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ABSTRACT 

 

Northern bobwhites (Colinus virginianus) are an incredibly important resource 

throughout the state of Texas, that provide recreational activities for sportsmen. 

Throughout the Rolling Plains of Texas many communities and landowners rely, in part, 

on the direct and indirect economic revenue that can be generated by quail hunting 

making bobwhites a valuable commodity. Being valuable and recreationally important, 

there is an increased concern when bobwhite populations decline throughout the region. 

These declines leave agencies and land managers searching for causes, and potential 

solutions to reverse these population trends. A 2-year translocation effort of moving 

Northern bobwhites and scaled quail was assessed for potential to supplement struggling 

resident populations just prior to breeding season (April) with source stock originating 

from a separate ecoregion. 

Both translocated and resident Northern bobwhite demographic parameters of 

survival, home range, nest success, and reproductive output were estimated for 

comparison as well as influences on these parameters. Cause specific mortality was also 

determined and reported. Translocated scaled quail were monitored to determine survival 

and cause specific mortality. Resident Northern bobwhites experienced greater survival 

than translocated individuals in both 2013 and 2014 (χ2 = 4.7, P=0.03; χ2 = 6.7, P=0.01, 

respectively). Home range estimates did not differ between translocated and resident 

bobwhites (20.59 ± 2.97 ha and 29.05 ± 4.58 ha, respectively). Nest success was 

relatively high for translocated bobwhites, however, few nests were attempted due to low 
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survival of individuals. Translocated scaled quail experienced extremely low survival in 

both 2013 and 2014 with no known individuals surviving the study period. The longest 

known survival for translocated scale quail in this study was 38 days post-release. 

Based on the results observed in our study, translocated bobwhites and scaled 

quail from South Texas did not survive at a rate where this method could be considered a 

viable technique to bolster recovering or absent populations. Attempts to translocate quail 

should focus on reducing the distance between source and release site, preferably within 

the same ecological region. To increase the potential of cross-ecoregion translocation 

focus should be on methods to increase survival 1-month post release. 

In conjunction with the translocation efforts, I also assessed the viability of 

localizing Northern bobwhite covey calls via bioacoustics localization methods. Current 

methods of fall covey counts involve significant observer bias, and automating detection 

methods could prove beneficial to reducing sampling efforts and bias. It was found that 

this method, while promising, involved large amounts of manually processing of data and 

further advancements need to be made for automation of covey call localization. 
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CHAPTER I 

SURVIVAL AND CAUSE SPECIFIC MORTALITY OF RESIDENT 

BOBWHITES AND BOBWHITES TRANSLOCATED FROM SOUTH 

TEXAS TO THE ROLLING PLAINS OF TEXAS 

 

INTRODUCTION: 

 

Northern bobwhites (Colinus virginianus) are an incredibly important resource 

throughout the state of Texas, that provide recreational activities for sportsmen. 

Throughout the Rolling Plains of Texas many communities and landowners rely, in part, 

on the direct and indirect economic revenue that can be generated by quail hunting, 

making bobwhites a valuable commodity (Burger et al. 1999, Johnson et al. 2012). There 

has been a long-term decline of Northern bobwhites, specifically from 2000-2010, where 

Northern bobwhites have declined at a rate of 3.5% per year (Sauer et al. 2011). These 

declines were also represented by roadside counts conducted in the Rolling Plains 

ecoregion by Texas Parks and Wildlife where an average of 21.05 individuals were 

counted in 2007 to 2.80 average individual bobwhites in 2013, which was a record low 

(Texas Parks and Wildlife Department 2018). Being valuable and recreationally 

important, there is an increased concern when bobwhite populations decline throughout 

the region, which force agencies and land managers to search for causes, and potential 

solutions to reverse these population trends. 
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These declines in Northern bobwhite populations likely cannot be linked to one 

factor. Rather, it is likely a multitude of interconnected factors and processes. Potential 

causes for population declines offered by Hernández et al. (2013) are habitat 

fragmentation, increases in predator densities, new disease processes, and land use 

changes. Another factor that can potentially influence quail populations throughout its 

range is fluctuations in precipitation such as drought. Drought effects on Northern 

bobwhites in Texas were documented as early as 1962, when boom or bust sequences of 

populations were described when favorable precipitation conditions followed periods of 

drought (Jackson 1962). In semi-arid areas, such as the Rolling Plains, drought conditions 

correlate strongly to Northern bobwhite abundance (Bridges et al. 2001). There is further 

intuitive evidence showing this connection as the Rolling Plains experienced severe 

drought conditions in 2011. Based on roadside counts conducted by Texas Parks and 

Wildlife, the effects on Northern bobwhite abundance were reflected by historic lows for 

bobwhites counted in 2012 and 2013, suggesting populations did not recover as 

precipitation levels returned close to the yearly average in 2012 and the Rolling Plains 

upgraded out of drought status according to the Modified Palmer Drought Severity Index 

(NOAA National Centers for Environmental Information 2018, Texas Parks and Wildlife 

Department 2018). The lack of positive response by Northern bobwhite populations 

throughout the region was concerning to landowners, managers, and sportsmen. Even 

though favorable conditions had returned, constraints on the low densities of Northern 

bobwhites throughout the region did not allow for propagation at a scale to increase 

abundance throughout the Rolling Plains. One possibility influencing this response may 
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be predation. While predators do not typically regulate prey population growth when prey 

densities are high, predators can be limiting when prey populations are at low abundance 

(Sinclair and Pech 1996). While it is typical for managers to let quail populations 

naturally repopulate following low population numbers, in the case of such extreme 

population reductions, this approach may not be successful on a temporal scale or even 

possible due to local extinctions of Northern bobwhites in certain isolated areas. Lack of 

population response to favorable conditions leads biologists to search for active 

approaches of supplementing populations of Northern bobwhites via translocation in the 

Rolling Plains. 

Active management techniques of supplementing existing resident populations of 

Northern bobwhites has occured for many decades (Buechner 1950). These early 

attempts relied on using pen-reared Northern bobwhites as the source for releases to 

repopulate areas, and while they provided short term opportunities for sportsmen, there 

were a myriad of issues resulting in states abandoning these programs (Buechner 1950, 

Kozicky 1993). The efficacy of repopulating Northern bobwhites with pen-reared 

individuals relied heavily on the ability of the pen reared birds to survive and reproduce 

at similar rates to that of wild resident individuals. Pen-reared bobwhites cannot survive 

or reproduce effectively, and this failure has been repeatedly demonstrated (Roseberry et 

al. 1987, DeVos Jr and Speake 1995, Oakley et al. 2002, Perez et al. 2002). Furthermore, 

as releasing pen-reared birds to repopulate Northern bobwhites became a common 

practice, there were concerns about effects on the wild stock present on these areas. 

Releasing pen-reared bobwhites can negatively affect the survival of resident wild 
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bobwhites in the same area, by possibly attracting and concentrating avian predators 

exposing wild individuals to a higher risk of predation (Sisson et al. 2000a). Large scale 

releases of pen-reared bobwhites also increases the opportunities for potential breeding 

interactions between pen-reared and wild individuals which could compromise the 

genetic integrity of local populations (Evans et al. 2009). The lack of effectiveness of 

releasing pen-reared birds to supplement populations of wild Northern bobwhites led 

researchers to focus on the efficacy of translocating wild caught Northern bobwhites. 

There have been several attempts at translocating Northern bobwhites with differing 

objectives and techniques, and with drastically different results (Liu et al. 2000, Parsons 

et al. 2000, Terhune et al. 2006a, Terhune et al. 2010, Sisson et al. 2012, Scott et al. 2013, 

Downey et al. 2017, Martin et al. 2017, Wiley and Stricker 2017). These studies range in 

focus from trying to restore populations to isolated and fragmented habitat where natural 

colonization of Northern bobwhites may have been unlikely, to translocating individuals 

to supplement struggling or recovering populations. In previous translocation efforts 

where translocated wild Northern bobwhites are released into areas containing resident 

wild populations, survival was comparable between translocated and resident individuals 

(Liu et al. 2000, Terhune et al. 2006a, Terhune et al. 2010). The method of releasing 

individuals into areas with resident individuals already present, could increase success 

due to assumption that habitat is suitable and with greater likelihood of conspecific 

attraction. 

The focus of my study is that when large scale negative disturbances at regional 

scales, such as severe prolonged drought, sustainable source populations for translocation 
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purposes within the region may be unavailable or contained on properties where 

individual Northern bobwhites are considered an invaluable commodity as populations 

recover and are not available for removal. The largest single problem with translocation 

of a declining species is finding a source population which can ethically serve as a donor 

population. Having viable and sufficient sources of wild birds as a donor population from 

the Rolling Plains can be unreliable, especially with the prediction of more frequent 

drought events in the future (Rind et al. 1990). One of the keys outlined for a successful 

translocation protocol is to minimize the latitude difference between source site and 

release site (Martin et al. 2017), however, conditions might render this unfeasible. 

Bobwhite populations in the South Texas Plains and Gulf Prairies and Marshes 

ecoregions have been more stable and have had greater abundance than that observed in 

the Rolling Plains prior to the implementation of this study (Texas Parks and Wildlife 

Department 2018). In 2011, average number of individuals on survey routes in those 

regions were approximately double of what was observed in the Rolling Plains. These 

population trends suggest in years of regionwide drought conditions in the Rolling Plains, 

Northern bobwhites from the South Texas Plains and Gulf Prairies and Marshes region 

might be a plausible translocation source. Cross ecoregion translocation of bobwhites in 

Texas has occurred before in managed lands in East Texas and comparisons of survival 

rates and movement showed survival being variable among years but, not between 

translocated and resident bobwhites (Liu et al. 2000, Liu et al. 2002).  

The process of capturing, handling, holding, and transporting wild avian species 

causes subclinical levels of capture myopathy and other stress that can ultimately effect 
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the health and ability of an individual to subsist in a wild setting (Windingstad et al. 

1983, Spraker et al. 1987, Dabbert and Powell 1993). Levels of myopathy damage can be 

indicated with serum concentrations of the enzyme creatine kinase (CK) in avian species 

(Dabbert and Powell 1993). The effects of myopathy on muscle tissue are not necessarily 

acute, and in translocation situations of avian species survival can significantly be 

influenced several days after release as indicated by elevated CK levels (Nicholson et al. 

2000). Developed treatments of capture myopathy have shown to lower the levels of 

myopathy indicators in other species (Businga et al. 2007). For bobwhites in particular, 

treatment of possible myopathy with Vitamin E and Selenium injections can successfully 

increase survival in a translocation situation (Abbott et al. 2005). The successful response 

to treatment of myopathy experienced by Abbott et al. (2005) in the translocation of 

bobwhites, albeit a shorter distance between sites and shorter time frame, led us to 

investigate the influence of myopathy treatment in our translocation project.   

A successful translocation protocol in our scenario, could potentially allow 

managers another alternative to supplement populations via translocation when regional 

source populations are not available. For success, translocated individuals would have to 

exhibit demographically similar parameters to that of resident wild Northern bobwhites. 

My objective was to compare survival and cause specific mortality between Northern 

bobwhites translocated from South Texas to the Rolling Plains with resident wild birds 

already present at the release areas. Survival rate is probably the most important 

determinant of success in translocations, therefore, I investigated influences on survival 

rate. These parameters included age, sex, mass, release site, and days in holding. Bird 
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capture can result in muscle damage and weakness (Dabbert and Powell 1993), so 

influence on survival of individuals injected with antioxidants Vitamin E and Selenium 

and those with a control solution of saline was examined.  

STUDY AREA: 

SOURCE SITE:  

 

The Jacalon Ranch is privately owned 1,888 ha South Texas ranch in Webb and 

Zapata counties about 16.09 km south of Mirando City, Texas (Figure 1.1). The Bordas 

Escarpment runs through the upper part of the ranch, bringing together the red sandy 

savanna grasslands of the coastal plains with the flat to rolling hills of the lower brush 

country. This property is primarily used as a recreational property for hunting whitetailed 

deer (Odocoileus virginianus), collared peccary (Tayassu tajacu), dove (Zenaida and 

Streptopelia spp.), and waterfowl. This property straddles two major land use resource 

areas (83B and 83C), as defined by the Natural Resources Conservation Service, resulting 

in distinct ecological variability between areas of the property. 

Dominant soil types include Brundage Fine Sandy Loam, Copita Fine Sandy 

Loam, Hebbronville Loamy Fine Sand, Maverick Soils, Maverick-Catarina Complex, 

Zapata-Rock Outcrop Complex, Gently Undulating (Natural Resources Conservation 

Service (NRCS) 2018b). 

Dominant grass species occurring on the Jacalon Ranch are cane bluestem 

(Bothriochloa barbinodis), multiple grama species (Bouteloua spp.), Arizona cottontop 

(Digitaria californica), tanglehead (Heteropogon contortus), hooded windmillgrass 
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(Chloris cucullate), curlymesquite (Hilaria belangeri), and plains bristlegrass (Setaria 

macrostachya) (Natural Resources Conservation Service (NRCS) 2018a). Woody species 

occurring on the Jacalon Ranch are honey mesquite (Prosopis glandulosa), blackbrush 

acacia (Acacia rigidula), whitebrush (Aloysia schaffneri), spiny hackberry (Celtis 

ehrenbergiana), lotebush (Ziziphus obtusifolia), and pricklypear (Opuntia spp.) (Natural 

Resources Conservation Service-(NRCS) 2018a). 

Common forb species found on the area include cuman ragweed (Ambrosia 

psilostachya), bundleflower (Desmanthus spp.), croton (Croton spp.), common 

broomweed (Amphiachyris dracunculoides), pepperweed (Lepidium spp.), wild petunia 

(Ruellia spp.), awnless bushsunflower (Simsia calva), globemallow (Sphaeralcea spp.), 

and verbena (Verbena spp.) (Natural Resources Conservation Service (NRCS) 2018a). 

RELEASE SITE:  

 

The Mill Iron Ranch is a privately owned 12,141 ha ranch located in 

Collingsworth, County Texas (Figure 1.1). The property is bisected by the Salt Fork of 

the Red River with topography ranging from rolling hills to steep canyons. This property 

is operated as a commercial cow-calf operation. Commercial hunting opportunities are 

made available on the property on a restricted basis. Northern bobwhite hunting was 

common prior to 2011, however, after severe drought and population declines, hunting 

Northern bobwhites on the property was halted after the 2010 hunting season and through 

the duration of this translocation study (August 2014). The Mill Iron Ranch falls within 
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major land use resource area 78B as defined by the Natural Resources Conservation 

Service. This is defined as predominantly a tallgrass-midgrass community. 

Dominant soil types located throughout the property consist of Lueders-Sagerton 

complex, Lutie-Quinlan-Cottonwood complex, Miles fine sandy loam, Quinlan-

Woodward loams, and Springer loamy fine sand (Natural Resources Conservation 

Service-(NRCS) 2018b). 

Dominant grass species found on the ranch include little bluestem (Schizachyrium 

scoparium), sand bluestem (Andropogon hallii), indiangrass (Sorghastrum nutans), sand 

dropseed (Sporobolus cryptandrus), multiple grama species (Bouteloua spp.), and Texas 

bluegrass (Poa arachnifera) (Natural Resources Conservation Service-(NRCS) 2018a). 

Dominant forb species on the area included western ragweed (Ambrosia psilostachya), 

purple prairieclover (Dalea purpurea), Engelmann’s daisy (Engelmannia peristenia), and 

annual wildbuckwheat (Eriogonum annuum), and Mexican sagewort (Artemisia 

ludoviciana subsp. mexicana) (Natural Resources Conservation Service-(NRCS) 2018a). 

Woody vegetation occurring within the Mill Iron Ranch include honey mesquite 

(Prosopis glandulosa), redberry juniper (Juniperus pinchotii), sand shinnery oak 

(Quercus havardii), hackberry (Celtis spp.), plains cottonwood (Populus deltoides subsp. 

monilifera), salt cedar (Tamarix gallica), Chickasaw plum (Prunus angustifolia), and 

sand sagebrush (Artemisia filifolia) (Natural Resources Conservation Service-(NRCS) 

2018a).   

 



                                                                 Texas Tech University, Sean R. Yancey, August 2019  

10 
 

METHODS: 

 

TRAPPING AND TRANSLOCATION: 

 

Quail were captured using walk-in funnel traps (Stoddard 1931) that were baited 

with milo (Sorghum bicolor) during March and April, 2013 and 2014 on both the source 

(Jacalon) ranch and the release (Mill Iron) ranch. Traps were covered with natural 

vegetation to be inconspicuous to predators, especially avian predators, in the event 

individuals were captured. Traps were checked twice daily, approximately 3 hours after 

sunrise and at sunset. If birds were found in a trap, individuals were placed in a ventilated 

cotton bag for later processing. Individuals caught on the release ranch were considered 

resident birds to be used for comparison to translocated individuals. Resident individuals 

were processed at the capture (trap) location and released immediately after processing. 

Individuals caught on the source ranch for translocation were processed in the same 

manner, however, they were held for translocation. Individuals trapped within the same 

trap were assumed to be of the same covey. All individuals from one trapping event at 

one location were put into separate cotton bags to maintain covey affiliation. All 

individuals were then transported and processed at the holding facility location. 

Processing of each individual entailed recording age, sex, and mass to the nearest 

0.1 gram. All individuals received a leg band containing a unique identification number 

and a blood sample was obtained through the brachial vein from all individuals for other 

ongoing research. Stress and muscular myopathy effects from capture and translocation 

and their effects on survival were of interest. Every captured resident and translocated 
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individual of both sexes were randomly assigned a saline injection or Vitamin E and 

Selenium injection from the protocol outlined by Abbott et al. (2005). Individuals 

received the assigned solution intramuscularly in the left Pectoralis major. Individuals 

assigned the Vitamin E and Selenium injection received a 0.1 ml injection of Vitamin E 

(0.45 mg/Kg as d-alpha tocopherol acetate) and Selenium (0.06 mg/Kg as sodium 

selenite, BO-SE ® Selenium, manufactured by Schering-Plough Animal Health 

Corporation, Union, New Jersey, USA) dissolved in sterile saline. Birds assigned the 

saline injection received 0.1 ml of sterile saline. The primary focus in determining 

success of this translocation protocol was the reproductive unit’s survival and 

reproductive output, hence, females weighing 150g or more were outfitted with a 6g 

necklace-style radio transmitter (American Wildlife Enterprises, Monticello, Florida).  

Due to the large distance between source site and release site (approximately 850 

km straight line distance at a direction of 353°), it was not feasible logistically to 

transport individuals immediately after capture. A holding facility was constructed at the 

source site to contain individuals until trapping was terminated and individuals could be 

translocated. A chain link fence enclosure (1.83 m x 3.05 m x 1.83 m), as well as chain 

link top, was constructed away from housing, roads, or general unnatural disturbances to 

reduce exposure to possible stressors. A top was placed on the enclosure to keep potential 

predators from entering the enclosure. Privacy netting was also placed around the 

enclosure to obstruct visual stressors as well as provide thermoregulation relief. Within 

the enclosure, modified recall pens (60.96 cm x 45.72cm x 25.4 cm) were placed to house 

coveys until time for translocation. Care was taken to keep individuals caught together in 
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the same holding pen for subsequent translocation and release. Individuals caught from 

multiple trapping occasions were placed in holding pens together to form artificial 

“coveys” in hopes of amalgamation upon translocation and release. Coveys were kept as 

close as possible to “optimal” covey size as described by Williams et al. (2003) and 

individuals in each holding pen where kept together through translocation and release. 

Coveys in holding pens were provided free constant access to a mix of milled protein 

feed (Purina® Game Bird Chow®) and milo, as well as constant access to free standing 

water. Our goal was to have no individual be held longer than 14 days from time of 

capture to release as constant trapping of individuals was conducted for translocation. 

This guideline was achieved in all cases except for 7 individuals that circumstances 

dictated being held slightly longer between 14 and 21 days. 

At time of transportation for release if there were additional VHF transmitters that 

were not placed on females, the extra transmitters were randomly placed on males > 150g 

to increase sample size for survival analysis of translocated individuals. In all cases 

where males were measured just prior to transport, mass had increased from initial 

trapping processing. Coveys were transferred to transport containers (68.58 cm x 45.72 

cm x 16.51 cm; GQF Manufacturing Company Inc., Savannah, Georgia) and placed 

inside a vehicle and covered with a cotton sheet for transport. Each transport container 

received lengthwise quarterly cut cucumbers for consumption during travel to aid in 

hydration. Travel time was approximately 11 hours and transport was initiated at 

approximately 21:00 central standard time. This allowed for arrival at release site early 

morning for release. Early morning releases were emphasized to allow for maximum 
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daylight for acclimation. Translocated coveys were randomly assigned release sites at 

locations of known resident coveys. Once a translocated covey was assigned a release 

area paired with a resident covey, the resident covey was located using a homing 

technique (White and Garrott 2012), from individuals already outfitted with a VHF 

transmitter. Once close proximity (approximately 30 m) was attained without disturbing 

the resident covey, the translocated covey was hard released. A hard release in this study 

was to open transportation crate and let individuals freely disperse. There was no 

supplementation of resources provided, such as feed. Released bobwhites where checked 

the same evening and in most situations the translocated individuals regrouped, but there 

was no observation of amalgamation with marked resident bobwhites that was noticed the 

day of release.   

RADIO TELEMETRY: 

 

Radio-marked individuals were located approximately 1 time weekly initially 

after release using a homing technique (White and Garrott 2012), and as individuals were 

censored (dead or loss of signal) from the study monitoring occasions increased in 

occasions per week. Monitoring took place from April through August both years. Radio 

transmitters contained a mortality switch that changed from emitting a 2 second signal to 

a 1 second signal if the radio transmitter had not moved for 12 hours.  Data recorded at 

time of homing was location, survival (live or dead) and nesting status for hens. If 

mortality signal was being emitted the radio collar was located and cause of mortality 

was determined following Dumke and Pils (1973) and Curtis et al. (1988). Due to rapid 
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long-distance movements, terrain topography, and radio transmitter signal capabilities, 

there were many instances of lack of signal acquisition for individuals. In the case of lost 

signals, an omnidirectional antenna was attached to a vehicle and ranch roads and ranch 

perimeter roads were driven in attempt to relocate individuals and gain signal acquisition. 

This resulted in “ragged” or uneven monitoring occasions. If radio marked hens were 

presumed to be nesting (same location in subsequent checks) monitoring increased to at 

least every other day to determine nest fate (success or failure). If the females were 

present on the nest it was assumed to still be active and left undisturbed. Once a female 

was not present upon a nest check visit the nest was inspected to determine if the nest 

was still active, successful, or had been predated. In all case the clutch size was 

determined by counting eggs present. 

STATISTICAL ANALYSIS: 

 

We estimated survival for the breeding season for both translocated and resident 

individuals. The breeding season in this study was defined as April through August for 

both years. Breeding season survival was estimated using staggered entry Kaplan-Meier 

estimator (Pollock et al. 1989) in the survival package in Program R. Kaplan-Meier 

estimator was chosen due to individuals being censored of unknown causes such as large 

dispersal distance or radio failure, as well as confirmed fatalities. Individuals censored for 

unknown causes attributed to survival estimates until date of lost signal. Comparison of 

survival estimates between translocated individuals and resident individuals as well as 

year differences was done using a log-rank chi-square test (Pollock et al. 1989). 
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The nest survival model using the logitlink function (Dinsmore et al. 2002) in 

Program MARK (White and Burnham 1999) was used to assess possible influences of 

parameters during the breeding season for translocated and resident bobwhites where fate 

was known. Nest survival (Dinsmore et al. 2002) was chosen to best fit the data due to 

the “ragged” or uneven nature of monitoring events related to trapping and monitoring on 

properties a great distance apart as well as initial monitoring upon release included a 

large number of individuals that had long rapid movements. Using nest survival model 

was found appropriate adult survival when monitoring intervals are irregular (Hartke et 

al. 2006). Survival of translocated and resident individuals was modeled separately. The 

data meets the assumptions outlined by the nest survival model due to intensive 

monitoring via radio-telemetry to accurately and correctly age individuals in the 

monitoring season and determine bobwhite fates. Our telemetry checks did not influence 

individual bobwhite survival and it is assumed bobwhite fates were independent. The 

release date for translocated individuals was used as the first day for both resident and 

translocated bobwhites (i); the day before the marked individual successfully survived the 

monitoring period or was censored to mortality was the last day the individual was 

checked alive (j); the date of bobwhite fate determination was the last day the individual 

was checked (k); (Dinsmore et al. 2002). The first translocated release was implemented 

on March 29th and the last active day of monitoring for the breeding season was July 31st, 

resulting in 125 daily estimates of survival for translocated and resident bobwhites. 

Survival models were developed a priori and resulted in 10 and 15 models for resident 
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and translocated bobwhites respectively. Several covariates measured and used for 

predictors of variation in survival were used (Table 1.1). 

RESULTS: 

 

TRAPPING: 

 

We trapped a total of 63 bobwhites and translocated a total of 61 bobwhites from 

the source location (Jacalon Ranch) just prior to the breeding season (n = 32 and 29 for 

2013 and 2014, respectively), where 2 individuals died or escaped during holding in 

2013. In 2013 a total of 14 individual bobwhites were radiomarked, while in 2014 all 29 

individuals were radiomarked. 

We trapped a total of 76 bobwhites from the release site (Mill Iron Ranch) just 

prior to the breeding season (n = 18 and 58 for 2013 and 2014, respectively). These 

resident individuals were used for comparison to translocated bobwhites. In 2013 a total 

of 13 individual bobwhites were radiomarked, while in 2014 34 individuals were 

radiomarked. 

KAPLAN-MEIER SURVIVAL: 

 

Kaplan-Meier estimate for breeding season survival of resident Northern 

bobwhites in 2013 was (Ŝ = 0.449 ± 0.1414; Figure 1.2), while breeding season survival 

estimate for translocated Northern bobwhites in 2013 was (Ŝ = 0.143 ± 0.0935; Figure 

1.3). The breeding season survival estimate for resident Northern bobwhites in 2014 was 
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(Ŝ = 0.573 ± 0.1101; Figure 1.4), while breeding season survival of translocated Northern 

bobwhites in 2014 was (Ŝ = 0.271 ± 0.0939; Figure 1.5).  

When compared using an asymptotic log-rank test there was a significant 

difference in breeding season survival between translocated and resident Northern 

bobwhites in 2013 (χ2 = 4.7, P=0.03; Figure 1.6) and 2014 (χ2 = 6.7, P=0.01; Figure 1.7) 

where breeding season survival was greater in resident bobwhites than translocated. 

MODEL BASED INFERENCE: 

 

Translocated Northern Bobwhites: There were 4 competing models (ΔAICc ≤ 2) 

that described the survival of translocated Northern bobwhites throughout the breeding 

season (Table 1.2). The most parsimonious model was the intercept + quadratic time 

trend (TT), in which breeding season survival variation was most explained by a 

quadratic time trend. The beta estimate for the quadratic time trend parameter was 

0.00056297 (SE = 0.00022133), and the 95% confidence intervals did not overlap zero. 

The following competing models incorporated a quadratic time trend parameter across 

years, a model with a quadratic time trend with injection type, and quadratic time trend in 

conjunction with age of individual at time of capture. Beta estimates for the parameters of 

injection type and age both had 95% confidence intervals that overlapped zero suggesting 

little to no effect on breeding season survival of translocated Northern bobwhites. The 

estimate for probability of survival through the duration of the breeding season for 

translocated Northern bobwhites based off the most parsimonious model was 0.2555055 

(SE = 0.0732935). The daily survival estimate for the constant survival model was 
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0.9809407 (SE = 0.0035160). The estimate for survival through the duration of the 

breeding season for translocated Northern bobwhites based off the constant survival 

model was 0.0919822 (SE = 0.0408815). 

Resident Northern Bobwhites: There were 5 competing models (ΔAICc ≤ 2) that 

described Northern bobwhite survival throughout the breeding season (Table 1.3). The 

most parsimonious model was the intercept only model, or constant survival model, in 

which no covariate was implemented in the model for measured effects. Following 

models were the model assessing injection type across years, a model incorporating 

variance between years of release, a model with an across year linear trend, and a model 

with an across-year linear trend. In all competing models containing a covariate effect, 

every beta parameter estimate had 95% confidence intervals that overlapped zero 

suggesting little to no effect on breeding season survival for resident Northern bobwhites. 

The daily survival rate for the constant survival model was 0.9955531 (SE = 0.0011903), 

while the estimate for survival through the duration of the breeding season, according to 

the constant model, for resident Northern bobwhites was 0.5124640 (SE = 0.0856487).  

CAUSE-SPECIFIC MORTALITY: 

 

In 2013 translocated Northern bobwhites experienced 12 confirmed mortalities 

during the breeding season. Avian predation accounted for 8 of the 12 mortalities 

(66.67%), through evidence determined through the mortality site and radio collar 

damage. There was one instance of mammal predation recorded (8.33%). There were no 

accounts of snake predation. There were 4 unknown causes of mortality (33.33%). 
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In 2014 there were 17 known mortalities of translocated Northern bobwhites 

during the breeding season. Avian predation accounted for 11 of 17 known mortalities 

(64.71%), resulting in a similar proportion as 2013. Mammal predation accounted for 3 of 

17 known mortalities (17.65%), snake predation was not seen, and unknown mortalities 

accounted for 3 of 17 known mortalities (17.65%). Pooled cause specific mortalities for 

translocated Northern bobwhites in 2013 and 2014 breeding season were avian (66.67%), 

mammal (13.79%), snake (0%), and unknown mortality (24.14%).  

In 2013 resident Northern bobwhites experienced 6 confirmed mortalities during 

the breeding season. Avian predation accounted for 3 of the 6 mortalities (50.00%). There 

was one instance of mammal predation recorded (16.67%). There was one account of 

mortality caused by snake predation (16.67%). There was 1 unknown cause of mortality 

(16.67%). In 2014 there were 17 known mortalities of resident Northern bobwhites 

during the breeding season. Avian predation accounted for 5 of 10 known mortalities 

(50.00%), resulting in a similar proportion as 2013. Mammal predation accounted for 3 of 

10 known mortalities (30.00%), snake predation was not observed, and unknown 

mortalities accounted for 2 of 10 known mortalities (20.00%). Pooled cause specific 

mortalities for resident Northern bobwhites in 2013 and 2014 breeding season were avian 

(50.00%), mammal (25.00%), snake (6.25%), and unknown mortality (18.75%).  

DISCUSSION:  

 

The aim of this study was to estimate breeding season survival, factors 

influencing survival, and cause-specific mortality for Northern bobwhites translocated 
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from South Texas to the Rolling Plains of Texas and compare these metrics to that of a 

radiomarked sample of resident individuals that would be assumed as representative of 

the population at the release area as well as previous translocation efforts of Northern 

bobwhites. The issue of habitat suitability was assumed to be controlled for by releasing 

bobwhites into habitat already occupied by resident bobwhites. Release of translocated 

Northern bobwhite just prior to breeding season was emphasized to reduce the chance of 

predation by limiting time spent at risk while allowing individuals to contribute in 

reproductive efforts of a recovering population (Terhune et al. 2006a, Martin et al. 2017). 

Comparisons to other breeding season survival estimates is subjective due to regional 

differences and varying lengths in the defined breeding season length of previous 

investigations (Liu et al. 2000, Terhune et al. 2006a), however, provide a basis from to 

draw conclusions about the efficacy of this translocation project. 

It was expected that breeding season survival estimates would be lower for 

translocated Northern bobwhites individuals, and our results support that. Our survival 

estimates for translocated individuals during the breeding season compared to resident 

individuals were significantly lower which contrasts what was reported by Terhune et al. 

(2006a) and Jones (1999). As expected, our survival estimates in general were much 

lower for translocated individuals than what has been reported. Jones (1999) reported 

spring and summer survival estimates of 57 % and 64% for resident and translocated 

Northern bobwhites, respectively. Also, Devos and Mueller (1989), reported breeding 

season survival estimates of 43% and 54% for translocated and resident bobwhites, 

respectively. Our estimates of resident bobwhite survival, 44.9% and 57.3%, in 2013 and 
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2014 respectively, are similar to these previous studies, but translocated bobwhite 

survival was much lower. We found survival estimates for translocated bobwhites during 

the breeding season to be, 14.3% and 27.1%, in 2013 and 2014 respectively. Most 

bobwhite translocation studies that are considered successful involve the source site of 

bobwhite collection in close geographical proximity to the release site, contained within 

the same ecoregion, as well as not holding individuals longer than over night. Our 

investigation was to evaluate the efficacy of translocation from a source population 

outside the ecoregion due to extremely low abundance making source populations 

regionally unavailable.   

Our results reflect closer to what was experienced by Liu et al. (2000) and Scott et 

al. (2013), where bobwhites where translocated from ecologically dissimilar areas. Liu et 

al. (2000) translocated bobwhites from a nearby property in East Texas as well as 

bobwhites from South Texas to East Texas. They found breeding season survival to be 

much lower for South Texas bobwhites where 68.4% of known fate individuals that were 

alive on May 1 had died by the middle of July, which was markedly greater mortality 

than both resident (39.7%) and bobwhites moved from a nearby property (37.7%). Scott 

et al. (2013) also experienced low breeding season survival of translocated Northern 

bobwhites when moving individuals from the Gulf Prairies and Marshes and Rio Grande 

Plains region to release sites in the Post Oak Savannah region, even though source sites 

were <221 km from release sites. While resident breeding season survival was similar 

with what was observed by Scott et al. (2013), our translocated bobwhites exhibited 

lower survival than the 35% they reported. The discrepancy in survival between South 
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Texas bobwhites and resident bobwhites experienced in both Liu et al. (2000) and this 

study, as well as Scott et al. (2013), shows there are obvious issues with the ability of 

bobwhites to survive when moved to a different ecological region. Intuitively, it would 

seem that there would be discrepancies in habitat use that lead relocated individuals to be 

more susceptible to risks such as predation. On a macro habitat scale in East Texas, 

habitat selection was similar between resident and translocated individuals, suggesting 

differences in micro habitat selection and behavior might explain the differing survival 

rates (Liu et al. 1996).  

It is important to note that most mortalities for translocated individuals were 

experienced approximately in the first 30 days post release. This phenomenon was also 

reported by Downey et al. (2017), for translocated bobwhites. This time period should be 

identified as critical for behavioral adaptation and measures should be taken to assist the 

initial transition. Potential added components of a translocation protocol to increase 

success in our scenario, such as supplemental feeding and forms of soft release should be 

further investigated. Supplemental feeding has been shown to positively influence 

survival for resident populations when it is broadcasted into vegetation as well as 

decrease home range size reducing predation risk (Sisson et al. 2000b, Buckley et al. 

2015, Mclaughlin et al. 2018). The soft release technique of using a Surrogator® 

(Wildlife Management Technologies, Wichita, KS) was shown to positively influence 

survival for scaled quail translocated in Texas (Ruzicka et al. 2017). 

Much of the success of a translocation protocol is predicated on survival, and in 

our case through the breeding season. Therefore, we evaluated different parameters and 
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their influences on the survival of both resident and translocated bobwhites. Most 

translocation protocols aim to minimize the amount of time captured individuals are held 

before translocation to reduce stress to the animals. In the case of Northern bobwhites, 

most studies release same day or held overnight (Terhune et al. 2006a, Terhune et al. 

2006b, Terhune et al. 2010, Sisson et al. 2012, Downey et al. 2017) as it is defined as a 

critical step to minimize handling stress and increase chances of a successful 

translocation effort (Martin et al. 2017). This approach has been identified as critical for 

translocation of other upland species as well (Reese and Connelly 1997). Logistically, 

due to the extreme distance between sites, individuals were held in containment prior to 

release similar to the first year of a translocation effort done by Scott et al. (2013). We 

were concerned about possible effects of prolonged containment on survival, therefore, 

days in holding (DIH) were monitored for each marked individual and used as a 

parameter to explain variability in survival of translocated individuals. The parameter of 

days in holding did not show any explanatory power in the models created in all cases 

due to the confidence interval of the parameter overlapped 0. We expected this parameter 

to have a negative beta coefficient within models, in that increased days in holding would 

result in a larger negative effect in survival. Although this parameter did not explain 

much variance in the model, very low survival through the breeding season due to other 

factors possibly overwhelmed any effect containment duration could have had on 

survival.  

Capture and handling has shown to physiologically cause acute degeneration of 

muscles of avian species, and while death can be acute, myopathy effects can contribute 
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to death weeks after capture (Hulland 1993). Differential capture and handling methods 

has also shown to cause varying degrees of myopathy, measured by variability of release 

concentrations of the enzymes creatine kinase and aspartate aminotransferase (Dabbert 

and Powell 1993). Due to the nature of the capture and transportation entailed in a 

translocation protocol, treatment of capture myopathy was addressed for both 

translocated and resident Northern bobwhites in our study. Treatment of capture 

myopathy in avian species with Vitamin E and Selenium has shown to be effective 

(Abbott et al. 2005, Businga et al. 2007). The increased survival shown by Abbott et al. 

(2005), for translocated Northern bobwhites treated with Vitamin E and Selenium led us 

to expect that injection type would be an influential parameter in our modeling process. 

We did not find this to be the case. While injection type (saline or BOSE), did occur in a 

competing model for translocated bobwhites, the beta coefficients 95% C.I. overlapped 0. 

The injection type parameter was not in a competing model for resident bobwhites, and 

when modeled alone the parameter was not informative. While it would be expected for 

Vitamin E and Selenium injections to positively influence survival, it is plausible that 

resident individuals did not experience the effects of capture myopathy due to rapid 

processing at the trap location with an immediate release, but this would not be expected 

for individuals held in holding a holding facility and translocated. Holding Northern 

bobwhites has shown to increase creatine kinase which is a clinical sign of myopathy 

(Mueller 1999). The translocation procedures for moving Northern bobwhites from South 

Texas to the Rolling Plains entailed capture and containment which would be expected to 

cause myopathy of the muscles which could influence survival after release. The 
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intramuscular injection of Vitamin E and Selenium would be expected to reduce 

myopathy effects from the translocation procedure and potentially influence survival in a 

positive manner. Our model set did not indicate injection of Vitamin E and Selenium had 

this effect, indicating this application was ineffective for the stress placed on translocated 

individuals in our study or behavior could not acclimate to habitat differences or a 

combination thereof. This differs from Abbott et al. (2005) where treated individuals had 

higher rates of survival during translocation, however, holding times were shorter and 

translocation distance was much shorter (approximately 52 km).  

Physiological parameters age and gender did not factor in significantly to explain 

variability in survival according to our model set, which is contrary to other studies 

(Roseberry and Klimstra 1984, Pollock et al. 1989, Terhune et al. 2007, Downey et al. 

2017). The quadratic time trend parameter best accounted for variability in survival for 

translocated individuals in our modeling procedure with significance. This was expected 

to be observed for when releasing individuals unfamiliar with the habitat of a different 

ecoregion there should be a period of acclimation where estimated daily survival rates are 

initially low but begin to increase for individuals that have prolonged survival, exhibiting 

a non-linear survival trend. This suggests that after initial rates of high mortality 

individuals that do survive can adapt behaviorally and assimilate into the general 

population during the breeding season. 

Not uncommon from other studies involving translocation, we documented in our 

study that avian and mammal predation accounted for most mortality events. We 

documented raptor and mammal predation of translocated individuals at 65.5% and 
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13.8%, respectively. Avian predation during the breeding season in our study was 

comparable to what was seen by Liu et al. (2000) and Terhune et al. (2006a), 57.6% and 

53% respectively. Their monitoring periods however, started approximately 2 months 

prior to ours which overlapped with a longer portion of the time frame in which raptor 

species are migrating increasing the chance of raptor mortality occurrences, possibly 

explaining why avian predation was high in those cases (Goodrich and Smith 2008). This 

was not the case in our study where monitoring began around April when the spring 

raptor migration would be beginning to conclude, not explaining high raptor predation in 

our case. Burger et al. (1995) examined a comparable time frame as ours and experienced 

much lower avian predation (20%).  Habitat differences between source site and release 

site likely could have played a role, as the source site has more overhead cover compared 

to the release site, and translocated individuals could not behaviorally adjust to lack of 

overhead cover. Mammalian predation of translocated bobwhites in our study (13.8%) 

was similar to Liu et al. (2000) that reported mammalian predation rates of 9.1%. These 

are much lower than other reports of mammalian predation during the breeding season 

(Burger et al. 1995, Terhune et al. 2006a). In our study, lower mammalian predation 

potentially could be explained by lower predator densities. Periodic predator removal 

took place on our study site, (≤ 2 annually), by targeted aerial removal of the 

predominant mammalian predator species in the Rolling Plains, coyotes (Canis latrans) 

and bobcats (Lynx rufus). Resident individuals in our study experienced less avian 

predation than did the translocated individuals, but mammalian predation was similar. 

This difference in avian predation rates between resident and translocated individuals 
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again suggests behavioral differences between the two groups. There are large differences 

in habitat between source and release site, particularly with abundance of woody cover 

being greater at the source location, which possibly played a role in translocated 

individuals struggling to adapt to more sparse vertical visual obstruction in relation to 

aerial predators. 

MANAGEMENT IMPLICATIONS: 

 

Based on the results observed in our study, wild Northern bobwhites translocated 

from South Texas to the Rolling Plains of Texas did not survive at a rate comparable to 

resident individuals where this method could be considered a viable technique to bolster 

recovering Northern bobwhite populations. Attempts to translocate wild bobwhites 

should focus on reducing the distance between source and release site, preferably within 

the same ecological region. This would potentially reduce the need for behavioral 

adaptation to unfamiliar habitat, as well as reduce the need to hold bobwhites allowing 

for immediate translocation upon capture reducing the potential for myopathy to 

influence survival. If regional populations are unavailable for translocation, future 

translocation efforts involving moving bobwhites between ecoregions should focus to 

increase survival 1-month post-release. Future translocations of bobwhites across 

ecological regions may possibly benefit from various soft release techniques and 

application of supplemental feed to release sites. These applications and their influence 

on survival of translocated bobwhites in the Rolling Plains warrant further investigation. 
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Figure 1.1. Study area graphic depicting source site and release site counties and 

associated ecological regions within Texas, USA. 
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Table 1.1. Description and notation of 7 derived parameters and the mechanism of their 

potential influence on the survival of resident and translocated Northern bobwhites in 

Collingsworth County, Texas, USA in 2013 and 2014. 

Parameter Description Notation Mechanism 

Age Adult or subadult 

grouping 

age Age can account for 

variation in survival 

based on the ideal that 

adults have more 

experience (Roseberry 

and Klimstra 1984). 

 

Sex Male or female grouping sex Variation in survival of 

bobwhites is often 

shown by sex 

groupings (Roseberry 

and Klimstra 1984). 

 

Days in Holding Number of days 

individuals were held 

from time of capture to 

release. 

dih It is assumed that increased 

days in holding would 

increase stress to 

individuals and 

influence survival. 

 

Release Site Release site for marked 

individuals 

site It is assumed that habitat 

characteristics are not 

identical at individual 

release sites and could 

influence survival. 

 

Injection Injection of saline 

(control) or BOSE-

Vitamin E and Selenium 

(treatment) 

inj Treatment of myopathy 

effects from capture 

and handling with 

BOSE injections have 

shown to increase 

survival after 

translocation of 

bobwhites (Abbott et 

al. 2005). 

 

Linear Time Trend Linear Time Trend T Parameter used to assess if 

variation in bobwhite 

survival exhibits a 

linear trend through 

time. 

 

Quadratic Time Trend Quadratic Time Trend TT Parameter used to assess if 

variation in bobwhite 

survival exhibits a 

quadratic trend 

through time. 
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Figure 1.2. Kaplan-Meier derived survival curve for resident Northern bobwhites in 

Collingsworth county, Texas USA in 2013. 
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Figure 1.3. Kaplan-Meier derived survival curve for translocated Northern bobwhites 

from Webb and Zapata counties to Collingsworth county, Texas USA in 2013. 
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Figure 1.4. Kaplan-Meier derived survival curve for resident Northern bobwhites in 

Collingsworth county, Texas USA in 2014. 
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Figure 1.5. Kaplan-Meier derived survival curve for translocated Northern bobwhites 

from Webb and Zapata counties to Collingsworth county, Texas USA in 2014. 
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Figure 1.6. Comparison of Kaplan-Meier derived survival curves for translocated 

Northern bobwhites from Webb and Zapata counties to Collingsworth county and 

resident Northern bobwhites of Collingsworth county, Texas USA in 2013. 

 

 

 

 

 

 

 

 

 

 



                                                                 Texas Tech University, Sean R. Yancey, August 2019  

41 
 

 

Figure 1.7. Comparison of Kaplan-Meier derived survival curves for translocated 

Northern bobwhites from Webb and Zapata counties to Collingsworth county and 

resident Northern bobwhites of Collingsworth county, Texas USA in 2014. 
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Table 1.2. Survival model results for radio-marked translocated bobwhites during the 

breeding season in Collingsworth county, Texas USA during the breeding season (April-

August) 2013-2014. 

Model AICc Delta AICc AICc Weights Model Likelihood K Deviance 

{S(TT)} 219.36 0 0.36 1 2 215.36 

{S(year + TT)} 219.88 0.51 0.27 0.77 3 213.86 

{S(TT + inj)} 220.49 1.12 0.20 0.56 3 214.47 

{S(TT + age)} 221.35 1.98 0.13 0.37 3 215.33 

{S(T)} 226.90 7.53 0.00 0.02 2 222.89 

{S(T)} 227.45 8.08 0.00 0.01 3 221.43 

{S(T + inj)} 227.93 8.56 0.00 0.01 3 221.91 

{S(year + site + inj)} 238.09 18.72 0.00 0.00 4 230.06 

{S(year)} 238.93 19.56 0.00 0.00 2 234.92 

{S(.)} 239.22 19.85 0.00 0.00 1 237.21 

{S(inj)} 239.24 19.87 0.00 0.00 2 235.23 

{S(site)} 240.12 20.75 0.00 0 2 236.11 

{S(dih)} 240.59 21.22 0.00 0 2 236.58 

{S(year + site)} 240.70 21.34 0.00 0 3 234.69 

{S(inj + dih)} 240.87 21.50 0.00 0 3 234.85 

{S(sex + age)} 242.73 23.36 0 0 3 236.72 
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Table 1.3 Survival model results for radio-marked resident bobwhites during the breeding 

season in Collingsworth county, Texas USA during the breeding season (April-August) 

2013-2014. 

Model AICc Delta 

AICc 

AICc 

Weights 

Model 

Likelihood 

K Deviance 

{S(.)} 207.22 0 0.31 1 1 205.22 

{S(bose)} 209.07 1.84 0.12 0.39 2 205.06 

{S(year)} 209.08 1.85 0.12 0.39 2 205.07 

{S(time x T)} 209.20 1.97 0.11 0.37 2 205.20 

{S(time x TT)} 209.22 1.99 0.11 0.36 2 205.22 

{S(time x T + bose)} 211.04 3.81 0.04 0.14 3 205.04 

{S(year + (time x T))} 211.05 3.83 0.04 0.14 3 205.05 

{S(year + bose)} 211.07 3.84 0.04 0.14 3 205.06 

{S(year + (time x TT)} 211.08 3.85 0.04 0.14 3 205.07 

{S(year + age + weight + 

sex)} 

214.54 7.32 0.00 0.02 5 204.53 
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Table 1.4 Cause-specific mortality proportions for marked resident and translocated 

Northern bobwhites with known fates in Collingsworth county, Texas USA during the 

breeding season (April-Aug) 2013-2014. 

Bird Group Year Avian Mammal Snake Unknown/Other 

Translocated 

2013 0.67 0.08 0.00 0.25 

2014 0.65 0.18 0.00 0.18 

Pooled 0.66 0.14 0.00 0.21 

Resident 

2013 0.50 0.17 0.17 0.17 

2014 0.50 0.30 0.00 0.20 

Pooled 0.50 0.25 0.06 0.19 
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CHAPTER II 

EVALUATION OF HOME RANGE AND NEST SUCCESS FOR 

RESIDENT NORTHERN BOBWHITES AND TRANSLOCATED 

NORTHERN BOBWHITES FROM SOUTH TEXAS TO THE 

ROLLING PLAINS OF TEXAS 

INTRODUCTION: 

 

Northern bobwhites (Colinus virginianus) are an incredibly important resource 

throughout the state of Texas, that provide recreational activities for sportsmen. 

Throughout the Rolling Plains of Texas many communities and landowners rely, in part, 

on the direct and indirect economic revenue that can be generated by quail hunting, 

making bobwhites a valuable commodity (Burger et al. 1999, Johnson et al. 2012). There 

has been a long-term decline of Northern bobwhites, specifically from 2000-2010, where 

Northern bobwhites have declined at a rate of 3.5% per year (Sauer et al. 2011). These 

declines were also represented by roadside counts conducted in the Rolling Plains 

ecoregion by Texas Parks and Wildlife where an average of 21.05 individuals were 

counted per route in 2007 and plummeted to 2.80 average individuals for bobwhites in 

2013, which was a record low (Texas Parks and Wildlife Department 2018). Being 

valuable and recreationally important, there is an increased concern when bobwhite 

populations decline throughout the region, which force agencies and land managers to 

search for causes, and potential solutions to reverse these population trends. 

These declines in Northern bobwhite populations likely cannot be linked to one 

factor. Rather, it is likely a multitude of interconnected factors and processes. Potential 
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causes for population declines offered by Hernández et al. (2013) are habitat 

fragmentation, increases in predator densities, new disease processes, and land use 

changes. Another factor that has been documented to drastically influence quail 

populations throughout its range is fluctuations in precipitation. Drought effects on 

Northern bobwhites in Texas were documented as early as 1962, when boom or bust 

sequences of populations were described when favorable precipitation conditions 

followed periods of drought (Jackson 1962). In semi-arid areas, such as the Rolling 

Plains, drought conditions correlate strongly to Northern bobwhite abundance (Bridges et 

al. 2001). There is further intuitive evidence showing this connection as the Rolling 

Plains experienced severe drought conditions in 2011. Based on roadside counts 

conducted by Texas Parks and Wildlife, the effects on Northern bobwhite abundance 

were reflected by historic lows for bobwhites counted in 2012 and 2013, suggesting 

populations did not recover as precipitation levels returned close to the yearly average in 

2012 and the Rolling Plains upgraded out of drought status according to the Modified 

Palmer Drought Severity Index (NOAA National Centers for Environmental Information 

2018, Texas Parks and Wildlife Department 2018). The lack of positive response by 

Northern bobwhite populations throughout the region was concerning to landowners, 

managers, and sportsmen. Even though favorable conditions had returned, constraints on 

the low densities of Northern bobwhites throughout the region did not allow for 

propagation at a scale to increase abundance throughout the Rolling Plains. One 

possibility influencing this response may be predation. While predators do not typically 

regulate prey population growth when prey densities are high, predators can be limiting 
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when prey populations are at low abundance (Sinclair and Pech 1996). While it is typical 

for managers to let quail populations naturally repopulate following low population 

numbers, in the case of such extreme population reductions, this approach may not be 

successful on a temporal scale or even possible due to local extinctions of Northern 

bobwhites in certain isolated areas. Lack of population response to favorable conditions 

leads biologists to search for active approaches of supplementing populations of Northern 

bobwhites via translocation in the Rolling Plains. 

Active management techniques of supplementing existing resident populations of 

Northern bobwhites have occurred for many decades (Buechner 1950). These early 

attempts relied on using pen-reared Northern bobwhites as the source for releases to 

repopulate areas, and while they provided short term opportunities for sportsmen, there 

were a myriad of issues resulting in states abandoning these programs (Buechner 1950, 

Kozicky 1993). The efficacy of repopulating Northern bobwhites with pen-reared 

individuals relied heavily on the ability of the pen reared birds to survive and reproduce 

at similar rates to that of wild resident individuals. Pen-reared bobwhites cannot survive 

or reproduce effectively, and this failure has been repeatedly demonstrated (Roseberry et 

al. 1987, DeVos Jr and Speake 1995, Oakley et al. 2002, Perez et al. 2002). Furthermore, 

as releasing pen-reared birds to repopulate bobwhites became a common practice, there 

were concerns about effects on the wild stock present on these areas. Releasing pen-

reared bobwhites negatively effects the survival of resident wild Northern bobwhites in 

the same area, by increasing predator presence in the area (Sisson et al. 2000). Large 

scale releases of pen-reared bobwhites also increase the opportunities for potential 
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breeding interactions between pen-reared and wild individuals which could compromise 

the genetic integrity of local populations (Evans et al. 2009). The lack of effectiveness of 

releasing pen-reared birds to supplement populations of wild Northern bobwhites led 

researchers to focus on the efficacy of translocating wild caught Northern bobwhite. 

There have been several attempts at translocating Northern bobwhites with differing 

objectives and techniques, and with drastically different results (Liu et al. 2000, Parsons 

et al. 2000, Terhune et al. 2006a, Terhune et al. 2010, Sisson et al. 2012, Scott et al. 2013, 

Downey et al. 2017, Martin et al. 2017, Wiley and Stricker 2017). These studies range in 

focus from trying to restore populations to isolated and fragmented habitat where natural 

colonization of Northern bobwhites may have been unlikely, to translocating individuals 

to supplement struggling or recovering populations. In previous translocation efforts 

where translocated wild Northern bobwhites are released into areas containing resident 

wild populations, survival and movements where comparable between translocated and 

resident individuals (Terhune et al. 2006b, Terhune et al. 2010). The method of releasing 

individuals into areas with resident individuals already present, could increase success 

due to assumption that habitat is suitable and with greater likelihood of conspecific 

attraction. 

The focus of my study is that when large scale negative disturbances at regional 

scales, such as severe prolonged drought, sustainable source populations for translocation 

purposes within the region may be unavailable or contained on properties where 

individual Northern bobwhites are considered an invaluable commodity as populations 

recover and are not available for removal. The largest single problem with translocation 
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of a declining species is finding a source population which can ethically serve as a donor 

population. Having viable and sufficient sources of wild birds as a donor population from 

the Rolling Plains is unpredictable, especially with the prediction of more frequent 

drought events in the future (Rind et al. 1990). One of the keys outlined for a successful 

translocation protocol is to minimize the latitude difference between source site and 

release site (Martin et al. 2017), however, conditions might render this unfeasible. 

Bobwhite populations in the South Texas Plains and Gulf Prairies and Marshes 

ecoregions have been more stable and have had greater abundance than that observed in 

the Rolling Plains prior to the implementation of this study (Texas Parks and Wildlife 

Department 2018). In 2011, average number of individuals on survey routes in those 

regions were approximately double of what was observed in the Rolling Plains. These 

population trends suggest in years of regionwide drought conditions in the Rolling Plains, 

Northern bobwhites from the South Texas Plains and Gulf Prairies and Marshes region 

might be a plausible translocation source. Increasing survival of translocated bobwhites 

goes hand in hand with having the ability of examining reproductive output and 

utilization distributions. Bird capture can result in muscle damage and weakness, and 

influence survival (Dabbert and Powell 1993). It has been shown that treating myopathy 

effects of capture and translocation with Vitamin E and Selenium injections can mitigate 

the negative effects on survival with translocated bobwhites (Abbott et al. 2005). 

Selenium and Vitamin E injections effectiveness on influencing survival in this study will 

be monitored, as it has the potential to be an important component to long distance 

translocation protocols. Cross ecoregion translocation of bobwhites in Texas has occurred 
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before in managed lands in East Texas, and while comparisons of survival rates resulted 

in slightly lower estimates of survival for translocated bobwhites from South Texas, it 

was not significant statistically (Liu et al. 2000, Liu et al. 2002). Therefore, we expect 

similar results in our study.  

The recruitment of bobwhites into the fall population is heavily influenced by 

precipitation in west Texas and reproduction is suppressed during drought conditions 

(Bridges et al. 2001). With favorable conditions returning to the Rolling Plains, 

translocation could provide more breeding individuals to help “jump-start” the population 

and add to fall recruitment. The application of translocating bobwhites that can survive 

and reproduce through the breeding season effectively adds more breeding individuals to 

the population. Translocation of bobwhites in the Southeastern United States just prior to 

breeding season resulted in translocated bobwhites having reproductive demographics 

similar to resident bobwhites (Terhune et al. 2006a). Translocation of bobwhites in the 

Rolling Plains of Texas has produced encouraging reproductive demographics in terms of 

nesting rate and nest success when the source population comes from within the 

ecoregion (Downey et al. 2017). These positive instances of reproductive performance 

warrant the exploration of these demographics when the source population comes from a 

different ecoregion, especially in the case of regionwide declines making the possibility 

of an inter-region source population unlikely.  

A successful translocation protocol in our scenario, could potentially allow 

managers another alternative to supplement populations via translocation when regional 

source populations are not available. Even though translocation is very intensive and 
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expensive, a successful effort would be worthwhile in my opinion. For success, 

translocated individuals would have to exhibit demographically similar parameters to that 

of resident wild Northern bobwhites. My objective was to compare home range, nest 

success between Northern bobwhites translocated from South Texas to the Rolling Plains 

with resident wild birds already present at the release areas. Home ranges of translocated 

individuals are expected to be similar to resident individuals which has been seen when 

releasing translocated bobwhites into areas with resident bobwhites (Liu et al. 2002, 

Terhune et al. 2006b, Terhune et al. 2010). Comparable reproduction rates between 

translocated and resident individuals would also provide insight on the feasibility of a 

protocol of translocation of bobwhites across ecoregions. 

STUDY AREA: 

 

SOURCE SITE: 

 

The Jacalon Ranch is privately owned 1,888 ha South Texas ranch in Webb and 

Zapata counties about 16.09 km south of Mirando City, Texas (Figure 1.1). The Bordas 

Escarpment runs through the upper part of the ranch, bringing together the red sandy 

savanna grasslands of the coastal plains with the flat to rolling hills of the lower brush 

country. This property is primarily used as a recreational property for hunting whitetailed 

deer (Odocoileus virginianus), collared peccary (Tayassu tajacu), dove (Zenaida and 

Streptopelia spp.), and waterfowl. This property straddles two major land use resource 

areas (83B and 83C), as defined by the Natural Resources Conservation Service, resulting 

in distinct ecological variability between areas of the property. 
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Dominant soil types include Brundage Fine Sandy Loam, Copita Fine Sandy 

Loam, Hebbronville Loamy Fine Sand, Maverick Soils, Maverick-Catarina Complex, 

Zapata-Rock Outcrop Complex, Gently Undulating (Natural Resources Conservation 

Service (NRCS) 2018b). 

Dominant grass species occurring on the Jacalon Ranch are cane bluestem 

(Bothriochloa barbinodis), multiple grama species (Bouteloua spp.), Arizona cottontop 

(Digitaria californica), tanglehead (Heteropogon contortus), hooded windmillgrass 

(Chloris cucullate), curlymesquite (Hilaria belangeri), and plains bristlegrass (Setaria 

macrostachya) (Natural Resources Conservation Service (NRCS) 2018a). Woody species 

occurring on the Jacalon Ranch are honey mesquite (Prosopis glandulosa), blackbrush 

acacia (Acacia rigidula), whitebrush (Aloysia schaffneri), spiny hackberry (Celtis 

ehrenbergiana), lotebush (Ziziphus obtusifolia), and pricklypear (Opuntia spp.) (Natural 

Resources Conservation Service-(NRCS) 2018a). 

Common forb species found on the area include cuman ragweed (Ambrosia 

psilostachya), bundleflower (Desmanthus spp.), croton (Croton spp.), common 

broomweed (Amphiachyris dracunculoides), pepperweed (Lepidium spp.), wild petunia 

(Ruellia spp.), awnless bushsunflower (Simsia calva), globemallow (Sphaeralcea spp.), 

and verbena (Verbena spp.) (Natural Resources Conservation Service (NRCS) 2018a). 

 

RELEASE SITE: 

 

The Mill Iron Ranch is a privately owned 12,141 ha ranch located in 

Collingsworth, County Texas (Figure 1.1). The property is bisected by the Salt Fork of 



                                                                 Texas Tech University, Sean R. Yancey, August 2019  

53 
 

the Red River with topography ranging from rolling hills to steep canyons. This property 

is operated as a commercial cow-calf operation. Commercial hunting opportunities are 

made available on the property on a restricted basis. Northern bobwhite hunting was 

common prior to 2011, however, after severe drought and population declines, hunting 

Northern bobwhites on the property was halted after the 2010 hunting season and through 

the duration of this translocation study (August 2014). The Mill Iron Ranch falls within 

major land use resource area 78B as defined by the Natural Resources Conservation 

Service. This is defined as predominantly a tallgrass-midgrass community. 

Dominant soil types located throughout the property consist of Lueders-Sagerton 

complex, Lutie-Quinlan-Cottonwood complex, Miles fine sandy loam, Quinlan-

Woodward loams, and Springer loamy fine sand (Natural Resources Conservation 

Service-(NRCS) 2018b). 

Dominant grass species found on the ranch include little bluestem (Schizachyrium 

scoparium), sand bluestem (Andropogon hallii), indiangrass (Sorghastrum nutans), sand 

dropseed (Sporobolus cryptandrus), multiple grama species (Bouteloua spp.), and Texas 

bluegrass (Poa arachnifera) (Natural Resources Conservation Service-(NRCS) 2018a). 

Dominant forb species on the area included western ragweed (Ambrosia psilostachya), 

purple prairieclover (Dalea purpurea), Engelmann’s daisy (Engelmannia peristenia), and 

annual wildbuckwheat (Eriogonum annuum), and Mexican sagewort (Artemisia 

ludoviciana subsp. mexicana) (Natural Resources Conservation Service-(NRCS) 2018a). 

Woody vegetation occurring within the Mill Iron Ranch include honey mesquite 

(Prosopis glandulosa), redberry juniper (Juniperus pinchotii), sand shinnery oak 
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(Quercus havardii), hackberry (Celtis spp.), plains cottonwood (Populus deltoides subsp. 

monilifera), salt cedar (Tamarix gallica), Chickasaw plum (Prunus angustifolia), and 

sand sagebrush (Artemisia filifolia) (Natural Resources Conservation Service-(NRCS) 

2018a).   

 

METHODS: 

 

TRAPPING AND TRANSLOCATION: 

 

Quail were captured using walk-in funnel traps (Stoddard 1931) that were baited 

with milo (Sorghum bicolor) during March and April, 2013 and 2014 on both the source 

(Jacalon) ranch and the release (Mill Iron) ranch. Traps were covered with natural 

vegetation to be inconspicuous to predators, especially avian predators, in the event 

individuals were captured. Traps were checked twice daily, approximately 3 hours after 

sunrise and at sunset. If birds were found in a trap, individuals were placed in a ventilated 

cotton bag for later processing. Individuals caught on the release ranch were considered 

resident birds to be used for comparison to translocated individuals. Resident individuals 

were processed at the capture (trap) location and released immediately after processing. 

Individuals caught on the source ranch for translocation were processed in the same 

manner, however, they were held for translocation. Individuals trapped within the same 

trap were assumed to be of the same covey. All individuals from one trapping event at 

one location were put into separate cotton bags to maintain covey affiliation. All 

individuals were then transported and processed at the holding facility location. 
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Processing of each individual entailed recording age, sex, and mass to the nearest 

0.1 gram. All individuals received a leg band containing a unique identification number 

and a blood sample was obtained through the brachial vein from all individuals for other 

ongoing research. Stress and muscular myopathy effects from capture and translocation 

and their effects on survival were of interest. Every captured resident and translocated 

individual of both sexes were randomly assigned a saline injection or Vitamin E and 

Selenium injection from the protocol outlined by Abbott et al. (2005). Individuals 

received the assigned solution intramuscularly in the left Pectoralis major. Individuals 

assigned the Vitamin E and Selenium injection received a 0.1 ml injection of Vitamin E 

(0.45 mg/Kg as d-alpha tocopherol acetate) and Selenium (0.06 mg/Kg as sodium 

selenite, BO-SE ® Selenium, manufactured by Schering-Plough Animal Health 

Corporation, Union, New Jersey, USA) dissolved in sterile saline. Birds assigned the 

saline injection received 0.1 ml of sterile saline. The primary focus in determining 

success of this translocation protocol was the reproductive unit’s survival and 

reproductive output, hence, females weighing 150g or more were outfitted with a 6g 

necklace-style radio transmitter (American Wildlife Enterprises, Monticello, Florida).  

Due to the large distance between source site and release site (approximately 850 

km straight line distance at a direction of 353°), it was not feasible logistically to 

transport individuals immediately after capture. A holding facility was constructed at the 

source site to contain individuals until trapping was terminated and individuals could be 

translocated. A chain link fence enclosure (1.83 m x 3.05 m x 1.83 m), as well as chain 

link top, was constructed away from housing, roads, or general unnatural disturbances to 
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reduce exposure to possible stressors. A top was placed on the enclosure to keep potential 

predators from entering the enclosure. Privacy netting was also placed around the 

enclosure to obstruct visual stressors as well as provide thermoregulation relief. Within 

the enclosure, modified recall pens (60.96 cm x 45.72cm x 25.4 cm) were placed to house 

coveys until time for translocation. Care was taken to keep individuals caught together in 

the same holding pen for subsequent translocation and release. Individuals caught from 

multiple trapping occasions were placed in holding pens together to form artificial 

“coveys” in hopes of amalgamation upon translocation and release. Coveys were kept as 

close as possible to “optimal” covey size as described by Williams et al. (2003) and 

individuals in each holding pen where kept together through translocation and release. 

Coveys in holding pens were provided free constant access to a mix of milled protein 

feed (Purina® Game Bird Chow®) and milo, as well as constant access to free standing 

water. Our goal was to have no individual be held longer than 14 days from time of 

capture to release as constant trapping of individuals was conducted for translocation. 

This guideline was achieved in all cases except for 7 individuals that circumstances 

dictated being held slightly longer between 14 and 21 days. 

At time of transportation for release if there were additional VHF transmitters that 

were not placed on females, the extra transmitters were randomly placed on males > 150g 

to increase sample size for survival analysis of translocated individuals. In all cases 

where males were measured just prior to transport, mass had increased from initial 

trapping processing. Coveys were transferred to transport containers (68.58 cm x 45.72 

cm x 16.51 cm; GQF Manufacturing Company Inc., Savannah, Georgia) and placed 
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inside a vehicle and covered with a cotton sheet for transport. Each transport container 

received lengthwise quarterly cut cucumbers for consumption during travel to aid in 

hydration. Travel time was approximately 11 hours and transport was initiated at 

approximately 21:00 central standard time. This allowed for arrival at release site early 

morning for release. Early morning releases were emphasized to allow for maximum 

daylight for acclimation. Translocated coveys were randomly assigned release sites at 

locations of known resident coveys. Once a translocated covey was assigned a release 

area paired with a resident covey, the resident covey was located using a homing 

technique (White and Garrott 2012), from individuals already outfitted with a VHF 

transmitter. Once close proximity (approximately 30 m) was attained without disturbing 

the resident covey, the translocated covey was hard released. A hard release in this study 

was to open transportation crate and let individuals freely disperse. There was no 

supplementation of resources provided, such as feed. Released bobwhites where checked 

the same evening and in most situations the translocated individuals regrouped, but there 

was no observation of amalgamation with marked resident bobwhites that was noticed the 

day of release.   

RADIO TELEMETRY: 

 

Radio-marked individuals were located approximately 1 time weekly initially 

after release using a homing technique (White and Garrott 2012), and as individuals were 

censored (dead or loss of signal) from the study monitoring occasions increased in 

occasions per week. Monitoring took place from April through August both years. Radio 
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transmitters contained a mortality switch that changed from emitting a 2 second signal to 

a 1 second signal if the radio transmitter had not moved for 12 hours.  Data recorded at 

time of homing was location, survival (live or dead) and nesting status for hens. If 

mortality signal was being emitted the radio collar was located and cause of mortality 

was determined in accordance to (Dumke and Pils 1973, Curtis et al. 1988). Due to rapid 

long-distance movements, terrain topography, and radio transmitter signal capabilities, 

there were many instances of lack of signal acquisition for individuals. In the case of lost 

signals, an omnidirectional antenna was attached to a vehicle and ranch roads and ranch 

perimeter roads were driven in attempt to relocate individuals and gain signal acquisition. 

This resulted in “ragged” or uneven monitoring occasions. If radio marked hens were 

presumed to be nesting (same location in subsequent checks) monitoring increased to at 

least every other day to determine nest fate (success or failure). If the females were 

present on the nest it was assumed to still be active and left undisturbed. Once a female 

was not present upon a nest check visit the nest was inspected to determine if the nest 

was still active, successful, or had been predated. In all cases the clutch size was 

determined by counting eggs present. 

STATISTICAL ANALYSIS: 

 

Marked individuals that survived to obtain ≥ 30 fixed GPS locations through the 

homing technique (White and Garrott 2012), were considered for home range analysis 

during the breeding season (approximately April-August). Individuals with ≤ 30 locations 

were excluded from home range analysis as home range estimates tend to plateau and 
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stabilize after 30 locations (Kenward 2000).  Quail home ranges were calculated using 

the gathered GPS locations for inputs into the AniMove (Animove Team 2008) package 

in QGIS (QGIS Development Team 2018) to obtain a 95% minimum convex polygon 

(MCP) estimate of home range (Blair 1940, Odum and Kuenzler 1955) excluding 5% of 

the most extreme locations. These 95% MCP home range estimates were chosen since 

density estimators may exclude relevant areas important to the success of translocated 

individuals and to have synonymous estimates with other translocation studies (Liu et al. 

2002, Terhune et al. 2006b). Evaluation of home range differences between translocated 

and resident Northern bobwhites was determined using the general linear model 

framework (lm package R) by implementing an unbalanced two-way analysis of variance 

(ANOVA) in Program R (R Core Team 2018).  

The nest survival model using the logitlink function (Dinsmore et al. 2002) in 

Program MARK (White and Burnham 1999) was used to assess and obtain a daily 

survival rate (DSR) for nests of translocated and resident individuals. Only two 

translocated females survived the duration of the monitoring period during the breeding 

season in 2013 and neither individual attempted a nest. In 2014, four individual 

translocated individuals attempted a nest and were used as inputs to obtain DSR for nests 

attempted by translocated individuals. The data meets the assumptions outlined by the 

nest survival model due to intensive monitoring via radio-telemetry to accurately and 

correctly age nests and determine nest fates. Our nest checks did not influence nest 

survival and it is assumed nest fates were independent. The date a females location did 

not change in consecutive checks was used as the date the nest was found (i), and nest 
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was confirmed when incubating hen was absent from the nest site; the day before the nest 

was successfully hatched or failed was the last day the nest was checked alive (j); the date 

of nest fate determination was the last day the nest was checked (k); (Dinsmore et al. 

2002). The first translocated nest was located on June 18th and the last active day for a 

nest of a translocated individual was July 22nd, resulting in 34 daily estimates of nest 

survival for translocated bobwhites. The first resident nest was located on May 21st and 

the last date a resident nest was active was July 22nd. This resulted in 63 daily nest 

survival estimates for resident bobwhite nests. Resident nest success was evaluated using 

an information theoretic approach using the nest survival model in program MARK. 

Competing models were developed a priori using parameters of group (year), time, and 

group x time. A DSR for nest success was obtained to evaluate nest success for resident 

individuals. Northern bobwhites typically incubate for 23 days as reported by Rosene 

(1969), therefore obtained DSR’s were taken to the 23rd power to estimate chance of a 

nest successfully making it through the 23-day incubation period. 

 

RESULTS: 

 

HOME RANGE: 

 

Estimated mean MCP home range for translocated bobwhites (n=2) in 2013 was 

20.62 ha (SE=0.22; Figure 2.2). The range for estimated mean MCP home ranges for 

translocated bobwhites in 2013 was 20.40 – 20.85 ha. Estimated mean MCP home range 



                                                                 Texas Tech University, Sean R. Yancey, August 2019  

61 
 

for translocated bobwhites (n=6) in 2014 was 20.58 ha (SE=4.05; Figure 2.2). The range 

for estimated mean MCP home ranges for translocated bobwhites in 2014 was 5.68 – 

30.02 ha. Estimated mean MCP home range for pooled (2013-2014) translocated 

Northern bobwhites was 20.59 ha (SE=2.97) ranging from 5.68 – 30.02 ha.  

Estimated mean MCP home range for resident bobwhites (n=6) in 2013 was 13.59 

ha (SE=5.24; Figure 2.3). The range for estimated mean MCP home ranges for resident 

bobwhites in 2013 was 2.85 – 36.61 ha. Estimated mean MCP home range for resident 

bobwhites (n=16) in 2014 was 34.85 ha (SE=5.35; Figure 2.3). The range for estimated 

mean MCP home ranges for resident bobwhites in 2014 was 5.40 – 69.43 ha. Estimated 

mean MCP home range for pooled (2013-2014) resident Northern bobwhites was 29.05 

ha (SE=4.58) ranging from 2.85 – 69.43 ha.  

Home range estimates did not differ between translocated and resident individuals 

in 2013 (F=0.54, P=0.490; Figure 2.4). Home range estimates did not differ between 

translocated and resident individuals in 2014 (F=2.41, P=0.136; Figure 2.5). Home range 

estimates did not differ between translocated and resident individuals when years 2013 

and 2014 were pooled (F=1.16, P=0.291; Figure 2.6). 

NEST SUCCESS: 

 

There were no nests attempted by translocated hens during 2013. There were 4 

nests attempted by translocated hens in 2014 with average clutch size of 10.75. First nest 

was found on June 18 and last nest was found July 10. Raw nest success was 75%. In 

2014, DSR for nests by translocated individuals was estimated at 0.9846129, (95% C.I. 
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0.8987405-0.9978371). Estimate of success for single nests to successfully survive the 

incubation period is 0.984612923 = 0.7000144. Resident individuals attempted 5 and 12 

nests in 2013 and 2014, respectively. Average clutch size for resident individuals was 

11.80 and 11.67 in 2013 and 2014 respectively. The first nest was found May 21 and the 

last nest was found July 8. Pooled raw nest success for resident bobwhites was 41%. In 

2013, DSR for nests by resident individuals was estimated at 0.9668416, (95% C.I. 

0.9021836-0.9892681). Estimate of success for single nests to successfully survive the 

incubation period is 0.966841623 = 0.4604394. In 2014, DSR for nests by resident 

individuals was estimated at 0.9659651, (95% C.I. 0.9303047-0.9836991). Estimate of 

success for single nests to successfully survive the incubation period is 0.965965123 = 

0.4509340. Pooled (2013-2014) DSR for nests by resident individuals was estimated at 

0.9662331, (95% C.I. 0.9383702-0.9817442). Estimate of success for single nests to 

successfully survive the incubation period is 0.966233123 = 0.4538203.  

Resident Northern Bobwhite Nest Success Model Based Comparison: There was 

one model that carried an AICc weight ≥ 0.8. The most parsimonious model for nest 

success of resident Northern bobwhites was explained by group and within year time 

effects (AICc weight = 0.97920). 

TRANSLOCATED AND RESIDENT AMALGAMATION: 

 

 Of interest was the possibility and observation of translocated individuals being 

incorporated into resident coveys after release. There was no documentation of 

translocated individuals being integrated into resident coveys immediately after release. 
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During the course of covey break up for pair formation, there were sporadic occurrences 

of marked translocated hens being observed with marked resident hens. There was no 

case of marked translocated hens being paired with resident males or vice versa. There 

were no cases of marked translocated individuals being paired with other marked 

translocated individuals during the breeding season. 

DISCUSSION: 

 

Comparison of home range sizes between translocated and resident individuals 

can lead to insight on the behavioral adjustment that is required by translocated 

individuals when moved to differing habitat types. We expected to see home range sizes 

for translocated bobwhites comparable in size to resident bobwhites as shown in previous 

translocation studies (Liu et al. 2002, Terhune et al. 2006b). With extremely small sample 

size inhibiting ability to detect statistical differences considered, we found no difference 

between home range sizes between translocated bobwhites and residents. Although, by 

just examining means, translocated bobwhites’ home ranges were smaller by 8.46 ha 

during the breeding season (approximately May-July). This was also seen with resident 

and translocated individuals in translocation efforts in East Texas. Liu et al. (2002) 

reported larger home range sizes for resident bobwhites when compared to translocated 

bobwhites. In successful translocation efforts in the Southeast, home ranges between 

resident and translocated individuals did not differ in size (Terhune et al. 2006b, Terhune 

et al. 2010). Scott et al. (2013) found that home range sizes were larger for translocated 

individuals when compared to resident individuals marked from the source site, but this 
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behavioral difference could likely be due to the release of bobwhites into areas where 

bobwhite populations were low or nonexistent. They identified translocated individuals 

that made rapid long-distance movements initially but settled into a core use area (>2 km 

from release site) as “dispersers” similar to Townsend et al. (2003). All translocated 

individuals contributing to home range size on our study would not be considered 

dispersers under their context. Possible suggestions for discrepancies in home range sizes 

of translocated individuals among different studies is the presence of conspecifics as 

offered by Scott et al. (2013). In our study, translocated individuals were purposely 

released in close proximity to resident birds as the case with other translocation efforts 

with intent to compare home ranges (Liu et al. 2002, Terhune et al. 2006b, Terhune et al. 

2010). Dispersing individuals will be attracted to areas where conspecifics (individuals of 

the same species) reside and has been documented in multiple avian species (Ward and 

Schlossberg 2004, Ahlering and Faaborg 2006, Ahlering et al. 2006). Integration of 

translocated bobwhites with resident coveys as well as pair formation with resident 

individuals likely contributed to the results seen in our study.  

In general, our reported home ranges for translocated and resident Northern 

bobwhites were similar in size to other reported findings. Both translocated and resident 

breeding season home range sizes were only slightly larger than observed by Terhune et 

al. (2006b), 17.35 ha and 16.77 ha for translocated and resident bobwhites respectively. 

Our obtained breeding season home ranges were significantly smaller in size than what 

was observed by Liu et al. (2002), 42.6 ha and 61.9 ha for translocated bobwhites from 

South Texas and resident bobwhites, respectively.  
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Rates of daily survival for nests by translocated bobwhites in our study were 

higher than that of resident bobwhites, 0.9846129 to 0.9662331 respectively, however 

comparisons are spurious as DSR for translocated individuals was based on only four 

nests attempted in 2014. When DSR for translocated nests in our study is extrapolated to 

the 23-day incubation period it estimates that 70% of nests survive incubation to 

hatching. This value is high when compared to other studies documenting nest success 

for translocated individuals (Parsons et al. 2000, Terhune et al. 2006a, Scott et al. 2013, 

Downey et al. 2017). Our extrapolated nest success for resident bobwhites in our study 

(45.38%), was closer in values to what was generally observed for both resident and 

translocated bobwhites. Only 50% of translocated individuals that survived to breeding 

season initiated and incubated a nest, which is lower than what was observed for 

translocated bobwhites in the Southeast (Terhune et al. 2006a). In most successful 

translocation studies, birds are moved from locations in close proximity to the release 

site, therefore sharing similar habitats. It is possible that translocated hens were still 

experiencing stressors from relation and acclimation to new habitat due to long distance 

translocation. This was observed by Parsons et al. (2000) for birds translocated from 

South Texas to East Texas suggesting possible reduced fitness and behavioral 

acclimation from bobwhites translocated between ecoregions.  

While it is promising to see the initiation of successful nests by translocated 

individuals, the effectiveness of supplementing struggling bobwhite populations in this 

manner minute due to the lack of hens surviving long enough to breed and initiate 

nesting. If lack of survival by translocated individuals was addressed and augmented, 
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there is potential for greater reproductive output by translocated bobwhites in our 

scenario.  

MANAGEMENT IMPLICATIONS: 

 

Based off the small sample size of translocated individuals, inferences on 

demographics are limited. We did observe that if translocated individuals do survive to 

breeding season, they do have comparable movements and reproductive output to that of 

the already present individuals. At this point translocating bobwhite from South Texas to 

the Rolling Plains of Texas appears to be inefficient at supplementing struggling or low-

density populations due to general lack of survival of translocated adult individuals. For 

future trans eco-region translocation efforts, every effort to increase adult survival to 

allow for opportunities to successfully reproduce. Even though bobwhites may be 

regionally unavailable for translocation to supplement populations, it does not appear that 

moving individuals from ecoregions with higher population densities, South Texas to the 

Rolling Plains in our case, is effective.  
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Figure 2.1. Study area graphic depicting source site and release site counties and 

associated ecological regions within Texas, USA. 
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Figure 2.2. Boxplots comparing home ranges of translocated bobwhites from South 

Texas to Collingsworth County, TX, USA in years 2013 and 2014.  
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Figure 2.3. Boxplots comparing home ranges of resident bobwhites from Collingsworth 

County, TX, USA in years 2013 and 2014.  
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Figure 2.4. Boxplots comparing home ranges of translocated bobwhites from South 

Texas to Collingsworth County, TX, USA to resident bobwhites of Collingsworth 

County, TX, USA in year 2013.  
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Figure 2.5. Boxplots comparing home ranges of translocated bobwhites from South 

Texas to Collingsworth County, TX, USA to resident bobwhites of Collingsworth 

County, TX, USA in year 2014.  

 

 

 

 

 

 



                                                                 Texas Tech University, Sean R. Yancey, August 2019  

77 
 

Figure 2.6. Boxplots comparing pooled home ranges (2013 and 2014) of translocated 

bobwhites from South Texas to Collingsworth County, TX, USA to resident bobwhites of 

Collingsworth County, TX, USA.  
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CHAPTER III 

SURVIVAL AND CAUSE-SPECIFIC MORTALITY OF SCALED 

QUAIL TRANSLOCATED FROM SOUTH TEXAS TO THE 

ROLLING PLAINS OF TEXAS 

INTRODUCTION: 

 

Scaled Quail (Callipepla squamata) were once prevalent throughout much of the 

Rolling Plains Ecoregion encompassing Texas and Western Oklahoma, but have been 

experiencing severe declines within the region (Rollins 2000;2007). Since 1966, scaled 

quail have been declining at a rate of 6.1 percent in the Central Mixed Grass Prairies 

region which encompasses the Rolling Plains of Texas, and since 2005 that rate has 

increased to approximately 8% (Sauer et al. 2011) This is concerning as this species is an 

important resource throughout the state of Texas, that provide recreational activities for 

sportsmen as well as the birding community. Throughout the Rolling Plains of Texas 

many communities and landowners rely, in part, on the direct and indirect economic 

revenue that can be generated by quail hunting making scaled quail a potentially valuable 

commodity (Johnson et al. 2012). This increases concern when scaled quail populations 

decline throughout the region. Prior to the implementation of this study, this decline was 

also noted by roadside counts conducted in the Rolling Plains ecoregion by Texas Parks 

and Wildlife where an average of 3.78 individuals were counted per survey in 2005 to a 

0.06 average individual count in 2013 (Texas Parks and Wildlife Department 2018).  

Interestingly, scaled quail are often thought to be better suited for the arid climates of 

West Texas when compared to its relative, the Northern bobwhite (Colinus virginianus) 
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that also inhabits the Rolling Plains (Schemnitz 1964). However, despite the more rapid 

decline throughout the region, this species is far less studied and understood than the 

Northern bobwhite.  

These declines in scaled quail populations likely cannot be linked to one factor, 

rather, it is likely a multitude of interconnected factors and processes. Potential causes for 

population declines of scaled quail may be changing range conditions throughout the 

region over time and changing climatic differences (Schemnitz 1993, Bridges et al. 

2002). Also, with changing climate conditions, including precipitation, the response to 

precipitation differs between the two co-inhabitants, scaled quail and Northern bobwhites 

(Giuliano and Lutz 1993). Other hypotheses suggested are the possibility of disease as 

well as increased nest predation (Rollins 2000). A known process that influences quail 

populations throughout the Rolling Plains is fluctuations in precipitation. Precipitation 

effects on scaled quail in eastern New Mexico were documented as far back as 1968, 

when a positive correlation between hunter harvest and spring-summer precipitation was 

exhibited (Campbell 1968). Lusk et al. (2007) documented a boom or bust sequences 

every 2 to 3 years of scaled quail populations when favorable precipitation conditions 

followed periods of drought. In semi-arid areas, such as the Rolling Plains, drought 

conditions have been shown to correlate strongly to scaled quail abundance (Bridges et 

al. 2001). There is further intuitive evidence showing this connection as the Rolling 

Plains experienced severe drought conditions in 2011. Based on roadside counts 

conducted by Texas Parks and Wildlife, the effects on scaled quail abundance were seen 

with extremely low mean counts for scaled quail observed in 2012 and 2013, suggesting 
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populations did not recover as precipitation levels returned close to the yearly average in 

2012 and the Rolling Plains upgraded out of drought status according to the Modified 

Palmer Drought Severity Index. The lack of positive response by scaled quail populations 

throughout the region was concerning to landowners, managers, and sportsmen. This 

suggests that even though favorable conditions had returned, constraints on the low 

densities of scaled quail throughout the region did not allow for propagation at a scale to 

increase abundance throughout the Rolling Plains. While it is typical for managers to let 

quail populations naturally repopulate following low population numbers, in the case of 

such extreme population reductions, this approach may not be satisfying on a temporal 

scale or even possible due to local extinctions of scaled in isolated areas. This lead 

biologists searching for active approaches of supplementing populations of Northern 

bobwhites, thus, exploring options for the translocation of scaled quail. 

Active management techniques of supplementing existing resident populations of 

Northern bobwhites have been taking place for many decades (Buechner 1950), however, 

such practices have not been initiated for scaled quail or the history is poorly 

documented. For Northern bobwhite early attempts relied on using pen-reared Northern 

bobwhites as the source for releases to repopulate areas, but no such releases have been 

documented for scaled quail (Buechner 1950, Kozicky 1993). The efficacy of 

repopulating Northern bobwhites with pen-reared individuals relied heavily on the ability 

of the pen reared birds to survive and reproduce at similar rates to that of wild resident 

individuals, and it has been repeatedly shown that this is not the case bring questions to 

the legitimacy of this practice (Roseberry et al. 1987, DeVos Jr and Speake 1995, Oakley 
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et al. 2002, Perez et al. 2002). These failed attempts should also raise concerns for the 

practice of releasing pen-raised scaled quail as a strategy to repopulate areas across its 

range. While translocation of scaled quail research is very limited, there have been 

several studies conducted on the translocation of Northern bobwhites with varying 

degrees of success, which may lend techniques applicable to scaled quail (Liu et al. 2000, 

Parsons et al. 2000, Terhune et al. 2006a, Terhune et al. 2010, Sisson et al. 2012, Scott et 

al. 2013, Downey et al. 2017, Martin et al. 2017, Wiley and Stricker 2017). These studies 

range in focus from trying to restore populations to isolated and fragmented habitat where 

natural colonization of may have been unlikely, to translocating individuals to 

supplement struggling or recovering populations. Terhune et al. (2010) translocated wild 

Northern bobwhites into areas containing resident wild populations and these 

translocations were considered successful as survival and movements of translocated 

individuals was comparable to the resident individuals.  

Our study focuses on the premise that when large scale regional population 

declines at ecoregional scales, sustainable source populations for translocation purposes 

within the region may be unavailable or contained on properties where scaled quail are 

made unavailable for translocation. Scaled quail were once abundant throughout the 

Rolling Plains, however, their current core range occupies only the western portion of 

what was seen a few decades ago, making for isolated pockets of small populations in the 

Rolling Plains (Rollins 2000;2007, Silvy et al. 2007, Sauer et al. 2011). This makes 

having viable and sufficient sources of wild birds from the Rolling Plains questionable. 

Effort should be taken to minimize the latitudinal difference between source site and 
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release site, however, conditions could render this approach unfeasible. Scaled quail 

populations in the South Texas Plains and Gulf Prairies and Marshes ecoregions could 

potentially be a viable source population for translocation to the Rolling Plains. In 2011, 

average number of scaled quail individuals seen on survey routes was higher than what 

was observed in the Rolling Plains. This suggests in years of regionwide drought 

conditions in the Rolling Plains, that scaled quail from the South Texas Plains and Gulf 

Prairies and Marshes region might be a more plausible source for translocation of scaled 

quail. With researchers searching for reliable candidate source populations of scaled quail 

for translocation, it may require looking outside the Rolling Plains. One other 

translocation effort of scaled quail moved individuals from source populations in the 

High Plains and Edwards Plateau region to the Rolling Plains (Ruzicka et al. 2017). In 

the case of Northern bobwhites, cross ecoregion translocation has had variable and 

limited success in Texas (Liu et al. 2000, Scott et al. 2013).  

The process of capturing, handling, holding, and transporting wild avian species 

causes subclinical levels of capture myopathy that can ultimately effect the health and 

ability of an individual to subsist in a wild setting (Windingstad et al. 1983, Spraker et al. 

1987, Dabbert and Powell 1993). Levels of myopathy damage can be indicated with the 

serum concentrations of the enzyme creatine kinase (CK) in avian species (Dabbert and 

Powell 1993). The effects of myopathy on muscle tissue aren’t necessarily acute, and in 

translocation situations of avian species survival can significantly be influenced several 

days after release as indicated by elevated CK levels (Nicholson et al. 2000). Developed 

treatments of capture myopathy have shown to lower the levels of myopathy indicators in 
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other species (Businga et al. 2007). For bobwhites in particular, the treatment of 

myopathy with Vitamin E and Selenium injections has shown to successfully increase 

survival in a translocation situation (Abbott et al. 2005). The successful response to 

treatment of myopathy experienced by Abbott et al. (2005) in the translocation of 

bobwhites, albeit a shorter linear distance, led us to investigate the influence of myopathy 

treatment of scaled quail in our translocation project.   

A successful translocation protocol in our scenario, could potentially allow 

managers another alternative to supplement populations via translocation when regional 

source populations are not available. Even though translocation is very intensive and 

expensive, a successful effort would be worthwhile in our opinion.  My objective was to 

evaluate survival rates and cause specific mortality of scaled quail translocated from 

South Texas to the Rolling Plains of Texas. Survival rate is one of the most important 

demographic parameters and determinants of success in translocations, therefore, I 

investigated influences on survival rate. These parameters included age, sex, weight, 

release site, and days in holding. Bird capture can result in muscle damage and weakness 

(Dabbert and Powell 1993), so influence on survival of individuals injected with 

antioxidants Vitamin E and Selenium and those with a control solution of saline was 

examined. Cause specific mortality was also of interest and documented in these efforts. 

This information could possibly allow for future translocation efforts and managers to 

take predation into account during their efforts. 
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STUDY AREA: 

 

SOURCE SITE: 

 

The Jacalon Ranch is privately owned 1,888 ha South Texas ranch in Webb and 

Zapata counties about 16.09 km south of Mirando City, Texas (Figure 1.1). The Bordas 

Escarpment runs through the upper part of the ranch, bringing together the red sandy 

savanna grasslands of the coastal plains with the flat to rolling hills of the lower brush 

country. This property is primarily used as a recreational property for hunting whitetailed 

deer (Odocoileus virginianus), collared peccary (Tayassu tajacu), dove (Zenaida and 

Streptopelia spp.), and waterfowl. This property straddles two major land use resource 

areas (83B and 83C), as defined by the Natural Resources Conservation Service, resulting 

in distinct ecological variability between areas of the property. 

Dominant soil types include Brundage Fine Sandy Loam, Copita Fine Sandy 

Loam, Hebbronville Loamy Fine Sand, Maverick Soils, Maverick-Catarina Complex, 

Zapata-Rock Outcrop Complex, Gently Undulating (Natural Resources Conservation 

Service (NRCS) 2018b). 

Dominant grass species occurring on the Jacalon Ranch are cane bluestem 

(Bothriochloa barbinodis), multiple grama species (Bouteloua spp.), Arizona cottontop 

(Digitaria californica), tanglehead (Heteropogon contortus), hooded windmillgrass 

(Chloris cucullate), curlymesquite (Hilaria belangeri), and plains bristlegrass (Setaria 

macrostachya) (Natural Resources Conservation Service (NRCS) 2018a). Woody species 

occurring on the Jacalon Ranch are honey mesquite (Prosopis glandulosa), blackbrush 



                                                                 Texas Tech University, Sean R. Yancey, August 2019  

85 
 

acacia (Acacia rigidula), whitebrush (Aloysia schaffneri), spiny hackberry (Celtis 

ehrenbergiana), lotebush (Ziziphus obtusifolia), and pricklypear (Opuntia spp.) (Natural 

Resources Conservation Service-(NRCS) 2018a). 

Common forb species found on the area include cuman ragweed (Ambrosia 

psilostachya), bundleflower (Desmanthus spp.), croton (Croton spp.), common 

broomweed (Amphiachyris dracunculoides), pepperweed (Lepidium spp.), wild petunia 

(Ruellia spp.), awnless bushsunflower (Simsia calva), globemallow (Sphaeralcea spp.), 

and verbena (Verbena spp.) (Natural Resources Conservation Service (NRCS) 2018a). 

RELEASE SITE: 

 

The Mill Iron Ranch is a privately owned 12,141 ha ranch located in 

Collingsworth, County Texas (Figure 1.1). The property is bisected by the Salt Fork of 

the Red River with topography ranging from rolling hills to steep canyons. This property 

is operated as a commercial cow-calf operation. Commercial hunting opportunities are 

made available on the property on a restricted basis. Northern bobwhite hunting was 

common prior to 2011, however, after severe drought and population declines, hunting 

Northern bobwhites on the property was halted after the 2010 hunting season and through 

the duration of this translocation study (August 2014). The Mill Iron Ranch falls within 

major land use resource area 78B as defined by the Natural Resources Conservation 

Service. This is defined as predominantly a tallgrass-midgrass community. 

Dominant soil types located throughout the property consist of Lueders-Sagerton 

complex, Lutie-Quinlan-Cottonwood complex, Miles fine sandy loam, Quinlan-
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Woodward loams, and Springer loamy fine sand (Natural Resources Conservation 

Service-(NRCS) 2018b). 

Dominant grass species found on the ranch include little bluestem (Schizachyrium 

scoparium), sand bluestem (Andropogon hallii), indiangrass (Sorghastrum nutans), sand 

dropseed (Sporobolus cryptandrus), multiple grama species (Bouteloua spp.), and Texas 

bluegrass (Poa arachnifera) (Natural Resources Conservation Service-(NRCS) 2018a). 

Dominant forb species on the area included western ragweed (Ambrosia psilostachya), 

purple prairieclover (Dalea purpurea), Engelmann’s daisy (Engelmannia peristenia), and 

annual wildbuckwheat (Eriogonum annuum), and Mexican sagewort (Artemisia 

ludoviciana subsp. mexicana) (Natural Resources Conservation Service-(NRCS) 2018a). 

Woody vegetation occurring within the Mill Iron Ranch include honey mesquite 

(Prosopis glandulosa), redberry juniper (Juniperus pinchotii), sand shinnery oak 

(Quercus havardii), hackberry (Celtis spp.), plains cottonwood (Populus deltoides subsp. 

monilifera), salt cedar (Tamarix gallica), Chickasaw plum (Prunus angustifolia), and 

sand sagebrush (Artemisia filifolia) (Natural Resources Conservation Service-(NRCS) 

2018a).   

METHODS: 

 

TRAPPING AND TRANSLOCATION: 

 

Quail were captured using walk-in funnel traps (Stoddard 1931) that were baited 

with milo (Sorghum bicolor) during the months of March and April in 2013 and 2014 on 

the source site (Jacalon Ranch). Traps were covered with natural vegetation to be 
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inconspicuous to predators, especially avian predators, in the event individuals were 

captured. Traps were checked twice daily, approximately 3 hours after sunrise and at 

sunset. If birds were found in a trap, individuals were placed in a ventilated cotton bag for 

later processing. Individuals caught on the source ranch for translocation were 

immediately placed into breathable cotton sacks and moved to the holding facility to be 

processed. Individuals trapped within the same trap were assumed to be of the same 

covey. All individuals from one trapping event at one location were put into a shared 

cotton bag to maintain covey affiliation during processing. Scaled quail were unavailable 

on the release site for capture for comparison. 

Processing of each individual entailed measurements taken of age, sex, and 

weight to the nearest 0.1 gram. Age and sex of scaled quail were done in accordance to 

Wallmo (1956). All individuals received a leg band containing a unique identification 

number and a blood sample was obtained through the brachial vein from all individuals 

for other ongoing research. Stress and muscular myopathy effects from capture and 

translocation and their effects on survival were of interest. Each captured individual was 

randomly assigned a saline injection or Vitamin E and Selenium injection from the 

protocol outlined by Abbott et al. (2005), that experienced beneficial effects for Northern 

bobwhites. Individuals received the assigned solution intramuscularly in the left 

Pectoralis major. Individuals assigned the Vitamin E and Selenium injection received a 

0.1 ml injection of Vitamin E (0.45 mg/Kg as d-alpha tocopherol acetate) and Selenium 

(0.06 mg/Kg as sodium selenite, BO-SE ® Selenium, manufactured by Schering-Plough 

Animal Health Corporation, Union, New Jersey, USA) dissolved in sterile saline. Birds 
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assigned the saline injection received 0.1 ml of sterile saline. The primary focus in 

determining success of this translocation protocol was the reproductive unit’s survival 

and reproductive output, hence, females weighing 150g or more were outfitted with a 6 

gram necklace-style radio transmitter (American Wildlife Enterprises, Monticello, 

Florida).  

Due to the large distance between source site and release site (approximately 850 

km straight line distance at a direction of 353°), it was not feasible logistically to 

transport individuals immediately after capture. A holding facility was constructed at the 

source site to contain individuals until trapping was terminated and individuals could be 

translocated. A chain link fence enclosure (1.83 m x 3.05 m x 1.83 m), as well as chain 

link top, was constructed away from housing, roads, or general unnatural disturbances to 

reduce exposure to possible stressors. A top was placed on the enclosure to keep potential 

predators from entering the enclosure. Privacy netting was also placed around the 

enclosure to obstruct visual stressors as well as provide thermoregulation relief. Within 

the enclosure, modified recall pens (60.96 cm x 45.72cm x 25.4 cm) were placed to house 

coveys until time for translocation. Care was taken to keep individuals caught together in 

the same holding pen for subsequent translocation and release. Artificial formation of 

“coveys” within holding pens did contain individuals from other trapping occasions in 

hopes of amalgamation upon translocation and release. Northern bobwhite “optimal” 

covey size has been documented by Williams et al. (2003), unfortunately, this 

information does not exist for scaled quail. Coveys were kept to <20 individuals in this 

study and individuals in each holding pen where kept together through translocation and 
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release. Coveys in holding pens were provided free constant access to a mix of milled 

protein feed (Purina® Game Bird Chow®) and milo, as well as constant access to free 

standing water. Our goal was to have no individual be held longer than 14 days from time 

of capture to release as constant trapping of individuals was conducted for translocation. 

This guideline was held for in all cases except for 7 individuals that circumstances 

dictated being held slightly longer between 14 and 21 days. 

At time of transportation for release if there were additional VHF transmitters that 

were not placed on females, the extra transmitters were randomly placed on males of 150 

grams or more in weight to increase sample size for survival of translocated individuals. 

Coveys were transferred to transport containers (68.58 cm x 45.72 cm x 16.51 cm; GQF 

Manufacturing Company Inc., Savannah, Georgia) and placed inside a vehicle and 

covered with a cotton sheet for transport. Each transport container received lengthwise 

quarterly cut cucumbers for consumption during travel. Travel time was approximately 

11 hours and transport was initiated at approximately 21:00 central standard time. This 

allowed for arrival at release site early morning for release. Early morning releases were 

emphasized to allow for maximum daylight for acclimation. Translocated coveys were 

randomly assigned release sites on the Mill Iron Ranch. Coveys were not able to be 

released into known proximity of resident scaled quail due to scaled quail not being 

caught on the release ranch. 
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RADIO TELEMETRY: 

 

Radio-marked individuals were located approximately 1-2 times weekly initially 

after release using a homing technique (White and Garrott 2012), and as individuals were 

censored (dead or loss of signal) from the study monitoring occasions increased in 

occasions per week. Monitoring took place from April through August. Radio 

transmitters contained a mortality switch that changed from emitting a 2 second signal to 

a 1 second signal if the radio transmitter had not moved for 12 hours.  Data recorded at 

time of homing was location, survival (live or dead), nesting status. If mortality signal 

was being emitted the radio collar was located and cause of fatality was determined 

following Dumke and Pils (1973), Curtis et al. (1988). Due to rapid long-distance 

movements, terrain topography, and radio transmitter signal capabilities, there were many 

instances of lack of signal acquisition for individuals. In the case of lost signals, an 

omnidirectional antenna was attached to a vehicle and ranch roads and ranch perimeter 

roads were driven in attempt to relocate individuals and gain signal acquisition. This 

resulted in “ragged” or uneven monitoring occasions.  

STATISTICAL ANALYSIS: 

 

We estimated survival for the breeding season for translocated individuals. The 

breeding season in this study was defined as April through August. Breeding season 

survival was estimated using staggered entry Kaplan-Meier estimator (Pollock et al. 

1989) in the survival package in Program R. Kaplan-Meier estimator was chosen due to 

individuals being censored of unknown causes such as large dispersal distance or radio 
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failure, as well as confirmed fatalities. Individuals censored for unknown causes 

attributed to survival estimates until date of lost signal. Comparison of survival estimates 

between years was done using a log-rank chi-square test (Pollock et al. 1989). 

The nest survival model using the logitlink function (Dinsmore et al. 2002) in 

Program MARK (White and Burnham 1999) was used to assess possible influences of 

parameters during the breeding season for translocated scaled quail where fate was 

known. Nest survival (Dinsmore et al. 2002) model was chosen to best fit the data due to 

the “ragged” or uneven nature of monitoring events related to trapping and monitoring on 

properties a great distance apart as well as initial monitoring load upon initial release. 

Using nest survival model was found appropriate adult survival when monitoring 

intervals are irregular (Hartke et al. 2006). The data meets the assumptions outlined by 

the nest survival model due to intensive monitoring via radio-telemetry to accurately and 

correctly age individuals in the monitoring period and determine fates. Our nest checks 

did not influence individual scaled quail survival and it is assumed fates were 

independent. The release date for translocated individuals was used as the first day for 

translocated scaled quail (i); the day before the marked individual successfully survived 

the monitoring period or was censored to mortality was the last day the individual was 

checked alive (j); the date of scaled quail fate determination was the last day the 

individual was checked (k); (Dinsmore et al. 2002). The first translocated release was 

implemented on March 29th and the last active day of monitoring for the breeding season 

was May 6th, resulting in 39 daily estimates of survival for translocated scaled quail. 

Survival models were developed a priori and resulted in 13 models for translocated 



                                                                 Texas Tech University, Sean R. Yancey, August 2019  

92 
 

individuals. Several covariates were measured and used for predictors of variation in 

survival estimates (Table 3.1). 

RESULTS: 

 

TRAPPING: 

 

We trapped a total of 94 scaled quail and translocated a total of 90 scaled quail 

from the source location (Jacalon Ranch) just prior to the breeding season (n = 27 and 67 

for 2013 and 2014, respectively), where two individuals died or escaped during holding 

in 2013, as well as in 2014. In 2013 a total of 25 individuals were translocated and 17 

individual scaled quail were radiomarked. In 2014 a total of 65 individuals were 

translocated with 39 individuals being radiomarked. 

KAPLAN-MEIER SURVIVAL: 

 

Kaplan-Meier estimate for breeding season survival of translocated scaled quail in 

2013 was (Ŝ = 0.00 ± 0.00; Figure 3.2), where all known fates where determined by day 

34 post release. The breeding season survival estimate for translocated scaled quail in 

2014 was (Ŝ = 0.00 ± 0.00; Figure 3.3), where all known fates where determined by day 

by day 39 post release. 

When compared using an asymptotic log-rank test there was a significant difference in 

breeding season survival of scaled quail between years (χ2 = 6.9, P=0.009; Figure 3.4).  
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MODEL BASED INFERENCE ON SURVIVAL: 

 

There was only one model considered competing (ΔAICc ≤ 2; Table 3.2) that 

described the survival of translocated scaled quail throughout the breeding season. The 

most parsimonious model was the intercept + quadratic time trend (TT), in which 

breeding season survival variation was most explained by a quadratic time trend. The 

beta estimate for the quadratic time trend parameter was -0.0022304 (SE = 

0.0004630725), however the 95% confidence intervals did overlap zero, suggesting its 

effect is insignificant. The estimate for probability of survival through the duration of the 

breeding season for translocated scaled quail based off the most parsimonious model was 

0.00 (SE = 0.00). The daily survival estimate for the constant survival model was 

0.9582310 (SE = 0.0081911). The estimate for survival through the duration of the 

breeding season for translocated scaled quail based off the constant survival model was 

0.0050386 (SE = 0.0053408). 

CAUSE-SPECIFIC MORTALITY: 

 

In 2013 translocated scaled quail experienced 8 confirmed mortalities during the 

breeding season (Table 3.3). Avian predation accounted for 5 of the 8 mortalities 

(62.50%). There was one instance of mammal predation recorded (12.50%). There were 

no accounts of snake predation. There were 2 unknown causes of mortality (25.00%). In 

2013, of the 17 individuals that received a radio transmitter, 9 individual radio 

transmitters were never recovered (56.41%).  



                                                                 Texas Tech University, Sean R. Yancey, August 2019  

94 
 

In 2014 there were 25 known mortalities of translocated scaled quail during the 

breeding season (Table 3.3). Avian predation accounted for 16 of 25 known mortalities 

(64.00%), resulting in a similar proportion as 2013. Mammal predation accounted for 2 of 

25 known mortalities (8.00%), snake predation was not seen, and unknown mortalities 

accounted for 7 of 25 known mortalities (28.00%). In 2014, of the 39 individuals that 

received a radio transmitter, 22 individual radio transmitters were never recovered 

(55.36%). 

Pooled cause specific mortalities for translocated scaled quail in 2013 and 2014 

during the breeding season were avian (64.00%), mammal (8.00%), snake (0%), and 

unknown mortality (28.00%; Table 3.3). There was a total of 56 radio transmitters 

deployed for monitoring. A total 31 radio transmitters were never recovered (55.36%). 

DISCUSSION: 

 

Data gathered from this study regarding survival of translocated scaled quail 

clearly shows an inability of individuals translocated from South Texas to the Rolling 

Plains to survive at a rate that could be considered successful for the purposes of 

translocation in an effort to supplement or repopulate an area from its historic range. 

There have been studies examining breeding season survival of resident scaled quail, 

meaning animals received a radio transmitter but were not removed from their original 

location. Rollins et al. (2009) found that survival ranged from 0.67-0.8 in the Trans-Pecos 

Region of Texas, and 0.22-0.48 in Sierra County, NM. In the High Plains Region of 

Texas, particularly Bailey County, survival was estimated at 0.30-0.43 for resident scaled 
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quail (Pleasant et al. 2006). We expected survival during the breeding season for 

translocated birds to be lower than what was reported for resident scaled quail, however, 

the results in our study were unexpectedly low. The longest duration of survival in our 

case was 39 days post release. This did not allow for any individuals to survive long 

enough to initiate or attempt breeding or nesting in our study.  

Translocation of scaled quail historically has been non-existent or poorly 

documented, especially in regard to survival, until recently. Ruzicka et al. (2017) 

conducted scaled quail translocation to a site approximately 60 km from our release site. 

While, they experienced survival estimates that were lower than what has been 

previously reported for resident scaled quail, they did have individuals from differing 

release treatments survive and produce successful nests. Other than evaluating release 

techniques, one key difference was the source locations of scaled quail used for their 

study. Their efforts targeted populations from the High Plains (Bailey County) and the 

Edward’s Plateau (Sterling County). This suggests minimizing straight line distance 

between source and release site, as well as trying to maintain a general degree of latitude 

likely plays an important role in the success of translocating scaled quail. There were 

likely more severe differences in habitat between source and release location experienced 

in our study, than what was experienced by Ruzicka et al. (2017), possibly contributing to 

the inability of behavioral adjustment and differences in survival. 

Definition of success for this translocation protocol was mostly predicated on 

survival, and in this case through the breeding season, therefore, we evaluated different 
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parameters and their influences on the survival scaled quail. The parameters of age, sex, 

and weight showed no explanatory power of survival in our analysis. 

Most avian translocation protocols aim to minimize the amount of time captured 

individuals are held before translocation to reduce stress to the animals. In the case of 

Northern bobwhites, most studies release same day or held overnight (Terhune et al. 

2006a, Terhune et al. 2006b, Terhune et al. 2010, Sisson et al. 2012, Downey et al. 2017) 

as it is defined as a critical step to minimize handling stress and increase chances of a 

successful translocation effort (Martin et al. 2017). This has been identified as critical for 

translocation of other upland species as well (Reese and Connelly 1997). Logistically, 

due to the extreme distance between sites, individuals were held in containment prior to 

release. We were concerned about possible effects of prolonged containment on survival, 

therefore, days in holding (DIH) were monitored for each marked individual and used as 

a parameter to explain variability in survival of translocated individuals. The parameter 

of days in holding did not show any explanatory power in the models created in all cases 

due to the confidence interval of the parameter overlapped 0. We expected this parameter 

to have a negative beta coefficient within models, in that increased days in holding would 

result in a larger negative effect in survival.  

Capture and handling has shown to physiologically cause acute degeneration of 

muscles of avian species, and while death can be acute, myopathy effects can contribute 

to death weeks after capture (Hulland 1993). Differential capture and handling methods 

has also shown to cause varying degrees of myopathy, measured by variability of release 

concentrations of the enzymes creatine kinase and aspartate aminotransferase (Dabbert 
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and Powell 1993). The holding Northern bobwhites has shown to increase creatine kinase 

which is a clinical sign of myopathy (Mueller 1999). Due to the nature of the capture and 

transportation entailed in a translocation protocol, treatment of capture myopathy was 

addressed for translocated scaled quail in our study. Treatment of capture myopathy in 

avian species with Vitamin E and Selenium has shown to be effective (Abbott et al. 2005, 

Businga et al. 2007). The increased survival of Northern bobwhites treated with Vitamin 

E and Selenium shown by Abbott et al. (2005), led us to expect that injection type would 

be an influential parameter in our modeling process for scaled quail. We did not find this 

to be the case. Injection type (saline or BOSE), did not show up in a competing model for 

translocated scaled quail. The intramuscular injection of Vitamin E and Selenium would 

be expected to reduce myopathy effects from the translocation procedure and potentially 

influence survival in a positive manner. Our model set did not indicate injection of 

Vitamin E and Selenium had this effect, indicating this application was ineffective for the 

stress placed on translocated individuals in our study or inability to acclimate to habitat 

differences or a combination thereof. 

Avian predation overwhelmingly accounted for the majority of known mortalities 

of translocated scaled quail in our study. Avian predation was 8 times higher than 

mammal predation. Rollins et al. (2009) found mammals to be the primary source for 

known mortalities for resident scaled quail on two sites within Texas, and raptors to be 

the leading cause of mortality for one site in New Mexico. It is likely that behavioral 

differences accounted for high avian mortality for translocated individuals in our study. 

Habitat differences between source and release location, combined with erratic, long 
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distance movements likely contributed to this cause. Vegetative characteristics of the 

source side consisted of a heavy brush component that resulted in a dense canopy 

providing ample overhead cover, where overhead cover was sparser at the release site. 

Lack of behavioral adaptation to vegetative differences likely increased exposure to 

raptors. Also, avian predators have been increasing across the Rolling Plains of Texas in 

recent decades (Sauer et al. 2011). Increase in raptor populations throughout the region 

could potentially account for a higher proportion of raptor mortalities seen in our study.  

It is important to note that 55.36% of individuals that received radio-transmitters 

were never recovered. While some of these instances were potentially due to collar 

failure or predation with collar movement off the release site facilitated by predators, it is 

unlikely they accounted for such a high proportion. This suggests large rapid movements 

post release. Large movements of scaled quail have been documented before, however, 

they were infrequent (Campbell and Harris 1965). With such a large proportion moving 

large distances off site immediately after release, suggests behavioral issues due to 

translocation such as stress or disorientation. 

MANAGEMENT IMPLICATIONS: 

 

Based on the results observed in our study, scaled quail translocated from South 

Texas to the Rolling Plains of Texas did not survive at a rate where this method could be 

considered a viable technique to supplement or re-establish scaled quail populations in 

the Rolling Plains. Attempts to translocate scaled quail should focus on reducing the 

distance between source and release site, preferably within the same ecological region. 
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This would potentially reduce the need for behavioral adaptation to unfamiliar habitat, as 

well as reduce the need to hold scaled quail allowing for immediate translocation upon 

capture reducing the potential for myopathy to influence survival. If regional populations 

are unavailable for translocation, future translocation efforts involving moving scaled 

quail between ecoregions should focus to increase survival immediately post-release as 

well as reduce probability of large rapid movements. Future translocations of scaled quail 

across ecological regions may possibly benefit from soft release techniques, application 

of supplemental feed to release sites, and potential predator control. Release of scaled 

quail to supplement populations may provide higher site fidelity and higher survival due 

to con-specific attraction and warrants further exploration.  
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Figure 3.1. Study area graphic depicting source site and release site counties and 

associated ecological regions within Texas, USA. 
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Table 3.1. Description and notation of 8 derived parameters and the mechanism of their 

potential influence on the survival of translocated scaled quail in Collingsworth County, 

Texas, USA in 2013 and 2014. 

Parameter Description Notation Mechanism 

Age Adult or subadult grouping age Age can account for variation 

in survival based on the 
ideal that adults have 

more experience 

(Roseberry and Klimstra 
1984). 

 

Sex Male or female grouping sex Variation in survival of 
bobwhites is often shown 

by sex groupings 

(Roseberry and Klimstra 
1984). 

 

Weight Body weight of individuals 
measured in grams 

weight It is assumed that body weight 
is indicator of body 

condition and increased 

body weight would aid in 
survival. 

 

Days in Holding Number of days individuals 
were held from time of 

capture to release. 

dih It is assumed that increased 
days in holding would 

increase stress to 
individuals and influence 

survival. 

 
Release Site Release site for marked 

individuals 

site It is assumed that habitat 

characteristics are not 

identical at individual 
release sites and could 

influence survival. 

 
Injection Injection of saline (control) or 

BOSE-Vitamin E and 

Selenium (treatment) 

inj Treatment of myopathy effects 

from capture and 

handling with BOSE 
injections have shown to 

increase survival after 

translocation of 
bobwhites (Abbott et al. 

2005). 

 
Linear Time Trend Linear Time Trend T Parameter used to assess if 

variation in bobwhite 

survival exhibits a linear 
trend through time. 

 

Quadratic Time Trend Quadratic Time Trend TT Parameter used to assess if 
variation in bobwhite 

survival exhibits a 

quadratic trend through 
time. 
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Figure 3.2. Kaplan-Meier derived survival curve for translocated scaled quail in 

Collingsworth county, Texas USA in 2013. 
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Figure 3.3. Kaplan-Meier derived survival curve for translocated scaled quail in 

Collingsworth county, Texas USA in 2014. 
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Figure 3.4. Comparison of Kaplan-Meier derived survival curves for years 2013 and 2014 

of translocated scale quail from Webb and Zapata counties to Collingsworth county, 

Texas USA in 2013. 
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Table 3.2. Survival model results for radio-marked translocated scaled quail during the 

breeding season in Collingsworth county, Texas USA (April-August) 2013-2014. 

Model AICc Delta AICc 
AICc 

Weights 

Model 

Likelihood 
K Deviance 

S(TT) 165.07 0 0.31 1 2 161.05 

S(TT + year) 166.26 1.18 0.17 0.55 3 160.22 

S(T) 166.34 1.26 0.16 0.53 2 162.32 

S(T + year) 166.96 1.88 0.12 0.38 3 160.92 

S(TT + bose) 167.08 2.00 0.11 0.36 3 161.03 

S(T + bose) 168.36 3.28 0.06 0.19 3 162.32 

S(TT + bose 

+ weight 
169.01 3.93 0.04 0.13 4 160.94 

S(.) 185.25 20.17 0.00 0 1 183.24 

S(bose) 187.23 22.15 0 0 2 183.21 

S(dih) 187.26 22.19 0 0 2 183.24 

S(age + 

weight) 
188.84 23.76 0 0 3 182.79 

S(sex + 

weight) 
189.01 23.93 0 0 3 182.97 

S(dih + bose) 189.25 24.17 0 0 3 183.21 
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Table 3.3. Cause specific mortality proportions of translocated scaled quail with known 

fates and censored proportion of marked translocated scaled quail in Collingsworth 

county, Texas USA during the breeding season (April-Aug) 2013-2014. 

Year Avian Mammal Snake Unknown Censored 

2013 0.625 0.125 0 0.25 0.529412 

2014 0.647059 0.058824 0 0.294118 0.564103 

Pooled 0.64 0.08 0 0.28 0.553571 
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CHAPTER IV 

EFFICACY OF LOCALIZING THE ORIGIN OF NORTHERN 

BOBWHITE COVEY CALLS USING ARRAY BASED 

BIOACOUSTIC METHODS 

INTRODUCTION: 

 

Bioacoustics is a field of research that is focused on monitoring the natural 

acoustic environment. This form of research and analysis gained ground and was 

developed in aquatic environments while scientists were trying to survey and analyze 

vocalizations of marine mammals (Croll et al. 2002, Au and Hastings 2008). To date, this 

field of research has extended into a variety of fauna including birds, bats, frogs, and 

other mammals (Baptista and Gaunt 1997). The process of collecting data in a passive 

non-intrusive manner makes it an attractive option for a variety of reasons. This situation 

is especially beneficial where the species of interest is of critical conservation concern 

and noting presence and habitat use is vital, but human intrusion could negatively impact 

detection rates (Hill et al. 2006, Charif and Pitzrick 2008, Swiston and Mennill 2009). 

With the inherent benefits of monitoring passively with bioacoustics and a broad 

spectrum of possible applications, there are numerous opportunities for expansion into 

other areas. 

The tendency of avian species to vocalize makes acoustic analyzation an 

attractive option to study behavior and habitat use (Blumstein et al. 2011). Automated 

recordings drastically reduce effort needed to collect data where a human would normally 
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need to be present (Mennill et al. 2012). An inherent benefit to passive monitoring is 

reducing stress to the subject to be monitored, as well as reducing the chance that 

behavior will be affected during monitoring (Mennill et al. 2012). When comparing 

traditional methods, such as point counts to sound recordings it was found that sound 

recordings are a viable alternative (Haselmayer and Quinn 2000). Bioacoustics exceled in 

situations where species richness was the component of interest, while traditional point 

count methods were preferred when trying to detect rare species. One advantage to 

automated recording units that may be overlooked is the ease in which repeated surveys 

can be conducted, specifically the same location without having to have an observer 

present (Shonfield and Bayne 2017). 

This field of research is divided into two main types of analysis. The first and 

probably most common is using acoustic recordings to detect the presence or absence of 

species or individuals from a location within the environment. Creating a graphical 

representation (spectrogram) of a recording allows the opportunity for manual or 

automated process of detecting vocalizations of interest (Wolf 2009). Spectrograms allow 

for analysis of sounds by representing sounds in the three dimensions of time, frequency, 

and amplitude (Wolf 2009). Spectrograms can be processed through multiple types of 

filters and classifiers to exaggerate sounds of interest and allow for more predictable 

classification. The development of automated signal detection software has been a recent 

advancement in being able to perform a detection analysis on large amounts of data 

(Charif and Pitzrick 2008, Gelling 2010).  Localization of sounds is the second major 

form of analysis performed in bioacoustics. This focus uses multiple recording devices 
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that are perfectly time synchronized to locate a calling individual (Wolf 2009, Blumstein 

et al. 2011). Through comparing spectrograms or waveforms from multiple recording 

devices placed in key locations, estimations can be derived to show the location of 

origination of sounds (Blumstein et al. 2011). Much of the focus of avian bioacoustic 

localization research has been focused on standardizing methods as well as testing 

viability of these method in specific situations. 

Being a relatively new field, there are significant gains to be made in avian 

bioacoustics research in the form of testing and application of localizing avian calls. 

Currently, most research has been conducted in a controlled setting with few studies 

involving location accuracy of wild individuals (McGregor et al. 1997, Bower and Clark 

2005, Collier et al. 2010). To our knowledge, there are currently no studies that apply the 

localization technique to Northern bobwhite, in particular the “koi-lee” covey call.  

Northern bobwhites are an incredibly important resource throughout the state of 

Texas, that provide recreational activities for sportsmen. Throughout the Rolling Plains 

of Texas many communities and landowners rely, in part, on the direct and indirect 

economic revenue that can be generated by quail hunting making bobwhites a valuable 

commodity (Burger et al. 1999, Johnson et al. 2012). There has been a long-term decline 

of Northern bobwhites, specifically from 2000-2010, where Northern bobwhites have 

declined at a rate of 3.5% per year (Sauer et al. 2011). Due to the large amount of interest 

and concern, monitoring populations throughout their range has become an important 

management tool. Monitoring Northern bobwhites to get estimates of abundance through 

covey calls is not a new practice (DeMaso et al. 1992, Wellendorf and Palmer 2005), but 
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it is not without some liabilities in its current form. Current methods involve a human 

conducted point count during the early morning in autumn. This method works but 

becomes complicated with adding multiple observers, therefore, observer detection rates 

must be determined and implemented for accurate estimates (Hamrick 2002).  By 

implementing the method of bioacoustics location to autumn covey calls it could help 

reduce observer bias. Accurately locating calling coveys in this manner could not only 

reduce observer bias, but also drastically reduce man hours needed to conduct autumn 

covey counts on a large scale. In addition to possibly reducing observer bias, accurately 

locating coveys will allow for exploration of covey spacing across the landscape as well 

as possibly applying distance sampling methods to estimate Northern bobwhite density 

and abundance.  

BOBWHITE VOCALIZATIONS: 

 

Northern bobwhites have evolutionarily developed a social behavior strategy that 

helps support population maintenance, thus, development of vocalizations to 

communicate various interactions, whether they are conspecific or heterospecific in 

nature were necessary (Stokes 1967). Many of the vocalizations or calls of bobwhites 

were documented by Stoddard (1931), during the first comprehensive life history study of 

Northern bobwhites. The majority of avian species have some form of vocalization to 

communicate, but few species have the repertoire of the Northern bobwhite, which has 

been shown to possess 24 separate vocalizations (Stokes 1967). Even with a diverse array 

of calls, the Northern bobwhite shares the necessary needs for vocalization with many 
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other species of new world quails (Odontophoridae). Communication is vital for 

maintenance and persistence of populations of social species such as quail. 

Communication between adults and young are necessary for proper brood rearing, as well 

as calls that facilitate the regrouping of individuals, whether it is mating pairs, family 

groups, or coveys (Johnsgard 1974). Vocalizations that are also important are mating 

vocalizations to signal the announcement of an unmated male or reinforce pair bonds, as 

well as warning signals that are defense against predators to reduce individual mortality 

(Johnsgard 1974).  

The most identifiable call produced by Northern bobwhites is the “bob-white” call 

exhibited by unmated males during the breeding season, for which the species attained its 

common name (Stoddard 1931). The next most recognizable and probably most often 

used call is the “koi-lee” or “hoy-poo” call. Collias (1960) created classifications for 

animal vocalizations by functional purpose and the “koi-lee” call exhibited by Northern 

bobwhites was aggregated to the group movement classification by Stokes (1967). Stokes 

(1967) termed this call as the separation or scatter call as it could be provoked by 

separating covey members, and it was noted to come in 3 distinct variations produced by 

both males and females; “hoy”, “hoy-poo”, and “koi-lee”. Currently, these variations of 

calls are termed as a “covey call” and were early recognized as a possible way to monitor 

quail abundance (Stoddard 1931). The louder more musical “koi-lee” variant is 

performed consistently during the autumn approximately 25 minutes before sunrise, with 

this behavior peaking in October (Wellendorf et al. 2004). Interestingly, this calling 

behavior is still only theorized to its exact purpose. As previously noted, this call can 
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serve as a method to gather covey members, however, when performed just before dawn 

the covey members should be in close to proximity to each other suggesting another 

purpose. These dawn covey calls are performed loudly for 20-30 minutes by multiple 

coveys (if present), and assumptions would be that this behavior could potentially 

increase predation risks, so the behavior must warrant this risk. It is common thought that 

this morning covey calling behavior is to announce a covey’s presence to other coveys so 

that optimal spacing can be achieved to reduce competition for resources such as cover 

and food. It is not uncommon for Galliformes to have multiple purposes for one type of 

call when it has multiple variations (Stokes 1961, Williams 1969). 

Utilization of the Northern bobwhites vocalization behaviors, particularly the 

breeding season male whistle (“bob-white”) and the autumn covey calls (“koi-lee”), have 

provided agencies, managers, and researchers with reliable abundance estimates to 

monitor quail populations and trends (Bennitt 1951, Reeves 1954, Rosene 1957, 

Roseberry 1982, Guthery 1986, DeMaso et al. 1992, Conroy and Carroll 2001, Hamrick 

2002, Wellendorf et al. 2004, Wellendorf and Palmer 2005, Terhune et al. 2009, Sisson 

and Terhune 2017). Generally, purposes of these monitoring efforts are in attempt to 

relate to fall abundance, as Northern bobwhites are a game species, and constituents 

would like predictions going into the fall hunting season or evaluate influence of 

environmental variables and manipulations on abundance. From these abundance indices, 

management and conservation issues can be addressed by interested agencies or 

managers (Sands and Pope 2010). This brings into question whether spring call counts 

can provide a reliable estimate of fall abundance, as spring whistling counts of males may 
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not translate to accurately to recruitment going into the fall population. Being relatively 

easy to conduct, as well as often needing population information is needed prior to 

conducting autumn covey counts, male whistle counts have been found to translate to fall 

abundance (Terhune et al. 2009, Sisson and Terhune 2017). Despite being more time 

intensive to conduct, autumn covey calls provide accurate and reliable abundance 

estimates of fall populations simply by reducing the temporal time frame. Fall covey 

counts do need to be corrected as not all coveys call on a given morning and these calling 

rates are influenced by environmental variables (Seiler et al. 2002, Wellendorf et al. 

2004, Rusk et al. 2009). Abundance indices are useful for many purposes such as 

monitoring population trends or evaluating management practices and their effects on 

Northern bobwhites, however, even more detailed information could be desired. This 

leads to reliable ways to estimate density (units/area) of Northern bobwhites. 

Cryptic in nature, Northern bobwhites provide difficulties in determining 

estimates of density. The first attempt at obtaining Northern bobwhite density estimates 

relied on using a line transect method that analyzes flushes and develops a detection 

probability to gain estimates of density (Guthery 1988). This method in effect has been 

conceptualized into a user-friendly graphical user interface Program Distance to estimate 

population density based off transects or point counts and developing detection 

probabilities to account for individuals not witnessed but are present (Buckland et al. 

2001, Thomas et al. 2010). This method of density estimation comes with strong 

assumptions. DeMaso et al. (1992) coupled the line transect method with morning covey 

calls to evaluate the validity of covey calls as an index of bobwhite density. Interestingly, 
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morning covey calls proved to be a weak correlate of bobwhite density likely to lack of 

relationship between calling and density, as well as failure of underlying assumptions. 

Smith et al. (2009) used point count data to determine appropriate sample size to use 

distance sampling methods and deemed reasonable precision, but with large sampling 

effort and the large assumption that observers accurately identified separate coveys and 

their location. Another novel approach to estimating Northern bobwhite densities was 

conducted by Palmer et al. (2002) using a Peterson estimate by leg marking 40-60% of 

individuals in a strict area, then using a recapture event in the form of hunting to generate 

a population estimate for a assumed closed population. The purpose of this investigation 

was to relate density to hunting success, and while there was a strong correlation between 

the two parameters, this method does not come without limitations, such as the 

assumption of a closed population as well as not being able to generate density 

information prior to the fall hunting season. This leads us to explore the possibility of the 

application of acoustic localization of Northern bobwhite coveys and couple that with the 

robust density estimating technique of distance sampling. Advantages to this technique 

would be the ability to sample single locations multiple times with reduced man hours 

and eliminating observer bias in comparison to how Northern bobwhite covey call outs 

are currently conducted.  

RESEARCH OBJECTIVES: 

 

With research in array based acoustic location of avian species in terrestrial 

setting being in its beginning stages, there are significant questions that need to be 
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explored of unique applications and circumstances. Our focus will be to test a 4-unit 

array in a natural setting, by recording marked wild Northern bobwhites, during autumn 

covey calling. Literature is lacking in bioacoustics research with natural based avian 

studies and the capabilities of these systems to accurately locate vocalizing individuals in 

this manner. Similarly, there are also gaps in the literature about how Northern bobwhite 

coveys space themselves out across the landscape and this method of acoustic location 

could potentially shed light on this unknown area of Northern bobwhite ecology. If 

coveys are successfully being located with this technology, there is potential to apply 

distance sampling techniques for detectability and abundance of Northern bobwhite 

coveys. Therefore, investigating the efficacy of this technique would be in hopes to 

address the following questions: 

1. What is the efficacy of a 4-unit array acoustic location system to accurately 

locate Northern bobwhites performing morning covey calls in autumn in the 

Rolling Plains of Texas? 

2. How do Northern bobwhites space coveys out across the landscape? 

3. Do covey calling rates of Northern bobwhites in the Rolling Plains of Texas 

differ from what has been found in other regions and how do environmental 

factors influence calling? 

4. Can distance sampling techniques be applied to coveys or individuals located 

through bioacoustic localization? 
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STUDY AREA: 

 

Controlled testing to assess the feasibility of methods was conducted at the Quail-

Tech Alliance Research facility contained with the Department of Natural Resources 

Native Rangeland facility in Lubbock, Texas (33°36'14.78"N, 101°53'50.44"W). The 

rangeland area is approximately 65 hectares with an elevation of 992-meters. The 

common vegetative community is relative to mid and shortgrass prairies.  

The application of field testing was conducted on a private ranch in Dickens 

County, Texas (33°25’39.03”N, 100°53’02.47”W), in conjunction with ongoing research 

and testing of GPS collar technology. Elevation of this property is approximately 707-

meters. The common vegetative community would be considered a mixed-grass prairie 

indicative of the Rolling Plains of Texas. Flora throughout the Rolling Plains varies with 

differing soil types with upland sites consisting of species such as big sandreed 

(Calamovilfa gigantea), eastern gamagrass (Tripsacum datyloides), indiangrass 

(Sorghastrum nutans), little bluestem (Schizachyrium scoparium), sand bluestem 

(Andropogon hallii), sand lovegrass (Eragrostis trichodes), sideoats grama (Bouteloua 

curtipendula), and switchgrass (Panicum virgatum).  Dominant woody species include 

Chickasaw plum (Prunus angustifolia), Harvard shinoak (Quercus harvardii), sand 

sagebrush (Artemisia filifolia), sumac (Rhus spp.), yucca (Yucca glauca), redberry juniper 

(Juniperus pinchotii), and honey mesquite (Prosopis glandulosa), (McMahon et al. 

1984). 
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METHODS: 

 

EQUIPMENT: 

 

 The acoustic location system consisted of a 4-unit array of recording units 

produced by Wildlife Acoustics, Inc. The model used was the SM3 which is capable of 

recording 260 hours of 16-bit .wav files. Wildlife Acoustics previous model, the SM2+, 

has been used in previous localization research with location accuracy results under 2 

meters (Collier et al. 2010, Mennill et al. 2012, Wilson et al. 2013). Each unit can record 

on two separate channels. Recording times are customizable to allowing for easily 

manipulation of recording schedules. One crucial option available with this model is the 

ability to deploy it with an attached GPS option. This GPS option allows for exact time 

synchronization of all the devices in an array which is essential for localization of sounds. 

Available for this study are 28 recording units allowing for 7 arrays to be deployed at any 

given time. There are several mounting options available, however without having to rely 

on trees or other permanent structures, these units were fixed to 6.35 cm PVC pipe that 

can be slid over a T-post (Figure 3.1). This allowed for flexibility in mounting our units 

in appropriate arrays without being constrained by permanent mounting structures.  

 

SOFTWARE: 

 

Manipulation of sound files was done with the software Raven Pro 1.4 available 

through The Cornell Lab of Ornithology (www.birds.cornell.edu). This software allows 

http://www.birds.cornell.edu/
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for band filtering of sounds to isolate desired frequencies, select and annotate calls of 

interest, as well as batch cross correlate sounds to produce the lags values associated with 

localization process. SoundFinder was used to locate calls with given lag values produced 

in Raven Pro. SoundFinder was developed by Dr. John Wilson in the Mennill Lab at the 

University of Windsor, Canada (Wilson et al. 2013). SoundFinder is available free in a 

Microsoft Excel version as well as in program R. Using the Excel version, you are able to 

input lag values to obtain a 2-dimensional location and associated error value for located 

signals. Raven Pro batch correlation can produce extremely large correlation tables that 

are difficult to obtain relevant lag values when there are a large number of samples per 

recording. Using a Python coded program written by Dr. Todd Evans (UT Austin) and 

Dr. Sarah Fritts (Texas Tech University), a .txt file of all correlation lags can be input and 

only relevant lags of interest are output into a separate text file formatted for 

Soundfinder.  

FIELD SETUP: 

 

Setup of the array systems was determined by marked individuals. The arrays 

were positioned with the trapping location of the individual as the center point of the 

array. If the individual has previously been monitored and frequented an area away from 

the trapping location, the array can be set up accordingly. The primary array arrangement 

for field collection will be a 4-unit array set in 50 x 50 m squares as in Mennill et al. 

(2012). We did also collect recordings set in a 70 x 70 meter sharing the same centroid 

for comparison of time distances. The coordinates for each unit in the array were pre-
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determined based off the trapping location of an individual or centralizing the array in its 

frequented area. Once a location had been selected, the UTM coordinate of the trapping 

site or centrally located point in its frequented area will serve as the center point of the 

array. From this point unit A (Northwest unit) was located 25 m north of the center point 

and 25 m west of the center point. The following three units were located 25 x 25 m in 

their respective directions. Units were labeled A, B, C, and D and positioned clockwise 

around the central point with unit A being the northwestern point, unit B will be 

northeast, unit C will be southeast, and unit D will be southwest. This will result in a 50 x 

50 m square around the central selected point.  Once units are deployed GPS locations of 

each unit will be taken with survey level equipment (Trimble®) to give corrected 

locations. 

DATA COLLECTION: 

 

To assess the feasibility of localizing Northern bobwhite covey calls, a controlled 

experiment was conducted. The 4-unit array was placed in a 50x50 m array with covey 

calls generated at a fixed and known location using a trumpet horn style speaker falling 

within the same level of frequency and amplitude as live individual calls (Figure 3.2 and 

Figure 3.3). Calls from a flight pen holding bobwhites were also recorded for comparison 

to generated calls as well as localization. Two speakers were used simultaneously during 

recordings. One speaker was located within the confines of the array and the other 

outside the array. 
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Starting in autumn 2016, Northern bobwhites were captured using walk in funnel 

traps (Stoddard 1931), or other capture techniques, to be marked and outfitted with a GPS 

transmitter. The GPS transmitters are manufactured by Ecotone Telemetry in Poland. 

Each unit is a PICA 5g, solar powered GPS unit with remote digital data download. 

Attached to each GPS transmitter will be a 2g VHF transmitter (Wildlife Enterprises, 

Tallahassee FL, USA) for subsequent relocation. The PICA units are programmable and 

can collect up to 3 positions at a single time for accurate locations if needed, but will 

severely influence battery life. Position fixes can be set from continuous to every 240 

minutes. Battery power is continuous depending on environmental conditions and 

position fix settings. The positions are remote downloaded from the unit at distances from 

80 – 150 m away, allowing for no disturbance to the marked individual.  

 By placing array systems around individuals marked with a GPS transmitter with 

position fixes occurring simultaneously within active recordings we were hopeful we 

would be able to relate the individual’s location and relate that position to covey calls 

located from bioacoustics localization. It was assumed that the individual is a member of 

a covey as that is normal behavior for the time frame. We hoped to place all seven arrays 

around individuals marked with GPS transmitters. When this was not viable, individuals 

marked with a 6-gram transmitter (Wildlife Enterprises, Tallahassee FL, USA) had arrays 

placed in proximity and individuals will have to be physically located after the morning 

covey call sequence has ended. Environmental variables associated with each array at 

time of recording were logged. Variables included consist of cloud cover, temperature, 

barometric pressure, wind speed, and dew point. 
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 Units were automatically synced with date and time when the optional GPS unit 

was installed and allowed to sync with satellites. This syncs all 4 units in the array within 

a millisecond. This feature is imperative for accurate lags differences needed for 

localization. This also allows for units to be programmed to only record when necessary. 

Each array was set to turn on and record 45 minutes prior to sunrise and record for 1 hour 

in length. This time frame of recording was intentional to capture the morning covey call 

chorus which occurs generally 20-30 minutes prior to sunrise (Guthery 1986, Wellendorf 

et al. 2004). 

DATA ANALYSIS: 

 

With each unit set to record with one channel, data collection resulted in 4 

separate 16 bit .wav sound files for each recording event. Each recording event was one 

hour long and exactly timed from start to finish due to the GPS option available for each 

unit. The 4 separate .wav files are uploaded into Raven Pro software for further 

analyzation. Individual visible calls are selected in one .wav file and annotated for the full 

hour recording. Calls are considered visible if the entirety of the call can be seen at 25% 

brightness and 60% contrast within the associated spectrogram (O'neal 2014). These 

annotated calls were saved as a selection table within Raven Pro and applied to the other 

three .wav files. Each selection is then compared within each respective file to see if a 

visible call falls within each selection. Once all visible calls are properly annotated each 

separate selection for all 4 .wav files is saved in one singular folder in preparation for 

batch cross correlation.  
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 Pair-wise cross correlation was performed on calls that passed prior screening and 

were placed in the appropriate folder. Using the batch correlation function provided by 

Raven Software, all sound files placed in that folder were cross correlated with each other 

using a ‘Hamming’ window with 87.5 overlap value and sampling speed of 512 (Wilson 

et al. 2013). A band pass filter was applied to exclude “noise” that falls outside the 

frequency of the bobwhite covey call. This filter included frequencies contained within 

(0.9– 4.0 kHz). The cross-correlation process moves one call selection across the other on 

the horizontally time axis aligning call signatures found in both call files (Wilson et al. 

2013). The result is the time difference in sound arrival to each respective microphone in 

the array which is termed the lag value.  Raven Pro correlates all sounds in the file folder 

against each other. This produces lag values that are of no interest in a relatively large 

table. For instance, call 1 found in microphone ‘A’ will be correlated with call 20 found 

in microphone ‘B’. We are only interested in the correlations for one single call cross 

correlated against microphones A, B, C, and D. For instance, lag values of interest would 

be for call 1 found on microphone ‘A’, and cross correlated with call 1 found on 

microphone ‘B’, and call 1 found on microphone ‘C’, and call 1 found on microphone 

‘D’. It is vital to localization to find which microphone received the call stimulus first. 

With a large table of lag values produced by Raven Pro, this process would be extremely 

tedious and time consuming. Python code written by Dr. Todd Evans and Dr. Sarah Fritts 

accepted this lag value table as a .txt file and output the microphone the call stimulus 

reached first, indicated with a 0 value, and all the associated lag values to the other 

microphones in the array. One final screening of lag values is needed before input into 
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Soundfinder software. The latency value is the highest possible lag value that could 

potentially exist between to microphones in the array. In the case of a 50x50 m array, the 

diagonal distance across the array is 70.71 m. This is calculated by dividing the distance 

between the 2 farthest microphones in an array and dividing by the speed of sound in dry 

air at 0 degrees Celsius (331.5 m). The resulting latency value is 0.2133. Any lag values 

that occur in our analysis that are larger than that value cannot physically be possible, and 

that value would exclude that call from being in the final localization analysis.  

 There are multiple methods for localization. Most incorporate the time difference 

of arrival (TDOA) equation. Soundfinder has streamlined this process (Wilson et al. 

2013). By inputting lag values associated with each call and temperature, Soundfinder 

produces 2D or 3D locations and associated errors for each location. We used the 2D 

location as we were only concerned with the X,Y location to compare with marked 

individuals.  

 To determine accuracy of locating calls with RavenPro and Soundfinder, 

estimated UTM locations for generated bobwhite covey calls were compared to the fixed 

known locations of the speakers by calculating straight line distance. This was done for 

calls generated outside as well as inside the array. A total of 30 calls were localized 

during controlled testing (15 outside of array and 15 inside). A two-sample t-test 

assuming unequal variances will be used to assess if there are differences in accuracy 

between localizing calls within or outside the array. 
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 Attempts to localize covey calls generated by wild bobwhites in a field setting and 

overlay these estimates with GPS marked bobwhites was largely unsuccessful and 

resulted in localizations that could not be batched processed. Ability to batch cross 

correlate covey calls resulted in wildly inaccurate time lags due to the inability to 

properly correlate individual calls (Figure). Due to inaccurate correlations and 

compromised latency values, this rendered field collected data mostly useless for batch 

processing. Manual correlation by visual inspection would be possible but is very 

inefficient and potentially inaccurate. Manual annotation of visible and identifiable calls 

was conducted for 20 randomly selected 1-hour recordings to gather descriptive 

information on the volume of calls produced. Calls were identified visibly from the 

spectrogram and cross checked manually through auditory confirmation. In cases of 

overlapping calls, auditory recognition was used to separate calls.  

RESULTS: 

 

 In the controlled scenario of simulating bobwhite covey calls, localization efforts 

to obtain the origination of speaker generated calls produced an average error distance of 

3.55m (N=15; 95% C.I.: 2.40-4.70m) for calls generated outside of the array and an 

average error distance of 2.49 (N=15; 95% C.I.: 1.69-3.29m) for calls generated within 

the array. During the controlled pilot test there was no statistical difference detected 

between calls generated inside and outside of the array (t-Stat = -1.63151; P(T≤t) two-tail 

= 0.115317; α=0.05). 
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 The mean number of visible calls identified from the spectrogram of 20 random 

1-hour recordings was 532.1 (S.D. = 90.71465).  

DISCUSSION: 

 

 The pilot test of the implementation of acoustic localization on bobwhite covey 

calls where covey calls were generated provided what we consider very accurate 

estimates of location when compared to the known fixed point. Our average distance of 

2.49 m and 3.55 m were slightly lower than results that were witnessed by Wilson et al. 

(2013) where an accuracy average of 4.3 m was achieved by localizing 5 different types 

of animal sounds broadcasted from a loud speaker using the same techniques used in our 

study. Although not differentiated statistically, we experienced slightly better accuracy of 

localizing generated bobwhite covey calls from within the array (2.49 m) than outside 

(3.55 m). Using similar equipment but a different localizing software, Mennill et al. 

(2012) recorded a multitude of different generated animal vocalizations in different 

habitat types and also found more reliable results from noises created from within the 

array. These results lead to optimism about a field application; however, many challenges 

arose from these recordings. 

 We were unable to localize calling coveys and correlate these coveys with GPS 

marked bobwhites. Many of the challenges experienced from trying to implement this 

technique is with calling behavior making it unfeasible to properly correlate calls in 

Raven Pro to generate proper time lags between microphones. Even though the 

recordings are one hour in duration to ensure capturing the morning covey call event, 
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most calls occurred within an approximate 20-minute time window. During this morning 

calling event multiple birds from a covey will initiate calling at the same time and 

multiple coveys will call simultaneously (Stokes 1967). This created a high volume of 

calls overlapping each other and Raven Pro could not differentiate overlapped calls, 

therefore, they could not be correlated (Figure 3.4). For proper correlations of calling 

bobwhites, calls had to be clear and concise free of interference from other calling 

individuals (Figure 3.5). Many of the calls received on one microphone were considered 

weak and subsequently did not show up on the spectrogram of other microphones (Figure 

3.6). There were other instances of calls being improperly correlated generating incorrect 

lag values, and in some cases latency values were exceeded demarcating obvious errors 

with the correlation (Figure 3.7). With an average of 532 calls being visibly identifiable 

per recording, this creates a scenario where 1,596 individual correlations would need to 

be inspected for correct correlation and manually adjusted if improperly correlated. We 

were unable to meet research objectives based on the implementation of this method and 

needs further development going forward.  

 Going forward with the localization of bobwhite covey calls is going to require 

alternative methods of correlations and developing appropriate time lags. Singular calls 

not inhibited by overlapping calls or being very clear and definitive on the spectrogram 

can likely be localized with some relative accuracy, but these calls are very few of what 

is obtained in one recording. Future advancement of localization techniques may be 

progressed with image recognition technology. By converting the spectrogram to an 

image while keeping the horizontal component of time may be more accurate at 
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identifying calls that overlap as well as identifying appropriate and correct time lags. 

General image templates of calls can be processed throughout the hour long recording to 

identify calls on the spectrogram for each recording and develop time lags accordingly.  

MANAGEMENT IMPLICATIONS: 

 

In its current state, acoustic localization of Northern bobwhite covey calls with 

the purposes of identifying coveys is inefficient and inaccurate in most field situations. 

This technique is better served for species of lower densities or of different calling 

behaviors. Application of this technique could likely be beneficial in situations of male 

reproductive calling, where less individuals are calling, and calling is not as rapid such as 

the case with spring whistle counts of bobwhites. This application would also likely have 

more accurate correlations of species that exhibit more intricate and well-developed song 

patterns, thus resulting in correct time lags. 
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Figure 4.1. Field setup of microphone array.  
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Figure 4.2. Speakers used to generate bobwhite covey calls to test localization in a 

controlled setting. 
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Figure 4.3. Spectrogram of bobwhite covey calls generated from automated speakers. 
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Figure 4.4. Spectrogram of wild bobwhites covey call recording showing multiple 

individuals calling simultaneously. 
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Figure 4.5. Example of properly correlated spectrogram recording of bobwhite covey 

call. 
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Figure 4.6. Example of weak covey calls that could not be properly correlated. 
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Figure 4.7. Example of incorrect spectrogram correlation of bobwhite covey call in 

RavenPro. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


