of 1.5 bobwhites/DCA observed 

after the 2013 release (T=-0.75593, n1=3, n2=4, two-tailed P=0.484). 

In the fall of 2014, following the spring removal of a total 9 bobwhites from the 

Translocation Donor site, an average of 3.5 bobwhites/DCA were observed in the area where 

birds were trapped and translocated.  This is not different than the average of 9.67 observed in 

2013 (T=3.7, n1=2, n2=2, two-tailed P=0.168). 

In the fall of 2014, following the spring release of a total 99 captive-reared bobwhites at 

the No Existing Population acclimation pen site, a single bobwhite for an average of 0.17 

bobwhites/DCA was observed within the release and tracking area.  The fall call count indices 

from 2013 and 2014 were not different (T=-0.52523, n1=6, n2=6, two-tailed P=0.616). 

Following the spring release of a total 90 captive-reared bobwhites at the Existing 

Population acclimation pen site, a fall call count average of 7 bobwhites/DCA were observed 

within the release and tracking area.  The indices from 2013 and 2014 indicate an increase in 

abundance (T=-2.59698, n1=5, n2=5, two-tailed P=0.0484) when compared across DCAs where 

releases or tracking took place in either year of the study.     

A non-study site, the Clay Co. 3 ranch, was found to have an average of 1.286 bobwhites 

/DCA in 2013.  In the fall of 2014 there was a difference (P<0.001), with an average of 7.1 

bobwhites/DCA observed.  The Clay Co. 4 ranch was found to have an average of 6.2 bobwhites 
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/DCA in 2013.  In the fall of 2014 there was no difference (P=0.524), with an average of 7.555 

bobwhites/DCA observed.   

Spring breeding bird counts for the No Existing population site had a mean of 0.208 

bobwhites between all DCAs in 2013 and 0 in 2014.  The Existing population site had a spring 

count mean of 3.175 bobwhites/DCA in 2013 and 3.675 in 2014.  The Translocation site had a 

spring count mean of 0 bobwhites/DCA in 2013 and 0.469 in 2014.  The Translocation donor 

site had a mean of 7 bobwhites between all DCAs in 2013 and 3.833 in 2014. 

A non-study site, the Clay Co. 3 ranch, was found to have an average of 4 

bobwhites/DCA in 2013 and 3.867 in 2014.  A non-study site in Parker County was found to 

have an average of 2.3 bobwhites /DCA in 2013 and 5.267 in 2014.  A non-study road transect 

in Clay County, Texas, was found to have an average of 7.21 bobwhites/DCA in 2013 and 4.021 

in 2014.  A non-study site, the Hapgood Ranch, was found to have an average of 0.88 

bobwhites/DCA in 2013 and 0.8 in 2014.   

3.4.5 Predator Survey 

Predator surveys and incidental observations conducted on each release area during the 

study resulted in the detection of known terrestrial bobwhite predators, Raptorial predators, 

nest predators (Errington 1935, Tall Timbers 2014), (Table 2). 
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Table 2. Terrestrial, raptorial, and nest predators of the Northern bobwhite in North Texas 
release sites in 2014.  

Predator No Existing 
population 

Existing 
Population Translocation 

Bobcat (Lynx rufus)    
Coyote (Canis latrans) X X X 

Raccoon (Procyon lotor) X X X 
Skunk (Mephitis mephitis) X X X 

Opossum (Didelphis virginiana)  X  
Road Runner (Geococcyx californianus) X  X 

Wild Turkey (Melagris gallopovo) X  X 
Feral Pig (Sus scrofa)  X X 

White-tailed Deer (Odocoileus virginianus) X X X 
Nine-banded Armadillo (Dasypus novemcinctus) X X  

Common Raven (Corvus corax)   X 
Red-tailed Hawk (Buteo jamaicensis) X X  

Mississippi Kite (Ictinia mississippiensis) X X  
Cooper’s Hawk (Accipiter cooperii)  X X 
Northern Harrier (Circus cyaneus)  X X 

Western Diamondbacked Rattlesnake (Crotalus 
atrox)  X X 

Coachwhip (Masticophis flagellum)  X  
 

3.5 Discussion 

 Our objective for incorporating an acclimation time into the release process was to 

improve survival immediately post-release.  Comparison of long, short, and no acclimation time 

showed no difference between groups and post-release survival time for captive-reared 

bobwhites was decreased in the process, with survival in the No Existing Population group 

having a mean survival time of 2.422 weeks in 2013 and 1.914 weeks in 2014 (P=0.069), leading 
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to the conclusion that the acclimation process for captive-reared bobwhites is ineffective in 

increasing post-release survival time.   

An evaluation of pre-release acclimation duration for adult northern bobwhites was not 

found in the literature.  However, recent reviews of the efficacy of commercially available field-

deployed bobwhite chick incubation systems, which could be viewed as a juvenile acclimated 

release, determined the practice ineffective for restoring bobwhite populations (Hagen 2011; 

Kinsey 2011).  Our results contrasted with those of Lockwood et al. (2005) finding Attwater’s 

prairie chickens (Tympanuchus cupido attwateri ) held in pens at the release site for 14 days 

had greater survival than those held for 3 days in the first 2 weeks post-release, but no 

difference after.  Lockwood et al. 2005 points out that the improved survival of the longer 

acclimation group may have been a result of the timing of the releases with the later 14 day 

group benefitting from socializing with surviving members of the previously released 3 day 

group, though the groups were never observed together.  All of our acclimation groups were 

released at the same time to prevent these types of confounding factors.  Our results indicate 

no improvement in post-release survival in acclimated bobwhites.  Confinement of a large 

group of captive birds may have attracted predators to the release site and contributed to the 

increased short term mortality of released bobwhites.   

In 2014 the Existing Population acclimation pen release site was within DCA 3 and all 

tracking occurred entirely within this location.  Impacts of the release may have been 

experienced in the native bobwhite population outside of DCA 3 in the form of dispersal 

pressure and attraction of predators.  When all Existing population DCAs on this site from both 

years of the release study are included, the comparison indicates an increase in mean 
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bobwhites/DCA in 2013 and 2014 (p=0.0484).  However, since most of the released bobwhites 

were marked with radio telemetry and recovered as mortalities in fewer than 3 weeks post-

release it is not believed that the release played a role in the improvement due to the survival 

time being less than the amount of time required for successful reproduction.  Elevated 2014 

index results for non-release sites in the area support this conclusion.   
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CHAPTER 4 

PREDATOR AVOIDANCE BEHAVIOR 

4.1 Introduction 

Northern bobwhite populations have declined (Sauer et al. 2012), causing many quail 

managers to attempt population restoration by releasing captive-reared birds (Buechner 1950; 

Chapter 2 and 3).  These attempts at restoration are hindered by high mortality rates 

(Baumgartner 1944; Roseberry et al. 1987; Woods 2013; Chapter 2 and 3).  Therefore, this 

study was designed to test the hypothesis that failure to restore populations is due to captive-

reared birds exhibiting different predator avoidance behavior than wild birds.   

Captive-reared bobwhites have been known to exhibit potentially unnatural behavioral 

responses and characteristics when incidentally subjected to a predator stimulus (Dimmick and 

Yoho 1972; Stoddard 1931; Roseberry et al. 1987; Woods 2013).  Observed behavioral 

differences exhibited by  released captive-reared bobwhites, as compared to wild,  include a 

tendency to remain still in the presence a perceived terrestrial threat and flush only after 

potential predators advanced to an unnaturally close distance, as well as a lower perceived 

flight speed, and a less elusive flight upon flushing (Roseberry et al. 1987; Perez et al. 2002).  In 

a controlled environment experiment, Nestler and Langenbach (1946) noticed a difference in 

degree of wariness and timidity in the behavior of captive-reared bobwhites of captive and wild 

descent when compared to that of wild-trapped bobwhites.  No difference in behaviors were 

observed between birds from either wild or captive bred lineage.  This may indicate wariness 

and level of stress caused by the presence of potential predators to be learned, rather than 

inherent traits.  Captive-reared bobwhites may also exhibit, on-average, higher body weights 
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which may reduce evasion speed and height of flush; thus, reducing evasion efficacy (Stoddard 

1931; Hill 1971; Kullberg et al. 1996).  One experiment involving various covey sizes of captive-

reared bobwhites demonstrated behavioral responses including group vigilance, flushing, and 

warning calls to the presence of a predator model (Williams et al. 2003).  This study lacked data 

on the response to active predator attack.  Together, these studies illuminate some predator 

avoidance behavioral problems of captive-reared bobwhites but does not explore potential 

differences when compared to wild bobwhite behavior.  In this study wild-trapped and captive-

reared bobwhites were subjected to simulated predator attacks within an experimental pen.  

Behavioral response by the bobwhites to the stimulus were recorded and quantified for 

comparative analysis (Kullberg et al. 1996; Williams et al. 2003).   

4.2 Objectives 

Objective 4: Compare simulated predator avoidance behavior in captive-reared and 

wild-trapped bobwhites. 

4.3 Methods 

All captive-reared birds were obtained from the Quail Ranch of Oklahoma, a commercial 

wildlife breeder licensed by the Oklahoma Department of Wildlife, (License #7789).  All wild 

bobwhites in this study were obtained from Clay County, TX using collapsible walk-in funnel 

traps baited with whole milo (Stoddard 1931; Smith et al. 1981; Texas Parks and Wildlife 

Scientific Research Permit SPR-0712-933).  Once attained, birds were given a unique numbered 

band affixed to their tarsus, assigned to an experimental group, and their age and gender were 

recorded from physical markings.  All wild birds were subjected to the experimental regime and 
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released at the site of capture within 24 hrs.  This study was conducted under University of 

North Texas Animal Use Protocol (1205-08).   

4.3.1 Experimental Setting 

A 10 m x 5 m x 4 m outdoor flight pen housed the experiment, ~30 km from the wild-

bird capture site (Figure 4.1).  The framework was constructed of ¾” schedule 40 PVC conduit 

with a single layer of ½” Toprite® Game Farm Netting (J.A. Cissel Manufacturing Company, 

Lakewood, NJ).  The size of the pen was designed similarly to game farm flight pens, being large 

enough to allow bobwhites to initiate a flight response, yet small enough to restrict their 

position to a central location.  This schema allowed us to record behavioral responses of 

multiple birds from a single simulated predator attack.  Black boxes were installed in one end of 

the pen to camouflage and house both simulated predators, preventing the birds from reacting 

to the stimuli prior to triggering the attack.   
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4.3.2 Raptorial Predator Stimulus 

A wooden model of Cooper’s hawk (Accipiter cooperii) was painted black to look like a 

silhouette, simulating a raptorial predator (Figure 4.2).  The top of the predator had wire hooks 

mounted to its surface for catchment of the diving model after one simulated attack.  This 

raptorial model was suspended from the top center of the enclosure ceiling by a transparent, 

monofilament fishing-line tether 350 cm in length.  It was then hoisted into the loaded position, 

obscured from bobwhite view, inside a black hide box affixed at the top of one end of the 

enclosure.  When released, it dropped in a pendulant arching flight path towards the center of 

Figure 4.1 Bobwhite experimental pen (10 m x 5 m x 4 m) used for predator attack simulations.  
Constructed in Henrietta, TX. 
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the enclosure (apex point and location of experimental bobwhites) and continued on the 

arching path until the hooks on the top of the model caught suspended cross wire to prevent 

swinging backwards into flying bobwhites.   

 

Figure 4.2 Raptor threat model used in predator attack 
simulations on northern bobwhites (Colinus virginianus).  
The silhouette shape and measurements (46 cm x 83.8 
cm) are modeled after perimeters that represent a 
Cooper’s hawk (Accipiter cooperii), a natively occurring 
raptorial threat in the north Texas study area (Curtis et 
al. 2006).   
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4.3.3 Terrestrial Mammal Predator Stimulus 

A model of a general mammalian terrestrial predator was constructed by covering a 

radio controlled toy car with brown faux fur (Figure 4.4).  It was obscured from view inside a 

black hide box placed on the ground at one end of the enclosure.  Upon initialization of the 

attack the model drove out of the hide box, through the center of the enclosure, and across to 

the other end.  

4.3.4 Video Data Collection 

High definition video recording equipment (GoPro Hero3+ Silver CHDHN-302, GoPro 

Inc., San Mateo California, USA) were positioned on 3 sides of the enclosure perpendicular to 

one another as to capture lateral and vertical reactions as well as record a top-down view.  All 

cameras were synchronized to a remote recording trigger (Smart Remote, GoPro Inc., San 

Figure 4.3 The terrestrial mammal threat model used in 
predator attack simulations on northern bobwhites 
(Colinus virginianus).  The measurements (30.5 cm x 
45.7 cm) are modeled after perimeters that represent a 
range of natively occurring mammalian threats in the 
north Texas study area. 
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Mateo California, USA).  While the experimental birds were positioned in the attack trajectory 

zone within the enclosure (pen center), recording was initialized and a predator threat stimulus 

was deployed.  Recorded video from the experiments were labeled and stored for later 

laboratory review.  Collected video from all 3 cameras was analyzed using Tracker Video 

Analysis and Modeling Tool (Brown 2009).  Video playback from the 3 camera angles was 

synchronized using the first frame of visible predator model motion as the start of the attack.   

4.3.5 Experimental Design 

Prior to the experiment, leg band number, gender, and experimental group number (1–

3 birds) were recorded on data log sheets.  Birds were then placed into the enclosure inside a 

transport coop (#0299 Baby Chick and Grown Quail Coop, GQF Manufacturing Company, 

Savannah, GA).  The coop was placed along one edge of the enclosure with the door opened 

towards the central area, which was baited with whole milo (West Feeds, Inc., West, Texas), 

commercial poultry feed (Turkey-Wild Game Crumble, West Feeds, Inc., West, Texas), and 

sliced cucumber.  Each experimental group was subjected to each threat once, in a random 

order.  The attack simulation took place in ≤7 seconds.  The alternate attack simulation was 

initialized when the birds returned to the attack trajectory zone.  After the simulation a 

technician would enter the enclosure to recapture the birds and return them to the transport 

coop and the simulation was reset by returning the deployed predator model to its pre-

deployment status.  The door to the coop was then re-opened and bobwhites were allowed to 

return to the enclosure. 

Time (seconds) from attack start until visible recognition of a threat was recorded as 

Threat Recognition Time.  Time (seconds) from threat recognition until initialization of an 
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avoidance behavior was recorded as Reaction Time.  We also categorized the reaction type 

based on categorical reactions of the experimental birds.  The Tracker software allowed us to 

also measure distances using landmarks in the video frame taken from the top-down camera.   

4.3.6 Data Analysis 

Sigma Plot software (Systat Software, San Jose, CA) was used to make statistical 

comparisons and analyses of this data.  Mann-Whitney Rank Sum Tests (Zar 1999) were used to 

compare Threat Detection Time and Reaction Time of the experimental bobwhites by origin 

and predator type.  Reaction Type was compared using a Chi-squared analysis.   

4.4 Results 

A total of 192 simulated attacks were conducted on 78 captive-reared and 18 wild-

trapped bobwhites.  Threat recognition times were faster for the raptorial threat in both wild-

trapped and pen-reared groups, (p<0.001, p=0.004), (Figures 4.5 and 4.6).  Threat recognition 

time was faster in captive-reared bobwhites than wild-trapped when all simulations were 

pooled (P = 0.002), (Figure 4.7).  Cessation of previous behavior, head turns, and posture 

changes were common cues.  These cues were observed in all experimental birds, in every trial.   
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Figure 4.4 Captive-reared bobwhites displayed threat recognition behavioral changes when 
subjected to a simulated raptorial more quickly than a terrestrial attack (p<0.001). 
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Figure 4.5 Wild-trapped bobwhites displayed threat recognition behavioral changes when 
subjected to a simulated raptorial more quickly than a terrestrial attack (p<0.004). 
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Figure 4.6 Captive-reared bobwhites displayed threat recognition behavioral changes when 
subjected to a simulated attack more quickly than wild-trapped bobwhites when all simulations 
were considered (p=0.002). 
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Reaction times by captive-reared bobwhites were faster for the raptorial attack (Median 

= 0.384) than the terrestrial attack (Median = 0.793), (n1 = 82, n2 = 74, P = 0.003), (Figure 4.8).  

Reaction times by wild-trapped bobwhites were not different between terrestrial (Median = 

0.843) and raptorial (Median = 0.309) attack types (n1 = 18, n2 = 18, P = 0.091), (Figure 4.9).  

There was no difference between pooled reaction times of wild-trapped (Median = 0.680) and 

captive-reared (Median = 0.601) bobwhites independent of attack type (T = 1567.5, n1 = 20, n2 

= 145, P = 0.646), (Figure 4.10).   
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Figure 4.7 Captive-reared bobwhites exhibited faster reaction times when subjected to 
simulated raptorial attack than to a simulated terrestrial predator attack (p=0.003). 
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Figure 4.8 Wild-trapped bobwhites exhibited no difference in reaction time when subjected to 
simulated raptorial or terrestrial predator attacks (p=0.091).  
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Figure 4.9 Captive-reared and wild-trapped bobwhites did not exhibit a difference in reaction 
time when subjected to a simulated predator attack when all simulations are considered 
(p=0.646).    
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All reaction behaviors fell into one of 6 categories: (1)  No Observable Reaction, no 

change from prior behavior through the attack simulation; (2) Agitation, increased motion in a 

frantic pattern with terrestrial movement <0.5 m; (3)  Run, terrestrial movement away from the 

threat >0.5 m; (4)  Freeze, complete cessation of previous motion, remaining still and lowered 

to the ground through the attack simulation; (5) Flush, vertical lift-off from the ground during 

the attack simulation; and (6) Delayed Flush, vertical lift-off from the ground after the initial 

attack pass.   

Captive-reared bobwhites tended to flush immediately regardless simulated attack type, 

demonstrating independence between the stimulus and behavioral responses (P < 0.001, Table 

3, Figure 4.11).  Wild-trapped reaction types, however, were dependent upon the stimulus type 

(P = 0.066, Table 4, Figure 4.11).  Wild birds did not immediately flush like captive-reared birds 

and displayed more “holding,” ground running, or delayed flush behavior (Figure 4.11). 
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Table 3.  Proportions of captive-reared bobwhite reaction types when subjected to Terrestrial 
and Raptorial attack stimuli. 

 Reaction Types 

 Terrestrial Stimulus (n = 82) 

 
No Observable Freeze Run Flush Delayed Flush Agitation 

Counts 0 10 11 38 19 4 

 % 0 12.195 13.415 46.341 23.171 4.878 

  Raptorial Stimulus (n = 74)   

Counts 6 4 12 48 3 1 

% 8.108 5.405 16.216 64.865 4.054 1.351 

*Chi-square = 22.864 with 5 degrees of freedom. (P < 0.001) Power of performed test with alpha = 0.050: 0.980  
 

Table 4. Proportions of wild-trapped bobwhite reaction types when subjected to Terrestrial and Raptorial attack 
stimuli. 

 Reaction Types 

 Terrestrial Stimulus (n = 15) 

 
No Observable Freeze Run Flush Delayed Flush Agitation 

Counts 1 2 6 1 3 2 

 % 6.667 13.333 40 6.667 20 13.333 

  Raptorial Stimulus (n = 18)   

Counts 8 1 5 0 0 4 

% 44.444 5.556 27.778 0 0 22.222 

 *Chi-square = 10.348 with 5 degrees of freedom. (P = 0.066) Power of performed test with alpha = 0.050: 0.691 
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Figure 4.10 Reaction types of wild-trapped and pen-reared northern bobwhites when 
subjected to simulated raptorial or terrestrial attacks.  Wild-trapped subjects showed a 
variability in their reaction type dependent upon the attack method.  Pen-reared subjects 
tended to flush immediately to both attack types.   
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4.5 Discussion 

 Personal and previously published observations of captive-reared bobwhite behavior led 

us to hypothesize that captive-reared birds were less capable of recognizing and responding to 

predation threats than wild birds and were reluctant to flush (Nestler and Langenbach 1946; 

Roseberry et al. 1987; Perez et al. 2002; Woods 2013).  High mortality in released captive-

reared bobwhites appeared to be caused primarily by mammal predation (Perez et al. 2002; 

Chapter 2 and 3).  Numerous encounters with radio tagged captive-reared bobwhites that 

would not flush, even at <2 m proximity, (personal observation) suggest that captive-raised 

birds might be more susceptible to predation by terrestrial mammals.  Unexpectedly, this 

experiment demonstrated that captive-reared birds identified predators quicker and reacted 

faster than wild-trapped birds.  This faster response may be the result of captive-reared birds 

being subjected to the presence of potential predators more often, but actual predation 

attempts rarely during the captive-rearing process, resulting in the development of a different 

response behavior than wild birds.  Lack of an observed reaction may be a misinterpretation of 

a natural and appropriate deliberation time exhibited by wild birds.  However, upon dissecting 

the results, it seems the more valued result may be the difference in reaction type between 

captive-reared and wild-trapped birds.   

When faced with an attacking predator, not just its presence, as seen in previous studies 

(Williams et al. 2003), captive-reared bobwhites typically flushed immediately.  Wild-trapped 

birds, on the other hand, exhibited more “holding” behavior with less movement, more ground 

presence, and delayed flushing.  When viewed with results from a previous publication that 

determined that captive-reared bobwhites flush at a slower speed, to a shorter distance, and in 
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a less coordinated group effort than wild bobwhites (Perez et al. 2002), our results allude to an 

explanation.  An immediate flush may result in success for captive-reared bobwhites by evading 

an immediate predator attack, however, the quick reaction carries costs of energy expenditure 

potentially making future evasions less successful.  Perhaps more importantly, the immediate 

flush exposes the bird’s presence and location to the predator, making them easier to locate 

and predate.  These results also suggest that holding behavior is absent in captive-reared 

bobwhites.  A wild bobwhite’s tendency to hold or freeze, as seen in this and previous studies 

(Errington 1930; Stoddard 1931), preserves energy for future evasion and allows the bird to 

conceal its position from predators (Gabrielsen et al. 1985).  The more appropriate response 

then, assumedly demonstrated by the wild-trapped bobwhites, is to hold and stay concealed 

until the predator threat is eminent, at which time the bird will alter its response from hide to 

flee. 

Finally, it was our intentions to evaluate attack avoidance behavior in several 

experimental regimes including groups consisting of individual captive-reared, individual wild, 3 

captive-reared, 3 wild, and a mixed group of 1 wild and 2 captive-reared bobwhites.  However, 

we were limited in our ability to trap enough wild bobwhites to adequately fill experimental 

groups.  Consequently, comparisons between captive-reared and wild groups were also limited 

by the low sample size in wild bobwhites. An analysis of how group size and rearing origin of its 

members determine attack avoidance behavior would be useful for future restoration efforts.   

This study indicates a definitive behavioral response discrepancy between captive-

reared and wild bobwhites to predator attacks, potentially illuminating why captive-reared 

releases have not previously been successful in establishing new populations for conservation 
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purposes.  Future research should seek to determine if this difference is due to inherent genetic 

factors or learned behavior.  Production practices for captive-reared northern bobwhites 

should be modified in ways to condition the birds in order to improve predator avoidance 

behavior and to increase survival rates in individuals released for conservation purposes.   

 

 

  

71 



CHAPTER 5 

SUMMARY DISCUSSION 

The northern bobwhite population decline is an ecological tragedy and a threat to the 

upland game bird hunting economies in many rural communities across their range (Burger et 

al. 1999; Johnson et al. 2012).  As a result of declining bobwhite populations and densities many 

landowners have invested less effort in producing quail and more effort into diversification of 

income produced by their land in order to avoid more potentially abusive methods like over 

grazing, and mining of water, oil, and gas resources (Barbieri et al. 2008; Brown et al. 2005; 

Brunson et al. 2008).  The decline in a valuable and once prevalent resource in the bobwhite 

causes concern for the future and reliability of natural resource avenues of income (Conner and 

Brennan 2007; Barbieri et al. 2008).  The cultural significance of upland game bird hunting also 

drives the importance of past and future research, conservation, and management of 

bobwhites.  While habitat conservation is critical to persistent populations, many of the 

remaining survivors exist within fragmented regions of the species range.  Land use practices 

that are not compatible to the northern bobwhite life-cycle and therefore produce non-usable 

space will continue to separate fragmented populations (Klimstra 1982; Farig 1985).  Habitat 

connectivity on a landscape level is the key to long term resiliency for bobwhite populations 

(Guthery, Peterson, and George 2000; Brennan 2007).  However, small fragments of managed 

optimal habitat exist that have been locally extirpated of bobwhites.  Directly manipulating 

population abundance may be the only way to restore birds in these areas (Klimstra 1982).  

Likewise, un-fragmented habitat with dwindling population abundance should be given the 

highest priority for conservation motivated artificial bolstering with additional birds.   
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Translocation of wild-trapped bobwhites continues to produce the longest survival time 

and high nest production.  Feasibility of this method is limited by the limited availability and 

distribution of populations with high enough densities to withstand the pressures of losing a 

significant number of breeding age adults.  Land owner permission for access and collection of 

wild-birds may also limit this method.  Captive-reared bobwhites are physically, genetically, and 

in some ways behaviorally equal to wild native bobwhites (Chapter 5; Perez et al. 2002, Evans 

et al. 2006; Faircloth et al. 2009).  Recent literature suggests that a non-distinguishable level of 

genetic disparity exists between the 2 groups.  What they do lack is an appropriate predator 

avoidance response (Chapter 4; Roseberry et al. 1987; Perez et al. 2002).  While other 

deficiencies may exist, direct mortality caused by predation is likely the preemptive limiting 

factor for restoration using captive-reared bobwhites (Chapters 2 & 3; Roseberry et al. 1987).  

Other described limitations in foraging ability, disease susceptibility, habitat awareness, greater 

dispersal distances, inability to mate and nest, and even predator detection were not observed 

to be factors of failure in this study (Chapters 2, 3, & 4.5).   

Nesting was largely prevented by high mortality in captive-reared individuals.  Females 

that persisted into the breeding season on the release site occupied with a wild population 

were observed attempting to nest, even producing large clutches, but a successful hatch was 

never observed in this study.  However, successful reproduction between captive-reared and 

wild bobwhites has been observed in other studies (Evans et al. 2006). 

 Fall and spring call indices across all observed sites indicate a depression of the 

bobwhite population in North Texas during 2013 and an increase in 2014.  This loss of 

production and subsequent depression of abundance in 2012 and 2013 may have been a result 
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of drought conditions that were designated as moderate, severe, and extreme by the Palmer 

Drought Severity Index in 2011 (NOAA 2014b).  Timely relief from the drought conditions during 

the reproductive seasons of 2013 and 2014 may have facilitated better production and 

resultant increases in call count indices.   

 The population of bobwhites at the Translocation donor site was monitored by 

executing spring and fall call counts prior to and through the duration of the translocation 

study.  Productive trapping sites occurred between DCAs 1, 2, and 3, with 14 of 17 bobwhites 

trapped during the 2013 and 2014 attempts coming from a single trap location.  During this 

time, spring call indices at trapped sites were stable at an average of 6 males calling in 2012 to 

6.72 in 2013 (one-tailed T =-0.652, P=0.28).  In 2014, the average decreased to 3.44 (one-tailed 

T =4.833, P=0.004).  Spring indices at non-trapped sites showed no changes from a mean of 5 

males calling in 2013 to 7.78 in 2013 (one-tailed T =0.095, P=0.464) and a non-significant 

decrease in 2014 to a mean of 3 (one-tailed T =0.900, P=0.209).  The fall counts had a similar 

trend with trapped sites showing a non-significant increase from 5.33 coveys/DCA in 2012 to 

9.33 coveys/DCA in 2013 (one-tailed T =-1.177, P=0.152) and then a non-significant decrease to 

4.83 in 2014 (one-tailed T =1.61, P=0.091).  Non-trapped sites remained more stable with 5.33 

coveys/DCA in 2013 and 5.167 in 2014 (one-tailed T =0.0717, P=0.474).   

Changes in call count indices in the Translocation trapping area may indicate a negative 

impact to local bobwhite breeding potential and a depressed positive reaction to good 

reproductive conditions experienced throughout the north Texas area, due to the removal of a 

portion of the population.  Unobserved stochastic events occurring on the donor site may have 

contributed to the differences in indices, however un-manipulated sampled sites throughout 
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north Texas exhibited similar trends to the non-trapped sites with non-significant decreases 

occurring in 2013 and a moderate to significant increase in 2014 indices.   

 Upcoming studies should monitor indices in these trapped and non-trapped sites to 

determine how population recovery takes place after an anthropogenic depression within 

contiguous habitat.  Short and long term impacts of the removal of adult bobwhites prior to 

peak reproduction should be studied further.  DNA samples from blood that was collected 

during this trapping process should compared to that obtained during future trappings to 

determine relatedness of previous residents to that of future residents.   

The strengths and liabilities exhibited by Translocation and Captive-reared bobwhite 

release methods are complimentary.  I believe the solution lies somewhere in between these 2 

methods.  While sources of wild birds are limited, captive-reared bobwhite distributors are 

abundant.  Appropriate predator evasion behavior limits survival of captive-reared birds, but 

wild-translocated birds were not restricted inordinately by predators.  Further research should 

attempt to combine these methods in a way that would utilize the strengths of each method.   

The ethics surrounding the creation of a Translocation permit for northern bobwhites in 

Texas should be evaluated prior to issuance of such a program.  The impacts to donor 

populations is not well understood.  Local population viability in gallinaceous birds is dependent 

upon density of breeding individuals (Shaffer 1981; Gilpin and Soule’ 1986; Guthery, Peterson, 

and George 2000), and removal of a critical number of these individuals, even from the regions 

highest density populations, could result in reproductive instability in the short or long term.  

Removal of individuals from one population should be considered a “taking” of the game 

animal as stated in Section 3(19) of the Endangered Species Act of 1973 and Section 1.101(5) of 
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the Texas Parks and Wildlife Code (ESA 1973, Texas Constitution and Statues 2013).  Under this 

same logic with the sustainability of regional populations in question, an evaluation of current 

hunting regulations for northern bobwhites should consider local minimum viable population 

densities when setting season length, season timing, and daily bag limits in order to conserve 

this important natural resource.   
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