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The northern bobwhite (Colinus virginianus) population decline is a severe, 

rangewide phenomenon beginning >150 years ago and continuing today. In this 

investigation, I: 1. document the timeline of bobwhite population decline and unintended 

genetic consequences of attempted remedies, 2) develop a model useful for predicting 

possible locations of potentially sustainable bobwhite populations in semiarid rangeland 

in Texas and Oklahoma, and 3) examine the relationship between population monitoring 

data and meteorological factors. 

While breeding season call counts of male bobwhite have been used for >70 

years to provide estimates of fall populations for hunting, most studies of call counts 

have focused on mathematics and statistical accuracy of the count, largely overlooking 

the influence of meteorological factors on call counts. Here, I present the results of 

>4,400 individual point counts and examine their relationship with meteorological 

variables recorded at each stop. Humidity was positively correlated with the number of 

birds recorded (ρ = 0.275, p < 0.001) and temperature was negatively correlated (ρ = -

0.252, p < 0.001). The number of birds recorded was significantly higher in wet years 

than in drought years. There was no significant correlation between wind velocity and 

number of birds recorded. These results suggest that, while weather does influence call 

counts and efforts should be made to record meteorological conditions when collecting 

call count data, the influence of weather may not easily factor into the analysis. These 



 

results also provide another line of evidence for decreased breeding behavior during 

high temperatures. 

With the increased focus on bobwhite habitat management on a regional scale, 

there is a need for reliable methods to identify potential bobwhite habitat. To identify 

bobwhite habitat in semiarid rangeland, I performed classification of LANDSAT scenes 

of Clay County, Texas from July and December 2015. Stands of mature little bluestem 

provide excellent bobwhite nesting cover and could be identified using LANDSAT 

imagery. I scored habitat by type, compared these scores with the results of breeding 

season call counts from 2014 and 2015 and found significant correlation. When used in 

combination with other landscape data, this approach can provide a regional context to 

inform conservation and management decisions. 
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CHAPTER 1 

RESEARCH INTRODUCTION 

The Northern Bobwhite population decline has been ongoing for >150 years 

(Whitt et al. 2017) and continues into the present despite rangewide efforts to reverse 

this trend (Hernández et al. 2013). In fact, the population has declined >70% over the 

last 50 years alone (Sauer et al. 2014). As a result, habitat and population restoration 

have become important goals for many state and private game managers (National 

Bobwhite Technical Committee 2011). There is a long history of populating restoration 

attempts dating back to at least the 1850s (Phillips 1915). The long term results of these 

attempts were largely unsuccessful. However, these attempts may have left an 

unacknowledged legacy. 

In a population in decline where populations are becoming smaller and more 

isolated, one would expect lower genetic diversity within populations and greater 

genetic diversity between populations (Wright 1943). However, this does not appear to 

be the case in bobwhites. Genetic studies have shown consistently lower than expected 

genetic differentiation between populations (Evans et al. 2012, Berkman et al. 2013, 

Miller et al. 2014). Two recent studies have suggested that this pattern may be the 

result of a relatively recent range expansion (Williford et al. 2014, Williford et al. 2016), 

as opposed to introgression from pen-reared or translocated birds.  

Due to the bobwhite’s popularity as a game bird, millions of bobwhites have been 

translocated between populations throughout the species’ range for at least 150 years 

to increase numbers, particularly in declining populations. In addition, millions of 

captive-reared birds have also been released with limited regulation or effort to prevent 
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mixing of individuals from differing environments (Whitt et al. 2017). Growing concern 

exists, not only with bobwhites but an increasing number of species, that locally adapted 

populations may be compromised by introgression from individuals adapted for differing 

environments resulting in outbreeding depression (Laikre et al. 2010, Casas et al. 2012, 

Martin et al. 2017, Forcina et al. 2018). In chapter 2, I review the history of bobwhite 

translocations and releases and examine its potential to impact present and future 

genetic composition of local bobwhite populations.  

Even with stable bobwhite populations, there is a need for population monitoring. 

Breeding season call counts are a cost-effective approach to estimate bobwhite 

population size within a surveyed area (Reyna et al. 2012). In addition to the relatively 

recent use of breeding season call counts to test habitat models, call counts have been 

used as a predictor for fall populations since the 1950s (Bennitt 1951, Reeves 1955, 

Rosene 1957). A number of protocols have been introduced to standardize call counts 

(Robbins et al. 1986) but measurements of meteorological variables such as 

temperature and wind velocity are rarely used to assess how (or if) they correlate with 

call counts. Existing literature on the subject is contradictory (Bennitt 1951, Elder 1956, 

Robel et al. 1969, Hansen and Guthery 2001). With call counts playing an increased 

role in bobwhite censuses (Reyna et al. 2012), there is a need for more research 

investigating how meteorological factors influence call counts in order to provide an 

accurate appraisal of population demographics. In chapter 3, I investigate the 

correlation between meteorological data collected between 2014 and 2017 from ~3,700 

call-counts at ~1,300 data collection points (DCPs) in Clay and Montague counties, 
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Texas (Whitt and Reyna 2017). The data from these stops were analyzed to examine 

relationships between weather variables and the number of birds recorded.  

Despite decades of habitat-focused management, bobwhite populations continue 

to decline. More recently, there has been a call for increased effort on research and 

management on a regional scale (Williams et al. 2004, Gomez and Reyna 2017). 

Implied in this is a need for a practical and reliable method to identify bobwhite habitat 

and locate populations for preservation/restoration.  

A number of descriptive models using remotely-sensed imagery have been 

developed (Roseberry and Sudkamp 1998, Schairer et al. 1999, Peterson et al. 2002, 

Duren et al. 2011), but all of these have been developed for humid subtropical regions 

of the United States with limited use for evaluating rangeland. In the semiarid portions of 

North America, rangeland is the most significant portion of quail habitat (Kopp et al. 

1998). Changes in infrared reflectivity also make it possible to estimate rangeland 

quality as measured by grass height and amount of bare ground (Guerschman et al. 

2003, Röder et al. 2008), and to locate regions of brush, particularly in the summer 

(Boyd 1986, Afinowicz 2004). In the southern Great Plains, little bluestem is the 

preferred nesting plant of the bobwhite quail. This plant turns a distinctive bronze color 

in the winter (Kratsch and Hunter 2009, Davis 2011), making large areas of little 

bluestem possible to locate with multispectral satellite imagery. 

In chapter 4, I used of a combination of summer and winter Landsat imagery to 

examine rangeland quality, presence/absence of brush, and regions of bluestem. 

Classifying these landscape types, I generated a base-line habitat quality score based 

on perceived utility for bobwhite (food, escape cover, nesting locations). Habitat scoring 
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was then tested for correlation with bobwhite presence and density using two years of 

county-wide breeding season bobwhite call counts.  

 

 Literature Cited 

Afinowicz, J. D. 2004. Evaluation of shrub encroachment and brush control on water 
availability in the Upper Guadalupe River watershed. Master's Thesis, Texas 
A&M University, College Station, Texas, USA. 

Bennitt, R., editor. 1951. Some aspects of Missouri quail and quail hunting, 1938-1948. 
Volume 2. Missouri Conservation Commission, Jefferson City, MO, USA. 

Berkman, L. K., C. K. Nielsen, C. L. Roy, and E. J. Heist. 2013. Population genetic 
structure among bobwhite in an agriculturally modified landscape. The Journal of 
Wildlife Management 77:1472-1481. 

Boyd, W. E. 1986. Correlation of rangelands brush canopy cover with Landsat MSS 
data. Journal of Range Management 39:268-271. 

Casas, F., F. Mougeot, I. Sánchez-Barbudo, J. A. Dávila, and J. Viñuela. 2012. Fitness 
consequences of anthropogenic hybridization in wild red-legged partridge 
(Alectoris rufa, Phasianidae) populations. Biological Invasions 14:295-305. 

Davis, F. H. 2011. Effects of prescribed burning on King Ranch Bluestem at vegetative 
regrowth and flowering stages. MS, Texas State University-San Marcos. 

Duren, K. R., J. J. Buler, W. Jones, and C. K. Williams. 2011. An improved multi‐scale 
approach to modeling habitat occupancy of northern bobwhite. The Journal of 
Wildlife Management 75:1700-1709. 

Elder, J. B. 1956. Analysis of Whistling Patterns in the Eastern Bob-white, Colinus v. 
virginianus L. Department of Zoology and Entomology, Iowa State College, . 

Evans, K. O., L. W. Burger Jr., and W. E. Palmer. 2012. Genetic structure of northern 
bobwhites in northeast Mississippi and southwest Tennessee. Proceedings of the 
National Quail Symposium 7:244-250. 

Forcina, G., M. Guerrini, I. Khaliq, A. A. Khan, and F. Barbanera. 2018. Human-modified 
biogeographic patterns and conservation in game birds: The dilemma of the 
black francolin (Francolinus francolinus, Phasianidae) in Pakistan. PloS One 
13:e0205059. 

Gomez, L. J., and K. S. Reyna. 2017. An evaluation of northern bobwhite conservation 
research: a call for large-scale studies. Proceedings of the National Quail 
Symposium 8:119-131. 



5 
 

Guerschman, J. P., J. M. Paruelo, C. D. Bella, M. C. Giallorenzi, and F. Pacin. 2003. 
Land cover classification in the Argentine Pampas using multi-temporal Landsat 
TM data. International Journal of Remote Sensing 24:3381-3402. 

Hansen, H. M., and F. S. Guthery. 2001. Calling behavior of bobwhite males and the 
call-count index. Wildlife Society Bulletin 29:145-152. 

Hernández, F., L. A. Brennan, S. J. DeMaso, J. P. Sands, and D. B. Wester. 2013. On 
reversing the Northern Bobwhite population decline: 20 years later. Wildlife 
Society Bulletin 37:177-188. 

Kopp, S. D., F. S. Guthery, N. D. Forrester, and W. E. Cohen. 1998. Habitat selection 
modeling for northern bobwhites on subtropical rangeland. The Journal of Wildlife 
Management 62:884-895. 

Kratsch, H., and G. Hunter. 2009. Little Bluestem in the Landscape. CWEL Extension 
Fact Sheets 12:1-2. 

Laikre, L., M. K. Schwartz, R. S. Waples, N. Ryman, and GeM Working Group. 2010. 
Compromising genetic diversity in the wild: unmonitored large-scale release of 
plants and animals. Trends in Ecology & Evolution 25:520-529. 

Martin, J. A., R. D. Applegate, T. V. Dailey, M. Downey, B. Emmerich, F. Hernández, M. 
M. McConnell, K. S. Reyna, D. Rollins, and R. E. Ruzicka. 2017. Translocation 
as a population restoration technique for northern bobwhites: a Review and 
Synthesis. Pages 11 in National Quail Symposium Proceedings. . 

Miller, K. S., L. A. Brennan, R. DeYoung, F. Fidel Hernández, and X. B. Wu. 2014. 
Landscape effects on gene flow and genetic structure of Northern bobwhite in 
Texas and the Great Plains. Proceedings of the Annual Texas Wildlife Society 
Conference 49. 

National Bobwhite Technical Committee. 2011. The national bobwhite conservation 
initiative: a range-wide plan for recovering bobwhites. National Bobwhite 
Technical Committee Technical Publication, Ver 2. 

Peterson, M. J., X. B. Wu, and P. Rho. 2002. Rangewide trends in landuse and northern 
bobwhite abundance: an exploratory analysis. Proceedings of the National Quail 
Symposium 5:35-44. 

Phillips, J. C. 1915. The old New England bob-white. The Auk 32:204-207. 
<http://www.jstor.org/stable/4072430>. 

Reyna, K. S., D. Rollins, and D. Ransom Jr. 2012. The Texas quail index: evaluating 
predictors of northern bobwhite productivity and abundance using citizen 
science. Proceedings of the National Quail Symposium 7:79. 

http://www.jstor.org/stable/4072430


6 
 

Robbins, C. S., P. H. Geissler, and D. Bystrak. 1986. The breeding bird survey : its first 
fifteen years, 1965-1979. United States Fish and Wildlife Service, Washington, 
DC, USA. <http://hdl.handle.net/2027/uiug.30112075260239>. 

Robel, R. J., D. J. Dick, and G. F. Krause. 1969. Regression coefficients used to adjust 
bobwhite quail whistle count data. The Journal of Wildlife Management 33:662-
668. 

Röder, A., T. Udelhoven, J. Hill, G. Del Barrio, and G. Tsiourlis. 2008. Trend analysis of 
Landsat-TM and-ETM imagery to monitor grazing impact in a rangeland 
ecosystem in Northern Greece. Remote Sensing of Environment 112:2863-2875. 

Roseberry, J. L., and S. D. Sudkamp. 1998. Assessing the suitability of landscapes for 
northern bobwhite. The Journal of Wildlife Management 62:895-902. 

Sauer, J. R., J. E. Hines, J. E. Fallon, K. L. Pardieck, D. J. Ziolkowski Jr., and W. A. 
Link. 2014. The North American breeding bird survey, results and analysis 1966-
2013. Version 6:2006. <http://www.mbr-pwrc.usgs.gov/bbs/bbs.html>. 

Schairer, G. L., R. H. Wynne, M. L. Fies, and S. D. Klopfer. 1999. Predicting landscape 
quality for northern bobwhite from classified Landsat imagery. Proceedings of the 
Annual Conference of the Southeastern Association of Fish and Wildlife 
Agencies 53:243-256. 

Whitt, J. G., J. A. Johnson, and K. S. Reyna. 2017. Two centuries of human‐mediated 
gene flow in northern bobwhites. Wildlife Society Bulletin 41:639-648. 

Whitt, J. G., and K. S. Reyna. 2017. Predicting northern bobwhite habitat in semiarid 
rangeland using LANDSAT imagery. Proceedings of the National Quail 
Symposium 8:107-116. 

Williams, C. K., F. S. Guthery, R. D. Applegate, and M. J. Peterson. 2004. The northern 
bobwhite decline: scaling our management for the twenty-first century. Wildlife 
Society Bulletin 32:861-869. 

Williford, D., R. W. DeYoung, R. L. Honeycutt, L. A. Brennan, F. Hernández, E. M. 
Wehland, J. P. Sands, S. J. Demaso, K. S. Miller, and R. M. Perez. 2014. 
Contemporary genetic structure of the Northern Bobwhite west of the Mississippi 
River. The Journal of Wildlife Management 78:914-929. 

Williford, D., R. W. Deyoung, R. L. Honeycutt, L. A. Brennan, and F. Hernndez. 2016. 
Phylogeography of the bobwhite (Colinus) quails. Wildlife Monographs 193:1-49. 

Wright, S. 1943. Isolation by distance. Genetics 28:114.  

  

http://hdl.handle.net/2027/uiug.30112075260239
http://www.mbr-pwrc.usgs.gov/bbs/bbs.html


7 

CHAPTER 2 

TWO CENTURIES OF HUMAN-MEDIATED GENE FLOW IN NORTHERN 

BOBWHITES* 

The Northern Bobwhite Population Decline 

The Northern Bobwhite (Colinus virginianus; hereafter bobwhite) is a relatively 

small gallinaceous game bird native to the United States, Mexico, and southern 

Canada. Although still considered common, bobwhite populations have deteriorated 

across portions of their geographic distribution since at least the 1850s (Samuels 1867, 

Fowler 1869, Phillips 1915) and declined by >70% over the last 40 years (Figure 2.1; 

Sauer et al. 2018), resulting in a listing of “near threatened” by the IUCN (IUCN 2013). 

Many have invested heavily in an effort to identify the cause of the species’ decline, and 

research suggests that habitat loss and fragmentation are the primary causes (Leopold 

1931, Klimstra 1982, Brennan 1991, Hernández et al. 2013).  

* This chapter is reproduced with permission from Wiley from Whitt, J. G., J. A. Johnson, and K. S.
Reyna. 2017. Two centuries of human‐mediated gene flow in northern bobwhites, Wildlife Society Bulletin 
41:639-648.  
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Figure 2.1: Bobwhite population decline in the United States and Canada as measured by 
the Breeding Bird Survey (Sauer et al. 2018). Light gray lines indicate 95% CI. 

 

To what degree habitat fragmentation and loss have influenced population 

connectivity, however, is equivocal. Multiple studies over the past decade have 

evaluated whether restricted gene flow existed between regions within the bobwhite 

geographic range, suggesting a recent range and population expansion with few 

dispersal barriers (Evans et al. 2012, Berkman et al. 2013b, Miller et al. 2014, Williford 

et al. 2014, 2016). However, it is important to note that patterns of genetic differentiation 

have also been documented at the local scale, possibly due to recent anthropogenic 

land use changes (Berkman et al. 2013a). Considering the bobwhite’s low dispersal 

distance (Fies et al. 2002, Townsend et al. 2003, Terhune et al. 2006c), results of 

previous studies suggesting panmixia throughout the bobwhite’s geographic distribution 

were unexpected. However, because both wild and captive-reared Northern Bobwhite 

have been moved and released more than any other terrestrial North American game 

species for both hunting and conservation purposes (Whitt et al. 2017), it seems logical 

that such practices may have biased our ability to assess genetic population differences 

at local and regional scales.  

It is often assumed, yet rarely verified that none or minimal introgression exists 

between released captive-reared bobwhites and the local population. Research has 

shown, however, that such assumptions may be invalid (Evans et al. 2009). I review 2 

centuries of bobwhite management literature focused on the transport and relocation of 

birds (wild and captive-reared). My intention is not to cast blame, but rather to 

demonstrate how such practices may have influenced decision-making processes in 

managing bobwhite populations. While it seems likely that the species experienced a 
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historic range expansion following the last glacial retreat, concern exists that recent 

anthropogenic landscape changes may not appear as an important contributor to the 

species’ decline due to past management practices. Extensive efforts made to 

supplement populations using both wild and captive-reared birds may have masked the 

potential negative effects of recent habitat fragmentation and biased our ability to 

assess both local and broad-scale demographic patterns using genetic methods.  

As populations become smaller and more isolated, from habitat loss and 

fragmentation for example, one would expect lower genetic variation within populations 

and greater genetic variation among populations as a consequence of genetic drift 

(Wright 1943). This pattern is supported among multiple avian species, such as the 

House Sparrow (Passer domesticus; Kekkonen 2011), Black Grouse (Tetrao tetrix; 

Caizergues et al. 2003), White-tailed Ptarmigan (Lagopus leucura; Fedy et al. 2008), 

Greater Prairie-chicken (Tympanuchus cupido; Johnson et al. 2003, 2004), Golden-

cheeked Warbler (Dendroica chrysoparia; Lindsay et al. 2008), White-breasted Wood 

Wren (Henicorhina leucosticta), and Gray-headed Tanager (Eucometis penicillata; 

Brown et al. 2004). However, despite recent population fragmentation of bobwhites and 

their presumed low propensity for dispersal (Brennan et al. 2014), several recent 

studies have documented minimal or low levels of genetic differentiation among 

bobwhite populations, including among historically recognized subspecies (Wehland 

2006, Valentine 2007, Terhune 2008, Eo et al. 2010, Evans et al. 2012, Berkman et al. 

2013a, Williford et al. 2014, Miller et al. 2014, Williford et al. 2016). Those studies 

suggest sufficient gene flow exists across the bobwhite range, and ultimately implying 

that habitat fragmentation has had little to no effect on their population genetics. Others, 
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such as Eo et al. (2010), however, have questioned whether this lack of genetic 

differentiation may be due to management practices of moving bobwhites artificially 

between populations. Could it be, then, that the relative lack of genetic differentiation 

between bobwhite populations has been strongly influenced by a long history of 

widespread translocations? 

Indeed, during the past 250 years, bobwhites have been trapped and transported 

to every state in the United States and at least 25 countries worldwide (see below). 

Sportsmen and landowners were translocating wild bobwhites as early as the 1750s 

(Gosse and Hill 1851); state game officials across the United States produced and 

released millions of captive-reared birds beginning as early as 1910 (Klinger 2011). In 

addition, private individuals have been raising bobwhites for release since at least 1903 

(Kerr 1903, Quarles 1920). While captive bobwhite releases by state organizations have 

declined, their use in shooting preserves and similar operations is still prevalent. In 

some regions, >95% of harvested birds are captive-reared (Palmer et al. 2011, 

McKenzie et al. 2015). 

 

 Translocations of Wild Birds 

When bobwhite population declines were observed in the 1850s, New England 

hunters and landowners believed the solution was to import wild bobwhites from states 

that possessed more stable populations (Phillips 1928). Trapping bobwhites for the food 

markets of Philadelphia and New York had been a common practice in the early 1800s 

(Jardine et al. 1834, Audubon 1842), but augmenting existing populations was still rare 

prior to the Civil War (Phillips 1915, 1928). The first wild bobwhites imported to New 
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England were likely brought from the southern Atlantic states around 1845 (Phillips 

1928). These translocations were conducted by private individuals or clubs and rarely 

recorded; in fact, many translocations were conducted in secret (Phillips 1915, 1928).  

By 1880, translocations became more commonplace with advertisements and 

letters regarding the sale of wild bobwhites appearing regularly in publications like 

Forest and Stream. For example, Sears (1882, 1887) reported that wild birds were 

being liberated by the Westfield Game Society in Massachusetts, USA, and by private 

individuals in Maine, USA. Wight (1882) and Beebe (1888) revealed that shipping wild 

bobwhites hundreds or thousands of kilometers was commonplace well before the end 

of the 19th century. In 1894, the Rhode Island State Game Association released 1,440 

birds imported from the southeastern United States (Roberts 1894). A Forest and 

Stream reader using the pseudonym “Special” (1890a, 1890b, 1891) reported that the 

Massachusetts Fish and Game Protective Association restocked a local population with 

2,000 southern birds in 1890-1891 and that at least some birds released in Vernon, 

Vermont, USA, in the winter of 1890 had survived into the spring.  

Not all wild translocated bobwhites in the north came from southern states. 

Witherbee (1892) reported 120 birds shipped from New York, USA, to Vermont. 

Bobwhites were also trapped and transported from the Great Plains (Phillips 1915). 

Sears (1898) expressed a preference for western over southern birds when 

documenting 2,602 wild birds sent to New Jersey, USA, from Indian Territory, a familiar 

occurrence also reported by Fox (1883). The 1880s also saw a change in market 

hunting, as demand for live birds for restocking exceeded the demand for dead birds for 

immediate food. There were dealers selling live wild quail in Corpus Christi and 
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Galveston, Texas, USA, in the 1880s (Casto 1983). However, one of the largest dealers 

in transporting wild bobwhites during the 1890s was Charles Payne of Wichita, Kansas 

(Phillips 1928). In one newspaper article ("Work of west Wichita naturalist" [Author 

unknown 1921]), Payne claims to have shipped >3 million bobwhites to multiple states; 

many of these birds were taken in violation of Indian Territory game laws (Phillips 1928). 

Payne is the most likely source of 30,000 bobwhites that were shipped from Oklahoma, 

USA, to New Jersey in 1899 (Chanda et al. 2009). E. B. Woodward and Cecil French 

were also shipping thousands of bobwhites annually at this time (DeWitt 1906, Phillips 

1928).  

In 1897, 4 states enacted a ban on the sale of any wild game, including 

bobwhites (Palmer 1912, Grinnell 1919). By 1904, 25 states had banned the sale of wild 

bobwhites, regardless of source, and every state except Mississippi, USA, prohibited 

game exports (Judd 1905). Still, this only slowed the large-scale trapping and transport 

of bobwhites. Payne continued to collect thousands of birds for export under a 

fraudulent scientific permit in Texas (Phillips 1928, Casto 2006a) and advertised the 

sale of bobwhites nationally as late as 1907. E. B. Woodward's agents, the Carter 

Brothers, also continued to trap bobwhites in Texas for shipment to New York using a 

fraudulent permit. They were arrested in 1906 in possession of orders requiring 37,000 

wild bobwhites. In response to the Carter Brothers case, Texas sport hunters created 

the Texas Game Protective Association. The Association’s purpose was to lobby for 

stricter game laws, including a more thorough collecting permit application process 

(Casto 1983, Casto 2006b).  
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By 1907, numbers of bobwhites in excess of the daily bag limit could no longer 

be legally trapped and transported from any state (Palmer 1912), though some game 

officials allowed the movement of birds from high to low population density areas 

("Abundant game in Florida" [Author unknown 1926], "Permits issued to trap quail" 

[Author unknown 1932]). In Texas, in-state movement continued with ~20,000 birds 

moved in 1940 ("Did you know that" [Author unknown 1941]). During this time, bobwhite 

populations continued to decline (Stoddard 1931a) and supplementation by trapping 

and transporting wild bobwhites in the United States were no longer a cost-effective 

option for private landowners or game officials. Other legal and more abundant sources 

of birds were needed.  

 

 International Shipments of Wild Bobwhites 

Although shipments of wild birds from other countries into the United States do 

not appear to have been a regular occurrence at the time, 10,000 bobwhites were 

transported from Mexico to the port of Galveston in 1880, presumably for release in the 

northern and eastern United States (Phillips 1928). High winter bobwhite mortality 

occurred during the winter of 1904-1905 from Maine to Indiana, USA (Leopold 1931, 

Palmer and Norton 1949), and the demand for replacement bobwhites increased. With 

every state forbidding trapping of wild birds for export, birds from Mexico were the only 

legal wild bobwhite available. In 1910, 1,379 bobwhites were imported from Mexico. By 

1925, ≥233,000 bobwhites had been shipped from Mexico to the United States (United 

States Tariff Commission 1925a). While these birds were released throughout the 
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United States, ~47,000 of the total birds were shipped to Pennsylvania, USA, alone 

(Phillips 1928).  

An import duty on bobwhites of US$0.50 per bird was instituted beginning in 

1923, but imports continued (United States Tariff Commission 1925b). During the 

1930s, there were at least 5 individuals in Texas bidding to supply large numbers 

(4,000-10,000) of wild bobwhites from Mexico to state game departments in the United 

States (Texas Game Fish and Oyster Commission 1931b, Jester 1938, Anonymous 

1939). Bogle (1948) of San Antonio, Texas, claimed to have shipped at least 500,000 

wild Northern Bobwhites from Mexico to 17 state game departments in addition to 

hundreds of individuals. Bogle did not limit himself to selling legal birds from Mexico. In 

1933, he was convicted of illegal trapping, transport, and sale of >80,000 wild bobwhites 

originating from Alabama, Arkansas, Mississippi, and Tennessee, USA (Anonymous 

1931, Casto 2006a).  

From 1927 to 1937, recorded shipments of wild bobwhites from Mexico ranged in 

numbers from 50,000 to 110,000 per year (Stoddard 1931a, Bogle 1938). Annual 

shipments of 5,000 to 15,000 birds went to Pennsylvania and Texas ( Texas Game Fish 

and Oyster Commission 1928, 1930, 1931a, c; "Texas game shows increase" [Author 

unknown 1928]; "Quail received" [Author unknown 1929]; "Extensive restocking 

reported" [Author unknown 1938]) with ~20,000 per year going to Texas by 1940 (Jester 

1938, Anonymous 1940). Other shipments included 750 birds to New York (Bump 

1940), 5,000 birds to Kansas ("Kansas may become Mecca" [Author unknown 1926]), 

>11,000 to Georgia, USA (Avery 1928, Stoddard 1931a), 15,000 to Virginia, USA 

(Robertson 1929), and 50,000 to Mississippi ("50,000 quail being bought" [Author 
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unknown 1936], "Receive quail" [Author unknown 1937]). An unknown quantity of wild 

birds went to West Virginia, USA (Snyder 1938), Florida, USA (Bogle 1948), Kansas 

(Sexson Jr and Norman 1972), and likely several other states. Mexico eventually 

capped annual export permits at 50,000 and legal shipments continued at that level or 

below until 1948. That same year, Bogle advertised that he would have ~20,000 wild 

bobwhites trapped and available the following spring. The total number of wild birds 

shipped from Mexico from 1910 to 1948 is not known but most likely in the millions. 

 

 State Game Farms 

With native wild birds illegal to transport and Mexican wild birds becoming too 

scarce or expensive by the early 1900s, captive-reared bobwhites from game farms 

became the only practical legal option for restocking. The earliest state-run bobwhite 

farms opened in 1913, and include farms in Massachusetts (Quarles 1920), 

Connecticut, USA ("Propagation of quail" [Author unknown 1913]), Pennsylvania 

(Klinger 2011) and New Jersey (Chanda et al. 2009). By 1922, state-run game farms 

had opened in Virginia (Coleman 1921), New York, Delaware, Ohio, Illinois, Minnesota, 

Missouri, and Iowa, USA (Palmer 1922). Nestler and Nelson (1940) reported that 

317,569 bobwhite were produced by, or in cooperation with, state game farms in 22 

states during the fall and winter of 1939-1940. Another 62,387 bobwhites were 

purchased by states from private game farms during that time. As many as 70,000 

captive-reared birds per year were released in Indiana during the late 1940s and early 

1950s (Reeves 1955). Kansas opened 2 game farms in 1935, producing >5,000 

bobwhites that year. Peak annual production of 40,789 birds was reached in 1955 and 
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continued near that level until 1969 (Kozicky 1972). Texas opened a game farm in Tyler 

in 1956 (Hernández and Perez 2007), distributing >220,000 captive-reared bobwhites 

from 1960 to 1968 (Texas Game and Fish Commission 1961, 1962, 1963, Arnold 1964, 

1965, 1966, Davidson 1967). The Pennsylvania Game Commission opened 2 additional 

game farms in 1928 "Game commission will buy game farms" [Author unknown 1928]) 

that were producing and releasing ~170,000 bobwhites annually by 1945. In total, 

>5,700,000 birds were released in Pennsylvania by the Commission between 1910 and 

1982 (Klinger 2011). Oklahoma’s Darlington Game Farm opened in 1931 and produced 

~3,500,000 bobwhites for release by the time it closed in 1996 (Sutter 1996). The 

Kentucky Department of Fish and Wildlife Resources released >3,500,000 birds from 

the 1950s to the 1990s (Lamar 2011). Tens of millions of bobwhites have likely been 

produced and distributed by state game agencies since the early 1900s. 

 

 Private Game Farms 

By far, the largest source of bobwhites for the past 100 years has been captive-

reared birds from private game farms and shooting preserves. Although bobwhites 

could be kept alive in pens for weeks or even months, they were not regularly raised in 

captivity until ~1880 (Benbrook 1881, Willis 1882, Duncan 1894). Issues of Forest and 

Stream from around this time contain many letters from readers experiencing varying 

degrees of success in rearing bobwhites. The National Quail Breeders Association was 

formed in 1899 with commercial breeding of bobwhites beginning around 1903. These 

early farms had an initial production of <500 birds annually, but they were instrumental 

in the design and success of future farms and produced many of the early state game 
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farm operators (Quarles 1920). By 1922, hundreds of private game breeders were 

producing their own stocks. The 1940 census recorded 199 private quail farms that 

produced 151,276 bobwhites in 1939 (Nestler and Nelson 1940). By 1954, a single 

private farm was producing >40,000 quail per year (Lesesne Bobwhite Raising Pays Off 

1954). Hernández and Perez (2007) noted that between 1983 and 2001, an average of 

89 breeders were licensed in Texas and allowed to produce >1,000 birds each and 

another 858 were licensed to produce up to 1,000 birds each. At least one Texas farm 

raised >150,000 per year (Doggett 2010) and one Georgia farm ~800,000 per year 

(Minor 2001).  

Many of the bobwhites privately raised were, and still are, released on shooting, 

or game bird preserves where birds are released prior to a hunt. Game bird preserves 

began no later than 1909 (Huntington 1909, Pearson 1909) and multiplied rapidly. The 

total number of currently operating game bird preserves is unknown, and it is doubtful 

that all released birds are recorded. Texas licenses ~357 game bird preserves annually 

(Hernández and Perez 2007), the North American Gamebird Association lists 107 

members with preserves, and the National Shooting Sports Foundation lists >1,000 bird 

hunting preserves.  

Undoubtedly, the number of captive-reared bobwhites released annually is high. 

Chanda et al. (2009) estimated 29,857 bobwhite were released in 54 locations in New 

Jersey during 2009. Since that time, the number has increased to ~60,000 annually 

(McKenzie et al. 2015). Klinger (2011) estimated ~60,000 bobwhites released per year 

in Pennsylvania. These numbers seem large, but are relatively small when compared to 

>400,000 per year in South Carolina, USA (South Carolina Department of Natural 
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Resources 2013), or an estimated 5,000,000 per year in Georgia (Dozier et al. 2010), 

with as many as 300,000 bobwhites released per year on a single plantation (Sears 

2015). The number of captive-reared bobwhites released each year is almost certainly 

in excess of the national bobwhite population, estimated at 5,800,000 in 2012 (Partners 

in Flight Science Committee 2012). My investigation revealed that the number of 

released birds might exceed the national wild bobwhite population by at least a factor of 

5.  

 

 Survival Rate 

While some evidence exists that fall stocking of captive-reared bobwhites can 

increase hunter success (Sexson Jr and Norman 1972), it was established in the 1940s 

that captive-reared birds are not an economically viable method to supplement or 

reestablish populations because so few birds survive (Clark 1942, Barnes 1947, Phelps 

1948, Studholme 1948, Pough 1948, Buechner 1950). However, the survival rate for 

captive-reared bobwhites is still greater than zero (Baumgartner 1944, Wint 1949, Perez 

et al. 2002, Oakley et al. 2002, Woods 2013), and given the total number released, 

introgression into the wild population may not be inconsequential. Published survival 

rates vary depending on length of study, condition of released birds, environmental 

factors, and method of tracking birds and recording survival. Studies relying on hunter 

band return typically have the lowest return rates, from <1% (Gerstell 1938, Anonymous 

1944) to >5% (Pough 1948, Sexson Jr and Norman 1972) with most falling in between 

those numbers (Barnes 1947, Hanson 1947, Reeves 1955, Webb and Nelson 1971, 

Hutchins and Hernández 2003, Thackston 2006). When birds are counted by retrapping 
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or direct observation, the proportion of birds known to survive is typically 5-20% (Frye Jr 

1942, Roseberry et al. 1987, DeVos Jr and Speake 1995, Cass 2008), with Reeves 

(1955) reporting 43% of captive-reared released birds surviving until mating season. 

There is also considerable evidence that surviving captive-reared birds produce 

offspring in the wild (Bump 1940, Reeves 1955, Sexson Jr and Norman 1972, DeVos Jr 

and Speake 1995, Eggert et al. 2006, Evans et al. 2009). Bump (1940) reported that 

some of the 66,896 captive-reared birds from both private and state farms in Wisconsin; 

USA; Virginia; and other states "bred widely" following release in New York between 

1930 and 1939.  

Studies on survival rates of translocated birds are less common; particularly with 

respect to birds transported long distances. Prior to the 1990s, nearly all reports are 

anecdotal. Samuels (1897) specifically credits imported southern birds for restoration of 

Massachusetts bobwhite populations. Bump (1940) reported that Mexican bobwhites 

released on Long Island successfully interbred with native stock. Stoddard (1931b) 

recorded a 4.5% band return rate by hunters on Mexican bobwhites 8-10 months after 

release and a 0.36% rate for birds returned 20-22 months after release. These rates are 

higher than those for most captive-reared bird releases (detailed above).  

More comprehensive recent studies involved birds translocated over shorter 

distances and demonstrate much greater survival rates. Terhune et al. (2006b, 2010), 

Parsons et al. (2000), and Jones (1999) reported no significant difference in survival 

rates between translocated and resident bobwhites while Scott et al. (2013) reported 

significantly (30-40%) lower survival rates for translocated birds compared to resident 

birds. Still, translocated birds, while fewer in number, have a greater survival rate than 
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captive-reared birds. The relevant question, then, is whether enough translocated or 

captive-reared birds survive to counter effects of genetic drift due to increased habitat 

fragmentation, isolation, and small population size. 

In population genetics, a general rule of thumb is that a rate of one migrant per 

generation is required for maintaining genetic variation within and among populations to 

avoid inbreeding depression (Spieth 1974); as few as 4 migrants per generation is 

sufficient to produce panmixia (Kimura and Maruyama 1971). However, these numbers 

are based on models that assume ideal conditions. In natural populations, the number 

of migrants per generation required is dependent on the effective population size (Ne) 

and can be ≥20. In the majority of natural populations, including bobwhites, Ne is smaller 

than the census population size (Wang 2004, Faircloth 2008). The smaller Ne is 

compared to N, the greater number of actual migrants required to provide one effective 

migrant per generation and maintain allele frequencies (Wang 2004). In monogamous 

species where most reproductively mature individuals mate, Ne is nearly equal to N. For 

highly polygynous mating systems, Ne is much smaller than N (Nunney 1993). Early 

studies (Stoddard 1931a, Leopold 1936) reported bobwhites as monogamous, but more 

recent studies suggest polygyny (Baldini et al. 1952, Curtis et al. 1993) and polyandry 

(Burger Jr et al. 1995). Difficulties of establishing parentage without genetic tools have 

obscured the relative contribution of each individual to the next generation. For 

example, Faircloth (2008) recorded successful reproduction for 64.6% and 67.6% of 

female and male bobwhites, respectively, suggesting that the population possessed an 

N/Ne of ~1.6. Therefore, only a few surviving captive-reared birds per year breeding with 
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members of the resident population may influence allele frequencies and counter the 

effects of genetic drift.  

 Other Species 

Potential genetic consequences of restocking can include a change in genetic 

diversity and reduce local adaptation (Champagnon et al. 2012). The release of captive-

reared bobwhites has lowered survival rate in established wild populations (Sexson Jr 

and Norman 1972, DeVos Jr and Speake 1995, Sisson et al. 2000, Hutchins and 

Hernández 2003). While few studies have investigated the genetic consequences of 

releasing wild-translocated or captive-reared bobwhites on resident populations 

(Ellsworth et al. 1988, Hurst et al. 1993, Evans et al. 2009), it has been studied in other 

game species. The genetic influence of translocated turkeys (Melagris gallopovo) has 

been found to persist for decades in the eastern United States (Leberg et al. 1994), 

Indiana (Latch and Rhodes Jr 2005), Kansas (Latch et al. 2006), and Texas (Seidel et 

al. 2013). Similar findings have been reported for white-tailed deer (Odocoileus 

virginianus) in the eastern United States (Leberg et al. 1994, Leberg and Ellsworth 

1999, DeYoung et al. 2003). DeYoung et al. (2003) suggested translocated animals 

produced a higher than expected genetic diversity in local populations of white-tailed 

deer in Mississippi. Barbanera et al. (2010) noted a significant change in the haplotype 

frequencies between modern Iberian red-legged partridges (Alectoris rufa) and museum 

specimens due largely to restocking from farm-raised birds. These releases and 

translocations involved hundreds or thousands of individuals. These numbers, however, 

are still far short of the millions of translocated and captive-reared bobwhites released in 

the United States. 
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The only other game species that approach bobwhites in the numbers of 

individuals translocated or released from farms are fish (Hindar et al. 1991). With some 

2,000,000 Atlantic salmon (Salmo salar) escaping into the wild each year (McGinnity et 

al. 2003), hybrid Atlantic salmon have been recorded in Ireland (Clifford et al. 1998a, 

Clifford et al. 1998b, McGinnity et al. 2003), Northern Ireland (Crozier 2000), and 

Norway (Skaala et al. 2006). Some interbreeding between farm and wild individuals 

have resulted in gene expression modification (Roberge et al. 2008) and reduced 

fitness (Hansen 2002, McGinnity et al. 2003). In at least one case, farmed Atlantic 

salmon have completely displaced the natural population (Sægrov et al. 1997). 

Reduced fitness due to hybridization with farmed fish is also a concern in Pacific salmon 

(Onchorhyncus spp.) (Reisenbichler and Rubin 1999). Populations of brown trout 

(Salmo trutta) in Denmark possess 6% to >50% farmed fish alleles (Hansen et al. 

2001). Extensive hybridization between wild and farmed brown trout has also been 

recorded in Spain, Ireland, France, and Switzerland (Utter 2000) along with rainbow 

trout (Oncorhynchus mykiss) in Oregon, USA (Williams et al. 1996, Williams et al. 1997, 

Currens et al. 1997).  

 

 Conclusions  

Given the magnitude of our efforts to supplement bobwhite populations with both 

wild and captive-reared birds each year, we cannot discount that such practices have 

also influenced our ability to measure natural population demographic patterns using 

genetic methods. Similarly, the release of large numbers of bobwhites may have also 

masked the negative effects of recent habitat fragmentation and loss. Evans et al. 
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(2009) suggested that large-scale bobwhite releases could alter the genetic integrity of 

native populations. I am concerned that this has already happened. No other species of 

North American game bird has been moved around in such massive quantities as the 

Northern Bobwhite. While molecular studies indicate that the bobwhite has experienced 

a recent range expansion with few dispersal barriers throughout its current distribution 

(Williford et al. 2014, Williford et al. 2016), we cannot discount the possibility that the 

recovered pattern was due in part from anthropogenic effects.  

Similarly, mixing locally adapted individuals from differing environments (wild and 

captive) may also affect conservation efforts to increase bobwhite populations in 

restored habitat. Thousands, if not millions, of hectares are being restored to native 

prairie and grassland in hopes of restoring bobwhite populations. In one of the only 

population genetic studies to note a significant difference between 2 in-state populations 

in Texas (C. v. texanus from south Texas and C. v. mexicanus from east Texas), 

Nedbal et al. (1997) measured survival of translocated birds and suggested restocking 

be done with native birds. After ~200 years of human mediated gene flow, this may no 

longer be possible in some regions. To my knowledge, there is no effort made to 

regulate the genetics of captive bobwhite populations in reference to mixing source 

populations, let alone acknowledging the potential negative effects of inbreeding and 

outbreeding depression post-release (Frankham et al. 2011, Weeks et al. 2011, 

Rollinson et al. 2014). 

Aldrich (1946) summarized 6 different bobwhite subspecies in the eastern United 

States. In an analysis using mitochondrial control region I (CR1), Williford et al. (2014) 

reported ambiguous, but statistically significant evidence for differentiation among 3 
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subspecies (C. v. texanus, C. v. mexicanus, and C. v. taylori) in Texas and the southern 

Great Plains. In a whole-mitochondrial genome analysis of specimens from Texas and 

Oklahoma, Halley et al. (2015) provided evidence for 2 distinct maternal lineages, 

though these lineages were not geographically concordant with traditional subspecies 

boundaries as both lineages were identified within south Texas. East of the Mississippi 

River, where the history of translocations and captive-reared bird releases is more 

extensive, Eo et al. (2010) examined CR1 of >150 specimens from 12 states and found 

no support for recognized subspecies taxonomy, with the possible exception of C. v. 

floridanus in Florida possessing significant pairwise population differentiation with 

populations from the other 3 subspecies (C. v. virginianus, C. v. marilandicus, and C. v. 

mexicanus). While Williford et al. (2016) used a combination of both contemporary and 

museum specimens, one cannot assume that the use of museum specimens alone will 

reflect ‘natural’ conditions prior to extensive human-mediated movement of birds, as this 

review reports, we have been moving bobwhites around as early as the 1750s (Gosse 

and Hill 1851). 

One-hundred years after Phillips (1915) noted that native bobwhites of 

Massachusetts appeared to have been swamped by southern birds, it is naïve to 

assume that all wild bobwhites are of native stock. With millions of birds released each 

year, with no official documentation and with little consideration of source stock, it could 

be difficult, if not impossible, in some regions to obtain native birds for conservation 

practices, and it is still not practical to restock with captive-reared birds. Thus, the 

previous and continuing widespread human-mediated movement of bobwhites has likely 

influenced our current ability to determine the implications of habitat fragmentation on 
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bobwhite population viability, and thereby, possibly affect the efficacy of future bobwhite 

conservation efforts. 
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CHAPTER 3 

METEOROLOGICAL CONDITIONS INFLUENCING FREQUENCY AND AUDIBILITY 

OF NORTHERN BOBWHITE SONG* 

Introduction 

While use of indices from point or roadside counts has limitations (Anderson 

2001, Anderson 2003), Northern Bobwhite breeding season call counts have been used 

as a census method since at least Stoddard (1931a). The underlying assumption is that 

an index has a linear, positive relationship with population density of the bird (Gibbs 

2000) though the exact nature of that relationship may not be known. A positive 

correlation between breeding season call counts and fall bobwhite populations and/or 

hunter harvest was hypothesized by Bennitt (1943). This hypothesis was experimentally 

supported using fall hunter harvest data (Bennitt 1951, Reeves 1955, Rosene 1957, 

Curtis et al. 1989, Sisson and Terhune 2017), though the relationship may be equivocal 

in some cases (Norton et al. 1961), particularly in arid regions (Reyna et al. 2012, 

Sisson and Terhune 2017). 

Assuming a detection rate of 1.0, all birds are counted. In the field, however, 

detection rate will always be <1.0. To reduce variation in detection probability, some 

aspects of a call count are standardized (Robbins et al. 1986). These include time of 

day, time of year, call count duration, and a limitation of weather conditions under which 

counts may be conducted. Bobwhite call counts are also typically recorded at pre-

determined points or along a pre-determined route. The observer records all male 

* This chapter is reproduced from Whitt, J. G., and K. S. Reyna. 2017. Predicting northern bobwhite
habitat in semiarid rangeland using LANDSAT imagery. Proceedings of the National Quail Symposium 
8:107–116.  Authors retain copyright under Creative Commons non-commercial agreement (4.0). 
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bobwhites heard calling for a set amount of time, often 5 min, before moving to the next 

point. Call counts are timed to coincide with the local breeding season with daily start 

times ranging from 45 min before sunrise (Hansen and Guthery 2001) to 25-30 min after 

sunrise (Robel et al. 1969) and listening period durations from 1.5 (Rosene 1957) to 3.5 

hours (Bennitt 1951). 

 

3.1.1 Detection Probabilities 

If the largest source of variation in count is in the number of animals at the site 

(Royle and Nichols 2003), the second largest is almost certainly the probability of 

detecting a particular bird (Nichols et al. 2000, Farnsworth et al. 2002, Royle and 

Nichols 2003, MacKenzie et al. 2005). As the number of birds recorded represents 

some fraction (<1) of an existing population, the number of birds recorded (Nr) can be 

described as 

Nr = pN 

where p is the probability of detecting a particular bird and N is the actual population. 

Several authors have noted undercount problems with single observer point counts 

(Anderson 2001, Rosenstock et al. 2002, Royle and Nichols 2003, Applegate et al. 

2011). The resulting index accounts for an unknown fraction of the true number of birds 

within the study area and there is no way to know whether this fraction remains 

consistent from year to year, or even day to day. However, using point counts to 

produce an index is often the most efficient way to survey a large area, despite the 

variance (Johnson 2008). In order to have more than a limited utility, indices (whether 
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obtained via point counts or other methods) require some sort of detection probability 

estimate (Anderson 2003, Engeman 2003, Johnson 2008).  

Historically, few bobwhite index counts attempt to determine probability of 

detection but recently, a number of methods to do so have been described. These 

include occupancy surveys (MacKenzie et al. 2002), repeated stops at the same point 

to record presence/absence (Royle and Nichols 2003); distance sampling (Rosenstock 

et al. 2002); multiple observers (Thomas et al. 2010); and removal models, or time-of-

detection (Farnsworth et al. 2002, Alldredge et al. 2007).  

The probability (p) of a particular bird being recorded is a function of the 

probability that a given bird whose territory overlaps the sample area is present (pp), the 

probability that bird is calling during the observation period (pa), and the probability of 

that bird call being detected by an observer (pd; Nichols et al. 2009).  

Nr = pppapdN 

Generally, pp is assumed to be constant between sites within the same species (Riddle 

et al. 2010c). Multiple observers or distance sampling can be used to estimate pd. The 

removal method can be used to estimate pdpa as a single parameter, often represented 

as p̂. However, pd and pa cannot be separated unless the removal method is combined 

with one of 2 methods used to estimate pd (Riddle et al. 2010b). 

 

3.1.2 Behavioral and Timing Aspects 

The bobwhite whistle is made by male birds primarily during nesting, mating and 

brooding season. Stoddard (1931a) believed the calling birds to be primarily “surplus 

cocks”, males not paired with a female. Only during the earliest part of the season did 



42 
 

he believe that whistling was performed proportionally by all males. Bennitt (1951) 

agreed with this assessment while Rosene (1957) expressed some doubt and called for 

a more thorough investigation. 

Hansen and Guthery (2001) recommended bobwhite call counts be performed at 

or near the peak of calling activity. The date of that peak varies by year and geographic 

region. In their protocol, Burger et al. (2006) give the peak as the last week of May 

through the 2nd week of July. Most previous studies fall within this range. Bennitt (1951) 

recorded calls from May 30 to September 1, with measured peaks from June 20 to July 

20 in Missouri (36.5° N - 40.5° N). Robel et al. (1969) recorded peaks from 15 June to 

17 July in Kansas (39.07° N - 36.56° N). In Florida, Terhune et al. (2006a) recorded 

peaks in mid-late May with secondary, smaller peaks mid-June to late July in Georgia 

and northern Florida (30.5° N - 32.7° N). Hansen and Guthery (2001) collected data 

from mid-May to mid-August in Oklahoma (36.0° N - 36.2° N) with a peak near June 19 

in 1998. A gradual increase of calls through the season in 1999 is one exception to 

normal May through mid-July peaks. Rosene (1957) only recorded calls in Alabama and 

South Carolina from June 20 to July 10, what he believed to be the period of highest 

nesting activity. 

 

3.1.3 Weather Influences 

While more difficult to control, local environmental conditions can also have an 

influence on detection probability (Anderson 2001). In bobwhites, detection probability 

can vary with wind speed, humidity (Robel et al. 1969), temperature (Bennitt 1951), light 

intensity (Hansen and Guthery 2001), time of day (Bennitt 1951, Hansen and Guthery 
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2001), and time of year. These can all influence perceived abundance. However, to 

date, few published studies have examined this relationship. Bennitt (1951) recorded 

wind velocity, temperature, and a categorical cloud cover (clear, partly cloudy, or 

overcast). Elder (1956) recorded wind velocity, temperature, and relative humidity (as 

vapor pressure deficit). Robel et al. (1969) and Hansen and Guthery (2001) recorded 

these same variables with the addition of light intensity (Robel et al. 1969) and percent 

cloud cover (Hansen and Guthery 2001). For each of the studies, results were largely 

variable and inconsistent (Table 3.1), with the exception of temperature and wind 

velocity. All 4 studies recorded a negative correlation between call counts and 

temperature excepting Elder (1956), who reported a positive correlation for the first year 

of a 2-year study. While Elder (1956), Robel et al. (1969) and Hansen and Guthery 

(2001) all recorded a significant negative correlation between wind velocity and number 

of birds recorded, Bennitt (1951) measured no significant relationship between these 

variables. Instead, wind velocity may influence which birds are recorded. Bennitt (1951) 

recorded experimental results with mean audibility distances of 480-850 m when the 

observer is upwind and 750-1000 m when the observer is downwind. 

Protocol from Burger et al. (2006) proscribes data collection when cloud cover 

exceeds 75%, presumably due to decreased activity. However, separate from light 

intensity (Robel et al. 1969, Hansen and Guthery 2001) the relationship between cloud 

cover and bobwhite calling activity is either not significant (Bennitt 1951, Elder 1956), or 

equivocal at best (Hansen and Guthery 2001). In South Texas, calling activity increases 

following summer rains but call counts during rain is not recommended, presumably due 

to noise considerations (Lehmann 1984).  
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Table 3.1: Correlations between meteorological conditions and number of bobwhite calls 
recorded by previous studies. + = positive correlation, - = negative correlation, 0 = no 
correlation. 

Factor Measured Correlation Reference 

Temperature 

Hourly - (Bennitt 1951) 
Start and end +/- (Elder 1956) 
Per stop - (Robel et al. 1969) 
Hourly - (Hansen and Guthery 2001) 

Wind Velocity 

Hourly 0 (Bennitt 1951) 
Start and end - (Elder 1956) 
Per stop - (Robel et al. 1969) 
Hourly - (Hansen and Guthery 2001) 

Relative Humidity 

Hourly 0 (Bennitt 1951) 
Start and end - (Elder 1956) 
Per stop -/+ (Robel et al. 1969) 
Hourly + (Hansen and Guthery 2001) 

Barometric Pressure Hourly 0 (Bennitt 1951) 

Cloud Cover 
Hourly 0 (Bennitt 1951) 
Hourly -/0 (Hansen and Guthery 2001) 

Light Intensity 
Per stop  0 (Robel et al. 1969) 
Hourly - (Hansen and Guthery 2001) 

 
Environmental condition recording protocols are inconsistent as well. Of the 4 

studies mentioned above, only Robel et al. (1969) recorded meteorological conditions at 

each stop. Elder (1956) recorded conditions prior to first count and after last count. 

Hansen and Guthery (2001) and Bennitt (1951) recorded conditions hourly except 

relative humidity, which Bennitt (1951) recorded from the nearest municipal weather 

station 6:30 AM report. While none of the above authors mentioned recording calls 

during rain, only Hansen and Guthery (2001) and the subsequent protocol from Burger 

et al. (2006) specifically proscribe the practice. 

Breeding season call counts are increasingly used as a cost-effective method to 
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assess bobwhite populations and inform management practices (Reyna et al. 2012). 

Ambiguity in weather influences and inconsistencies in protocol (Table 3.1) inhibit the 

utility of results, making meaningful comparisons of these assessments between 

regions and years problematic (Anderson 2001). Where Robel et al. (1969) recorded 

temperature and wind velocity with each call count, counts were performed at only 20 

locations. Here, I recorded 2 temporal and 6 meteorological variables for >3,600 

individual call counts from >1,100 individual locations to investigate whether increased 

temporal resolution across a ~523,000 ha area would improve our ability to identify 

factors that influence detectability. 

 

 Study Area and Methods 

3.2.1 Study Area 

Calls were recorded in Clay and Montague Counties (Figure 3.1) in the Central 

Great Plains ecoregion of North Texas (Griffith et al. 2004).  

Figure 3.1: Location of study area within Texas. Clay (left) and Montague (right) Counties 
are shaded gray. 
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Vegetation is primarily Mesquite-Lotebush vegetation to the west and Post Oak Woods, 

Forest, and Grassland Mosaic to the east with portions of Post Oak Parks, Mesquite 

Brushland, cropland, and Cottonwood-Hackberry Forest (McMahan et al. 1984). In 

addition to access granted from private ranches, the 2 counties also have ~3,700 km of 

publicly accessible roads (Texas Department of Transportation 2015) from which to 

collect data. 

 

3.2.2 Methods 

Bobwhite calls were recorded at pre-established data collection points (DCPs) 

set approximately 1.6 km apart in as described in Whitt and Reyna (2017). All data 

collection points for this study were located 33.42° N - 34.15° N. Since calling begins 

earlier in southern latitudes (Rosene 1969), as evidenced by Terhune et al. (2006a), I 

began recording calls in mid-May, a week  earlier than recommended by Burger et al. 

(2006). Data was collected 16 May-24 June 2014, 19 May-30 June 2015, 16 May 1-July 

2016, and 16 May 7-6 July 2017.  

Calls were recorded for the first 3 hours after sunrise. It was not feasible to visit 

all points within the 8-week study period by recording only one hour per day as 

recommended by Kabat and Thompson (1963) and Burger et al. (2006). This later 

recommendation is based on results from Hansen and Guthery (2001) who note that 

peak time of calling occurred 30-75 min after sunrise. However, they also note that, 

while extending the listening period to 3 hours resulted in undercounts for high-density 

sites, it had no significant effect on presence/absence detection in low-density sites. 
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Bennitt (1951) also measured the highest activity in the first hour after sunrise but 

calling activity decreased significantly only after hour 3. 

Calls were recorded by trained field technicians, including undergraduate 

volunteers in a few cases. Those lacking prior experience were trained by 

accompanying experienced observers in the field for 1-3 days. Data collected during 

training was used for unreconciled double observer counts (Riddle et al. 2010b). 

Technicians were assigned a pre-determined region each day and provided with a pen, 

a clip board with data collection sheets (Figure 3.2), a hand-help GPS (Garmin, 

GPSMAP® 64st, Olathe, KS, USA) with coordinates of each DCP pre-loaded, and a 

Pocket Weather Meter (Kestrel 3500, Nielsen-Kellerman, Boothwyn, Pennsylvania). 

Beginning at sunrise, members of the data collection team recorded approximate 

distance and direction of each male bobwhite heard during a 5-min listening period 

before continuing to the next DCP. Technicians were instructed to avoid nearby 

obstructions and to move > 20 m from any vehicle before recording to reduce 

interference from the vehicle. Local weather conditions (temperature, dewpoint, relative 

humidity, wind velocity, and barometric pressure) were recorded at each DCP with the 

Pocket Weather Meter. Counts were discontinued when local wind speeds exceeded 16 

kph (Hansen and Guthery 2001). Call counts were conducted regardless of the cloud 

cover percentage recorded but call counts were not conducted during rainfall. 

To standardize counts for statistical analysis, calendar dates were converted to 

Julian dates. Depending on longitude, altitude, and date, local sunrise times varied from 

6:10 AM to 6:32 AM and could vary by as much as 5 min between 2 stops 1.5 km apart. 

For purpose of analysis, “sunrise” was standardized to 6:10 AM and count times were 
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converted to the number of min after 6:10 AM the 5-min data collection period began. 

Drought conditions may reduce nesting and brood rearing in bobwhites (Stanford 

1972a), presumably with a decrease in associated behavior, including male calling 

displays (Bridges et al. 2001, Reyna and Burggren 2012). A nearly 5-year North Texas 

drought was ended early in the 2015 field season (Shaw 2015, National Weather 

Service Forecast Office 2018). For all months with >50 data points, monthly means 

were compared with Palmer Drought Severity Index (PDSI; Palmer 1965) values for 

Clay County obtained from NOAA (NOAA National Centers for Environmental 

Information 2018). An index value of 0 indicates normal conditions. Values below 0 

indicate drought, with -2.0 considered mild drought and -4.0 severe drought. Index 

values above 0 indicate wet periods. While there are valid criticisms of the PDSI (Alley 

1984, Dai et al. 2004), it remains one of the most prominent drought indices used, 

particularly for the central United States (Dai et al. 2004).  

Many statistical analyses depend on an assumption that data is drawn from a 

population with a normal distribution (Zar 1996). This data was not normally distributed. 

It was analyzed for correlation using Spearman’s rank correlation (Zar 1996). In case of 

non-linear relationships, data was also clumped into ranges. Detection probability (pd) 

analysis was performed using the unreconciled double observer method (Riddle et al. 

2010b). Analysis was performed with Presence v. 2.12.9 (U. S. Geological Survey, 

Patuxent, MD, USA), assuming variable site abundance and detection probability. 

Removal model data was collected on a limited number of DCPS due to logistics.  

Removal model data was analyzed using the R-code analysis CountRemoval from 

Farnsworth et al. (2002), based on White et al. (1982). 
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Figure 3.2: Data collection sheet for breeding season bobwhite call counts. 
 

 Results 

Calls were recorded a total of 4,497 times with a median of 2 and mean of 2.60 

+/- 0.044 birds recorded per stop (σ = 2.97). 59 of those stops were censored due to 
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incomplete recording of clock time and/or date, leaving 4,438 records to be used in this 

analysis. Another ~860 stops had one or more weather variables missing due to being 

recorded before final protocol was established, technician oversight, or weather meter 

battery failure. Double observer data was recorded for 558 sites. Removal data was 

collected for 28 sites.  

 

3.3.1 Overall Correlations 

Of the recorded local weather conditions, relative humidity and temperature had 

the highest correlation with number of birds recorded (Table 3.2). Humidity was 

positively correlated with the number of birds recorded (ρ = 0.275, p < 0.001) and 

temperature was negatively correlated (ρ = -0.252, p < 0.001). There were smaller 

negative correlations with time since sunrise, Julian date, and percent cloud cover and a 

small positive correlation with dewpoint temperature.  

Table 3.2: Spearman’s rank correlation coefficient (ρ) for number of bobwhites heard vs. 
recorded temporal and meteorological variables. Date = Julian date, Time = minutes after 
assumed sunrise, Temp = temperature in ºC, RH = relative humidity (%), DP = dewpoint 
temperature (ºC), Wind = wind velocity in m/s, Cloud = cloud cover (%). 

 Date Time Temp. RH DP Wind BP Cloud 

ρ -0.093 -0.187 -0.252 0.275 -0.119 -0.036 -0.111 0.174 
p <0.001 <0.001 <0.001 <0.001 <0.001 0.25 <0.001 <0.001 
n 4352 4281 3821 3767 3643 3979 3697 3638 

 

3.3.2 Correlations by Year 

Correlations with weather and time variables were similar in directions, but not 

magnitude, from year to year (Table 3.3). Two exceptions were Julian date and 

barometric pressure. There was no significant correlation between mean number of 
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birds recorded per DCP heard and Julian date during 2014 or 2015, a strong negative 

correlation in 2016 and a small positive correlation in 2017. 2014 was the only year with 

a negative correlation between barometric pressure and mean number of birds recorded 

(ρ = 0.157). The positive correlations present for 2015-2017 the other years were 25-

60% lower in magnitude.  

Table 3.3: Spearman’s rank correlation coefficient (ρ) for number of bobwhites heard by 
year. Date = Julian date, Time = minutes after assumed sunrise, Temp = temperature in ºC, 
RH = relative humidity (%), DP = dewpoint temperature (ºC), Wind = wind velocity in m/s, 
Cloud = cloud cover (%). 

  Date Time Temp RH DP Wind BP Cloud 

2014 

ρ 0.031 -0.162 -0.259 0.204 - -0.044 -0.157 - 

p 0.406 <0.001 0.001 0.028 - 0.431 0.133 - 

n 702 581 172 116 0 321 93 0 

2015 

ρ -0.022 -0.283 -0.232 0.216 -0.112 -0.079 0.075 0.132 

p 0.549 <0.001 <0.001 <0.001 0.001 0.024 0.031 <0.001 

n 760 825 820 820 819 821 820 815 

2016 

ρ -0.270 -0.140 -0.378 0.283 -0.231 -0.023 0.064 0.294 

p <0.001 <0.001 <0.001 <0.001 <0.001 0.397 0.020 <0.001 

n 1337 1332 1330 1329 1328 1329 1325 1316 

2017 

ρ 0.079 -0.197 -0.131 0.258 -0.026 -0.041 0.120 0.107 

p 0.002 <0.001 <0.001 <0.001 0.307 0.110 <0.001 <0.001 

n 1553 1543 1499 1499 1496 1508 1459 1507 

 

3.3.3 Correlations between Weather and Time Variables 

Temperature was positively correlated with Julian date (ρ = 0.573), and time 

since sunrise (ρ = 0.424) with dewpoint having the strongest correlation with 

temperature (ρ = 0.746; Table 3.4). There was also a positive correlation between Julian 

date and dewpoint (ρ = 0.532). Temperature was negatively correlated with relative 

humidity (ρ = -0.487).  
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Table 3.4: Correlation matrix for independent variables. Date = Julian date, Time = minutes 
after assumed sunrise, Temp = temperature in ºC, RH = relative humidity (%), DP = 
dewpoint temperature (ºC), Wind = wind velocity in m/s, Cloud = cloud cover (%). 

  Date Time Temp RH DP Wind BP Cloud 

Date 

ρ - -0.53 0.573 -0.163 0.532 -0.192 0.010 -0.401 

p - 0.001 <0.001 <0.001 <0.001 <0.001 0.531 <0.001 

n - 4214 3759 3702 3581 3917 3635 3576 

Time 

ρ -0.053 - 0.424 -0.364 0.216 0.292 0.040 0.006 

p 0.001 - <0.001 <0.001 <0.001 <0.001 0.015 0.701 

n 4214 - 3811 3754 3637 3956 3688 3632 

Temp 

ρ 0.573 0.424 - -0.487 0.746 0.000 -0.094 -0.302 

p <0.001 <0.001 - <0.001 <0.001 0.979 <0.001 <0.001 

n 3759 3811 - 3765 3644 3803 3694 3615 

RH 

ρ -0.163 -0.364 -0.487 - 0.017 0.075 0.056 0.336 

p <0.001 <0.001 <0.001 - 0.315 <0.001 0.001 <0.001 

n 3702 3754 3765 - 3646 3762 3693 3614 

DP 

ρ 0.532 0.216 0.746 0.017 - 0.120 -0.102 -0.164 

p <0.001 <0.001 <0.001 0.315 - <0.001 <0.001 <0.001 

n 3581 3637 3644 3646 - 3644 3598 3609 

Wind 

ρ -0.192 -0.292 <0.001 0.075 0.120 - -0.153 0.130 

p <0.001 <0.001 0.979 <0.001 <0.001 - <0.001 <0.001 

n 3917 3956 3803 3762 3644 - 3698 3570 

BP 

ρ 0.010 0.040 -0.094 -0.056 -0.102 -0.153 - 0.065 

p 0.531 0.015 <0.001 0.001 <0.001 <0.001 - <0.001 

n 3635 3688 3694 3693 3598 3698 - 3624 

Cloud 

ρ -0.401 0.006 -0.302 0.336 -0.164 0.130 0.065 - 

p <0.001 0.701 <0.001 <0.001 <0.001 <0.001 <0.001 - 

n 3576 3632 3615 3614 3609 3570 3624 - 

 

3.3.4 Temperature 

Recorded temperatures ranged from 10.5ºC to 33.9ºC. Although there was an 

overall negative correlation between temperature and the number of male birds 

recorded for all 4 years, this correlation does not appear to be a linear relationship. With 

data viewed in a scatterplot (Figure 3.3) the only visible portion of that correlation is a 
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decrease in higher counts at higher temperatures. Breaking the data down into 5-

degree intervals and graphing the means, gives a more pronounced pattern (Figure 

3.4). There was no significant difference in individual per-stop means for temperatures 

ranging from 10ºC to 25ºC. Only at temperatures >25ºC did the mean number of birds 

heard per stop drop significantly.  

 
Figure 3.3: Number or bobwhites recorded per DCP in Clay and Montague Counties, Texas, 
2014-2017 for all temperatures. Each circle represents 1 5-min stop. 

 

 
Figure 3.4: Relationship between mean number of calling male bobwhites recorded per 
data collection point per temperature (ºC) range for Clay and Montague Counties, Texas, 
2014-2017. Error bars represent 95% confidence intervals. 
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3.3.5 Relative Humidity 

Relative humidity had the highest overall correlation with the mean number of 

birds recorded (Figure 3.5; ρ = 0.275 for the 4-year study). Relative humidity ranged 

from 39.1% to 100% but a relative humidty <60% was recorded <100 times out of 3,767 

measurements. Grouping humidity data into 4 range categories (Figure 3.6) shows a 

clear pattern. The mean number of bobwhites recorded per DCP for all 4 ranges above 

60% are statistically distinct from each other. 

 
Figure 3.5: Number or bobwhites recorded per DCP in Clay and Montague Counties, Texas, 
2014-2017 for all relative humidity values. Each circle represents 1 5-min stop. 

 

 
Figure 3.6: Relationship between mean number of calling male bobwhites recorded per 
data collection point per relative humidity (%) range for Clay and Montague Counties, 
Texas, 2014-2017. Error bars represent 95% confidence intervals. 
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3.3.6 Time of Day 

Mean number of birds recorded per DCP was significantly lower >120 min after 

sunrise than <120 min after sunrise (Figure 3.7). Examining mean number of birds 

recorded by half hour shows a similar pattern (Figure 3.8). Again, counts taken >120 

min after sunrise were significantly lower than those taken earlier in the morning.  

 
Figure 3.7: Relationship between mean number of calling male bobwhites recorded per 
data collection point vs number of hours elapsed since sunrise for Clay and Montague 
Counties, Texas, 2014-2017. Error bars represent 95% confidence intervals. 

 

 
Figure 3.8: Relationship between mean number of calling male bobwhites recorded per 
data collection point vs number of minutes elapsed since sunrise for Clay and Montague 
Counties, Texas, 2014-2017 in half-hour intervals. Error bars represent 95% confidence 
intervals. 
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3.3.7 Palmer Drought Severity Index 

Sufficient (n > 10) data were recorded in May and June of all 4 years (2014-

2017) to allow comparison of the PDSI for the month with the mean number of birds 

recorded. There was no significant difference in mean number of birds recorded per 

DCP for those months with a PDSI ≥ 0.66 (Figure 3.9). For months with a PDSI < 0.66, 

individual DCP means were significantly (p < 0.05) lower than all other months with the 

exception of May, 2017 which had a calculated PDSI of 1.21. 

 
Figure 3.9: Mean number of calling male bobwhites recorded per data collection point 
based on the Palmer Drought Severity Index values for Clay and Montague Counties, 
Texas, 2014-2017. Error bars represent 95% confidence intervals. 

 

3.3.8 Detection Probabilities 

Using the unreconciled double observer method (Riddle et al. 2010b) on 558 

sites, pd was calculated to be 0.82. With the removal method used on only 28 sites the 

estimate for pdpa (p̂) was 0.43 ±0.64, giving an estimate of pa as 0.52.  
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 Discussion 

3.4.1 Weather 

Relative humidity had the highest correlation with the mean number of bobwhite 

males recorded per DCA. Hansen and Guthery (2001) also found a positive correlation 

between relative humidity and the number of bobwhites recorded but this differs from 

the findings of other similar studies. Bennitt (1951) found no correlation between relative 

humidity and call indices. Robel et al. (1969) found a negative correlation while Elder 

(1956) noted a negative correlation in 1954 and a positive correlation in 1955. 

Temperature was the second most (though negatively) correlated variable and 

the only other variable besides relative humidity with an absolute value of ρ > 0.2. 

Bennitt (1951) considered temperature a significant enough influence to develop a 

temperature correction factor for adjusting call counts. Robel et al. (1969) and Hansen 

and Guthery (2001) both noted a significant negative correlation between temperature 

and number of bobwhites recorded. Elder (1956) found a positive correlation for 1954 

data and a negative correlation for 1955 data but qualifies the data with a comment that 

temperature was recorded from the listening station locations (rather than 0.8-2.8 km 

away) only during 1955.  

It is unclear why relative humidity should be more strongly correlated with the 

mean number of bobwhites recorded than temperature in my results when the opposite 

is more common in the literature. This could reflect a greater relative importance of 

moisture in semiarid rangeland as all previous studies excepting Hansen and Guthery 

(2001) were conducted in more humid subtropical/continental regions (Kottek et al. 
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2006). More likely, however, it is a consequence of variability in the data and the 

positive covariance between relative humidity and temperature (Table 3.3).  

 Covariance between the multiple individual independent variables (Table 3.3) 

confounds determination of which independent variable (if any) is the most influential of 

the mean number of birds heard per DCP. Curiously, except briefly linking light intensity 

to temperature the time of day (Hansen and Guthery 2001), previous studies did not 

address the relationships between independent variables. Air temperature, wind 

velocity, cloud cover %, and light intensity tend to increase after sunrise while relative 

humidity decreases as air temperature rises (Eagleman 1985). Air temperature tends to 

increase with Julian date through May, June, and July due primarily to increased 

insolation (Arguez et al. 2011, Eagleman 1985). With the exception of dewpoint and 

barometric pressure, correlations between meteorological variables and the mean 

number of birds recorded per DCP can be explained as consequence of the increase in 

temperature over the course of a morning. The timing of Bobwhite reproduction may be 

adapted to avoid harsher conditions of mid to late summer (Guthery et al. 1988). 

Therefore, the decline of bobwhite calls may be a consequence of changes in 

reproductive status at higher temperatures.  

 

3.4.2 Temperature as a Factor in Bobwhite Reproduction Success 

An assumption that temperature is the major driving factor here is a reasonable 

one. A link between drought and bobwhite population declines has long been 

hypothesized. While bobwhite mortality during drought does not appear to increase 

significantly, bobwhite populations tend to decrease during drought years (Stoddard 
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1931a, Jackson 1962). Bridges et al. (2001) found bobwhite populations in Texas 

significantly correlated with the 12-month PMDI (Palmer Modified Drought Index) in a 

region of Texas that includes my study area. Bobwhite population decreases associated 

with drought may be due in part to reduced reproductive success (Stanford 1972a, 

Guthery et al. 2001). Indeed, low rainfall and high temperatures are linked with 

reproductive failure in Gambel’s quail (Callipepla gambelii; Heffelfinger et al. 1999). The 

largest portion of decrease, however, may be a function of diminished reproduction 

effort (Errington 1935, Lehmann 1946, Robinson and Baker 1955, Guthery et al. 2001, 

Guthery et al. 2005). While bobwhite embryos have a high thermal tolerance, a 

significant decrease in hatching rates occurs with exposure to a temperature of 42ºC for 

3 hours (Reyna and Burggren 2012). In the wild, bobwhite tend to avoid temperatures 

>39º C (Forrester et al. 1998, Guthery et al. 2001) and high local temperatures can 

significantly reduce the extent of areas with available nesting sites (Forrester et al. 

1998). Drought or high temperature reduces bobwhite calling activity and shortens the 

bobwhite breeding season (Guthery et al. 1988, Guthery et al. 2000b, Reyna et al. 

2012).The decrease in reproduction effort may be due to interruption of reproductive 

hormone cycles (Guthery et al. 1988, Giuliano et al. 1998).  

 

3.4.3 Time of Day 

Mean number of birds recorded per DCP dropped each hour (Figure 3.7), though 

not significantly except between the second and third hour. There is strong agreement 

amongst published studies that, in aggregate, the number of bobwhites calling peaks ~1 

hour after sunrise, though day-to-day variations are common. Based on these results, 
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90 min after sunrise is probably sufficient for fairly consistent results, and study length 

should not exceed 120 min after sunrise without replications at multiple times (Figure 

3.8).  

 

3.4.4 Detection Probabilities 

My calculated pd of 0.82 was comparable with the 0.69-0.84 estimated by Murray 

et al. (2011) and the 0.80-0.90 given by Riddle et al. (2010c).  The estimate for pdpa (p̂) 

based on the removal method was 0.43 ± 0.64, giving an estimate of pa as 0.52. Riddle 

et al. (2010c) estimated p̂ at 0.46 to 0.61 for a 2.5-min listening period using simulated 

data, giving a range of 0.37-0.55 for pa.  

Indices are widely criticized because they make multiple assumptions, few of 

which can be realistically met in field conditions, and point counts are an imperfect way 

to collect data for these indices (Engeman 2003). When estimating detection probability, 

the double observer method has lower variance than both the removal model and 

distance sampling (Murray et al. 2011). However, Murray et al. (2011) recommend use 

of the removal model for bobwhite in part because it requires fewer personnel than 

double observer method and there are fewer assumption violations than in distance 

sampling. In my case, I opted for the double observer method due to logistics. The 

unreconciled double observer produces estimates very close to other double-observer 

techniques and is easier to implement (Riddle et al. 2010). 

 

3.4.5 Management Implications 

It is difficult to attribute variation in call counts to any single factor or group of 
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factors. While even the most influential of meteorological conditions produced a 

Spearman’s rank coefficient of <0.28, it is sufficient that protocol for call counts should 

include recording these conditions at the time of each point count. Given the high 

variance in counts even for a single location during a single season, I also recommend 

replicate samples. Assuming a detection probability (p̂) of 0.40-0.6 (Riddle et al. 2010c), 

it would require 4-6 visits per site for lack of detection to yield a 95% confidence level of 

species absence (MacKenzie et al. 2003, Pellet and Schmidt 2005).  

In their protocol, Sisson and Terhune (2017) recommend that breeding season 

counts be done at the peak of calling activity. This may be logistically unfeasible for 

large scale surveys and is complicated by the fact that the peak of calling activity can 

vary from year to year, ranging from May (Terhune et al. 2006a) to late July (Robel 

1969). One of the predicted effects of climate change is that breeding season will begin 

earlier in the year (Crick and Sparks 1999, Marra et al. 2005) which would require a 

corresponding change in the timing of call counts.  

If lack of water is not normally the limiting factor in bobwhite reproduction during 

drought (Guthery and Koerth 1992), it seems a reasonable assumption that high 

temperatures are a cue for decreased breeding behavior, including lower call counts. 

Mean annual 2041-2070 temperatures are expected to increase by 2.0-3.2ºC above 

1971-2000 levels in the Rolling Plains and High Plains of Texas (Modala et al. 2017) 

and by 2.2-4.8ºC statewide by 2100 (Jiang and Yang 2012). This is not encouraging for 

the future of bobwhite populations in much of Texas (Reyna and Burggren 2017). 

Climate change may also affect the occurrence of multiple broods. Though rarely 

described in literature (Stanford 1972b, Sermons and Speake 1987), multiple broods 
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appear to have an important role in bobwhite population recovery (Burger Jr et al. 

1995). One would expect an increase in frequency of lethal or near-lethal temperatures 

late in nesting season. This could severely limit attempts at multiple broods even in 

otherwise favorable years. This in turn will diminish the ability of bobwhite populations to 

recover from adverse years. Managers would do well to consider an increased need for 

thermal refugia when making management decisions.  
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CHAPTER 4 

PREDICTING NORTHERN BOBWHITE HABITAT IN SEMIARID RANGELAND USING 

LANDSAT IMAGERY 

Introduction 

Northern Bobwhite (Colinus virginianus) populations in the United States and 

Canada have declined >75% over the last 45 years (Sauer et al. 2018), and have been 

declining regionally for >100 years (Lewis 1863, Thorpe 1869, Judd 1905, Nice 1910, 

Errington and Hamerstrom 1936). The decline has been ascribed to many factors (Allen 

1864, Nice 1910, Leopold 1937, Allen et al. 2004, Hernández et al. 2005), but research 

has generally implicated range-wide habitat loss, fragmentation, and degradation as the 

leading causes (Hernández et al. 2013). Despite >75 years of habitat-driven research 

and management practices, Northern Bobwhite populations continue to decline 

(Hernández et al. 2013). Williams et al. (2004) suggested that this is because our 

current habitat management practices are implemented at the wrong spatial scale. Most 

bobwhite research on habitat to date has been done on a local (<25 km2) scale (Kabat 

and Thompson 1963, Burger and Linduska 1967, Wiseman and Lewis 1981, Taylor et 

al. 1999a, Fies et al. 2002, Oakley et al. 2002, Riddle et al. 2008, Crosby et al. 2013), 

whereas harvest management is usually on a statewide scale (Williams et al. 2004). 

There is a need to transition from both local and statewide practices to more regional 

management (Peterson et al. 2002, Dimmick et al. 2002, Williams et al. 2004, Gomez 

and Reyna 2017). One difficulty with regional management of bobwhite populations as 

proposed by Williams et al. (2004) is that quail managers do not know how large a 

bobwhite population is, or how large it needs to be to allow the population to persist for 
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a set length of time. Estimates based on mathematical models range from 100 to 800 

birds, depending on weather events and harvest (Guthery et al. 2000a, DeMaso et al. 

2011), but these numbers have not been tested. Quail managers need, also, to have a 

practical and reliable method to identify and prioritize bobwhite habitat on a regional 

level in order to determine the extent of the habitat loss and its implication for Northern 

Bobwhite populations. My objective is to use freely available Landsat imagery to identify 

regions of Northern Bobwhite habitat and predict the distribution of bobwhite 

populations within the southern Great Plains region of Texas. 

Scientists have attempted to generate models that relate bobwhite presence or 

abundance to local landscape cover using remotely sensed data for humid subtropical 

regions of the U.S. (Roseberry et al. 1994, Roseberry and Sudkamp 1998, Schairer et 

al. 1999, Peterson et al. 2002, Smith and Burger Jr 2004, Duren et al. 2011). Of these 

studies, only 2 performed their own landscape classification. Roseberry et al. (1994) 

performed a spectral classification on Landsat Thematic Mapper (TM) data and 

combined it with regions manually digitized from aerial photographs or mapped in the 

field. Smith and Burger Jr. (2004) used Landsat Enhanced Thematic Mapper (ETM) 7 

data and Ikonos satellite 4-m resolution imagery to divide their study area into 4 

different land cover categories, or classes. The other models used pre-classified data 

such as USGS Land Use and Land Cover or the National Land Cover Database (Twedt 

et al. 2007), state land cover databases (Roseberry and Sudkamp 1998), the Coastal 

Change Analysis Program (Duren et al. 2011) or the National Agricultural Statistics 

Service (Peterson et al. 2002), further aggregating the pre-classified data into 5-9 

broader classes. Although excellent for detecting trends in land use over time, these 
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pre-classified data are not particularly accurate at fine (~1.08-2.88 ha) scales. (Wickham 

et al. 2010, 2013). Even for level I classifications, such as distinguishing between urban, 

water, grassland and forest, NLCD accuracy averages about 85%. More specific 

classifications have less than 80% accuracy, with those separating grasslands or 

cropland from pasture far lower (Wickham et al. 2013). Another factor overlooked by 

most models is the variety of habitat that is often grouped together under agriculture or 

grass classifications, including hay, pasture, row crops, and fallow fields. In their 

examination of Conservation Reserve Program effects on bobwhite habitat, Roseberry 

et al. (1994) did consider 5 different grass, range, or cropland classes; however, all of 

the other bobwhite habitat models used 1−3 classes. None looked at more than a single 

class of rangeland, such as distinguishing between native and non-native (improved) 

pasture grasses. 

This oversight is of particular importance to regions where most bobwhite habitat 

is located on rangeland, as rangeland varies considerably in the quality of bobwhite 

habitat it provides based on the amount of woody cover, herbaceous cover, percentage 

of bare soil, grass height, and the relative diversity of grass and forb species (Rice et al. 

1993, Kopp et al. 1998, Taylor et al. 1999a). When available, bobwhites tend to use 

mature stands of bunchgrass as nesting cover, (Harshbarger and Simpson 1970, Taylor 

et al. 1999b), though other plants, such as prickly pear (Opuntia spp.) are also used 

(Hernández et al. 2003, Hernández and Peterson 2007). Post-hatch, bobwhites require 

loafing cover for resting during the heat of the day (Stoddard 1931a, Carroll et al. 

2015b), such as brush and small trees (Johnson and Guthery 1988). The presence of 

brush can also be important for nest-site selection (Carroll et al. 2015a). Post-hatch 
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through maturity, bobwhites also require “brood cover” habitat, consisting of shade, 

overhead protection from aerial predators, and food-producing forbs (Handley 1931, 

Stoddard 1931a, Hurst 1972). 

Little bluestem (Schizachyrium scoparium) is perhaps the most important plant in 

semiarid rangeland for Northern Bobwhites. In Texas and Oklahoma, mature little 

bluestem is by far the preferred bunchgrass for nesting cover (Lehmann 1984, 

Townsend et al. 2001). In some studies, bobwhites exhibited a >90% preference for 

little bluestem as a nesting site (Peoples et al. 1996, Hernández et al. 2003). Bobwhite 

are also associated with little bluestem stands outside of nesting season, preferring 

bluestem interspersed with shrubs or other woody cover (Johnson and Guthery 1988, 

Hernández and Peterson 2007, Richardson et al. 2008). Additionally, brood cover 

typically contains little bluestem (Johnson and Guthery 1988, Hernández and Peterson 

2007, Richardson et al. 2008), though bobwhites have a propensity for areas with more 

open ground along with taller vegetation to provide greater visual obstruction from 

above (Taylor et al. 1999b, Hernández and Peterson 2007). Because of its near 

exclusive use as nest sites for bobwhite in my study area, and its strong association 

with other bobwhite habitat types, little bluestem is a major focus of my study.  

Little bluestem is also expected to be easily detectible from satellite imagery. 

During the fall and winter, little bluestem has a distinctive orange-bronze color (Kratsch 

and Hunter 2009, Davis 2011) that can improve the chance of distinguishing it from 

other grasses, particularly when viewing satellite imagery from >1 season (Guo et al. 

2003). This means that locating ≥1 component of bobwhite habitat (i.e., nesting sites) 

based on the reflected color of vegetation may be easier in North Texas and western 
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Oklahoma than in other parts of the bobwhite range, where little bluestem is less 

common and other bunchgrasses are used for nesting cover.  

Quality of rangeland as measured by grass height and percentage of bare 

ground can be detected using Landsat or other satellite imagery (Guerschman et al. 

2003, Röder et al. 2008). Reduced vegetation as produced by overgrazing increases 

surface albedo (Jackson et al. 1975), which can also be detected (Michalek et al. 2001). 

Loafing cover (cn) types such as shrubs and other aerial cover are also identifiable in 

aggregate from satellite imagery (Boyd 1986, Afinowicz 2004), although we may not 

reliably be able to detect smaller scale brood cover. However, the limited home range 

and movement of bobwhites (Terhune et al. 2006c, Brennan et al. 2014) would strongly 

imply that brood cover will be located near nesting and loafing cover. Based on this 

assumption, a bobwhite habitat model based on the presence/absence of little bluestem 

and other cover types that are detectable through satellite imagery is feasible for my 

study area.  

The Landsat program is one of the most commonly used sources of remote 

sensing imagery due to its >40-year history and low cost data (Jensen 2005, USGS 

2013). Landsat 8 scenes include 11 bands of data (USGS 2013), each formatted as a 

black and white raster image and covering a different portion of the electromagnetic 

spectrum (Table 4.1). These bands can be used to gather information about vegetation 

type and vegetation health (Lauver and Whistler 1993, Harvey and Hill 2001, Sims and 

Gamon 2002, Schmidt and Skidmore 2003, Sims and Gamon 2003) though the 

discriminatory power may be lower in arid regions (Okin et al. 2001). Using Landsat 
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imagery, I hypothesize that we can predict the location of specific components of 

bobwhite habitat and, therefore, bobwhite populations in my study area. 

Table 4.1: Landsat 8 bands, wavelengths, and resolutions (USGS 2013). Before 
classification, band 8 was discarded and bands 10 and 11 were resampled to the same 30-
meter resolution as bands 1-7 and 9 (Xian and Crane 2006, Deng and Wu 2013). 

Band Wavelength 
(µm) 

Resolution 
(m)  

1 0.43-0.45 30  
2 0.45-0.51 30  
3 0.53-0.59 30  
4 0.64-0.67 30  
5 0.85-0.88 30  
6 1.57-1.65 30  
7 2.11-2.29 30  
8 0.50-0.68 15  
9 1.36-1.38 30  

10 10.60-11.19 100  
11 11.50-12.51 100  

 

 

 Study Area 

The study area for this project was Clay County, located in the Central Great 

Plains ecoregion of North Texas. (Griffith et al. 2004). Clay County (2,844 km2) 

consisted of >56% pasture, crop- and rangeland (Homer et al. 2015, USGS 2015).Clay 

County also had >1,800 km of publicly accessible roads from which to collect data in 

addition to access granted from private ranches. The vegetation was primarily 

Mesquite-Lotebush vegetation with portions of Post Oak Parks, Mesquite Brushland, 

cropland, and Cottonwood-Hackberry Forest to the north, along the Red River 

(McMahan et al. 1984). 
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Climate in Clay County is characterized by hot summers and cool winters. Mean 

monthly low temperatures in Henrietta, the county seat, range from -2°C in January to 

22°C in July. Mean monthly high temperatures range from 12°C in January to 36°C in 

August. Mean annual precipitation in Henrietta 1981-2010 was 83 cm with May, June, 

and October the wettest months (Arguez et al. 2011). Monthly precipitation amounts as 

measured at the nearest official National Weather Service recording station ranged from 

0 cm for May, 2014 to 43 cm for May, 2015 (National Weather Service 2015, National 

Weather Service 2016). 

 

 Methods 

I established data collection points for recording quail breeding calls and habitat 

information along public roads and on private ranches across Clay County. I selected 

points based on the local landscape to avoid establishing points in areas that would 

prohibit hearing calls (i.e., behind trees or in low lying areas). Bobwhite vocalizations 

can be heard up to 1 km away under ideal conditions (Rusk et al. 2007) with mean 

distances of 500-800 m as determined by field tests (Bennitt 1951). To minimize 

overlap, points were located 1-2 km apart. Points were placed at a suitable location, 

usually the top of a hill or small rise, nearest to a 1.6 km straight-line distance from a 

previously established point. I recorded coordinates (latitude and longitude) of each 

point with a handheld GPS (Garmin, GPSMAP® 64st, Olathe, KS, USA).  

To create a Clay County quail population index, field technicians recorded 

bobwhite breeding season calls at each point. The date of peak bobwhite calling activity 

can vary from year to year. Peaks typically occur between 1 June and 10 July (Bennitt 
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1951, Rosene 1957, Robel et al. 1969, Rosene 1969). I recorded calls from 16 May-24 

June 2014 and 19 May-30 June 2015, as calling begins earlier in southern latitudes 

(Rosene 1969). All field technicians were trained by accompanying experienced 

observers in the field prior to the start of call counts. Each technician was assigned a 

region each day and provided with a pen, map, a compass to determine cardinal 

directions, a clip board with data recording sheets, a hand-held GPS with the 

coordinates of each point, and a Kestrel 3500 Weather Meter (Nielsen-Kellerman, 

Boothwyn, PA, USA). Beginning at sunrise, technicians recorded the approximate 

distance and direction of each male bobwhite heard for a 5-min duration (Elder 1956, 

Terhune et al. 2006a). Technicians were instructed to move >20 m from the vehicle 

before recording. Local weather conditions were recorded at each stop using the Pocket 

Weather Meter. As listening times in the third hour after sunrise give negligible 

undercounts for lower density sites (Hansen and Guthery 2001) and calling activity 

drops significantly after the third hour (Bennitt 1951), data collection was limited to a 3-

hour period following sunrise. An increase in wind speed is significantly negatively 

correlated with the number of bobwhites audible (Bennitt 1951, Robel et al. 1969, 

Hansen and Guthery 2001), so technicians did not record if local winds exceeded 16 

kph. Call counts were not conducted during rain (Hansen and Guthery 2001). A 

replicate survey of all points was logistically unfeasible but 80.1% (545/673) were visited 

2 or more times during the 2 year study. The number of male bobwhites recorded at 

each point was averaged before analysis. 

For improved visualization, the call count data was interpolated (Valley et al. 

2005), a transformation of point measurements into a 2-dimensional x-y raster surface 
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with pixel “brightness” values representing the z-axis. In this case, I used the number of 

bobwhites recorded as the z-value. Converting the call count data to raster format has 

another advantage in that it is easier to make regional comparisons between different 

years. There are >15 methods for interpolation (Triebel 1995). Because the numbers of 

bobwhites heard per listening station can vary, interpolation was performed by Kriging 

(Krige 1951), an interpolation method designed to accommodate multiple values for 

single points (Matheron 1963) in order to estimate a variable local mean (Saito et al. 

2005). Kriging was performed in ArcMap 10.1 at the default resolution (~270 m on this 

map) using the nearest 6 points, based on bobwhite detection probability from Riddle et 

al. (2010a) and Pellet and Schmidt’s (2005) method to determine the number of site 

visits required to infer absence. The maximum radius was set at 6 km, the maximum 

seasonal distance travelled by bobwhites as reported by Fies et al. (2002). 

To address habitat assessment for the model, I downloaded imagery acquired by 

Landsat 8 from 2 different seasons (July 11, 2015 and December 18, 2015) from the 

USGS Earth Explorer website (http://earthexplorer.usgs.gov). Dates were determined 

by the availability of high summer images (brush assessment) and early winter images 

(locating stands of little bluestem) with 0% cloud cover. For analysis, I resampled the 

thermal IR bands to the same 30-meter resolution as bands 1-7 and 9 (Xian and Crane 

2005, Deng and Wu 2013) using the nearest neighbor interpolation in order to retain 

original brightness values. To make the data easier to use, I combined individual raster 

layers into a single file for each season using the GeoTIFF format. While the Landsat 

panchromatic layer can result in improved classification due to more precise positional 

location of features, the effect is greatest in urban environments (Sunar and Musaoglu 

http://earthexplorer.usgs.gov/
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1998). Masek et al. (2001) found the difference in classified areas to be ≤3%. The 

panchromatic band was discarded and National Agriculture Imagery Program (NAIP) 

imagery (30 June, 2014) with ≤1 m resolution was used to assist with classification and 

location. Because Clay County lies on a boundary between 2 horizontal Landsat rows, 

each season required 2 Landsat scenes to be combined; path 28, row 36 and path 28, 

row 37. I combined 2 scenes for each date into one using the Mosaic to New Raster tool 

in ArcMap v. 10.1 (Environmental Systems Research Institute, Redlands, CA, USA) and 

the blend option so each pixel value in the overlapping region was determined by the 

image with the viewing angle closest to 90º. The new rasters were then cropped to the 

area of interest to create 2 single-date 30-m resolution coverages of Clay County with a 

1-km buffer. 

I performed an unsupervised ISO classification on each GeoTIFF in ArcMap. 

Pixels were grouped into 100 clusters mathematically based on their reflective 

properties (Jensen 2005). I then assigned clusters to land cover categories by analysis 

of NAIP aerial photography and Google Earth v. 7.1.5.1557 (Google, Menlo Park, CA, 

USA). To evaluate the classification, 200 pixels (100 for little bluestem due to scarcity in 

accessible regions) were selected from each of the major classes at random for those 

that could be assessed from high-resolution aerial imagery (water, forest, brush, bare 

ground) or at random within accessible areas for classes that had to be evaluated in situ 

(grasses, bluestem). I exported these into a shapefile and then converted them into 

Keyhole Markup Language (KML) and GPS Exchange Format (GPX) files using DNR 

GPS v. 6.1.0.6 (Minnesota Department of Natural Resources, St. Paul, MN). Accuracy 

was assessed through Google Earth imagery and by in situ evaluation by automobile or 
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ATV using a handheld GPS for navigation. Local heterogeneity made classification 

more problematic. Classification of pixels evaluated by aerial imagery were considered 

correctly classified if > 50% of the pixel in question matched the predicted land cover. 

The same threshold was used for pixels evaluated in situ, excepting those divided by 

fences or ranch roads. For divided pixels, the threshold was 33%.  

In order to score each land cover type based on its utility for bobwhite, I 

simplified the bobwhite habitat requirements into nesting cover, shade (overhead 

cover), and food. Little bluestem (nesting cover) was weighted at 0.5 because 

bobwhites almost exclusively use this plant for nesting in the southern Great Plains 

(Peoples et al. 1996, Hernández et al. 2003) and it was relatively rare, occurring in 

detectable amounts in < 8% of the study area (Rick et al. 2009). Shade and food were 

each weighted at 0.25. In theory, any plant taller than a bobwhite can provide overhead 

cover and the bobwhite diet is so varied in plants and insects (Judd 1905, Nice 1910, 

Brennan and Hurst 1995, Butler et al. 2012) that most land cover types provide one or 

both of those requirements for at least part of the year. Each land cover type was then 

given a score based on which requirements were met and whether those requirements 

were provided for part of the year (× 0.5) or for the entire year (× 1.0). For example, 

cropland can provide both shade and food but Landsat imagery shows that cropland is 

bare or near bare in December during planting season, and in July following a harvest 

so neither food nor shade is available year round. This applies both to wheat and to cool 

season grasses which make up the vast majority of crops grown in Clay County so 

cropland was scored as [0.25(0.5) + 0.25(0.5)], or 0.25 total. Bare soil provides no 

shade but can provide food at least part of the year (Baker and Guthery 1990) because 
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seeds from nearby plants are exposed. Where this was applicable, bare ground was 

scored as 0.25(0.5) = 0.125. Individual habitat type scores ranged from 0.0 to 1.0 (Table 

4.2).  

Table 4.2: Land cover classes, subclasses, and relative habitat suitability scores. 
Subclasses were scored based on division of bobwhite habitat requirements into nesting 
cover, shade (overhead cover), and food and range from 0 (poor) to 1.0 (excellent).  

Class Subclass Value 

Water 
Water 0.0 
Silty Water 0.0 
Flooded Regions 0.25 

Forest 

Bottomland Hardwood 0.375 
Other Deciduous 0.5 
Mixed/Unclassified 0.5 
Scattered trees 0.5 

Brush Brush 0.5 

Grasses 

Cropland 0.25 
Rangeland (< 10 cm) 0.25 
Rangeland (< 10 cm) with brush 0.375 
Rangeland (10-20 cm) 0.375 
Rangeland (10-20 cm) with brush 0.50 
Rangeland (> 20 cm) 0.75 
Rangeland (> 20 cm) with brush 0.875 

Little Bluestem 
Bluestem 0.875 
Bluestem with brush 1.0 

No Vegetation 
Concret/Urban 0.0 
Bare Soil 0.125 

 
Once scored, 2 new rasters, one for July and one for December were created 

using the habitat suitability score as the pixel values through the ArcMap Lookup tool. 

To combine the 2 into a single value, the value of each pixel in one raster was multiplied 

by the value in the corresponding pixel in the other raster to create a new raster of 

estimated year-round habitat suitability (Figure 4.1).  
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Figure 4.1: Clay County habitat scores based on land cover classes derived from 30-meter 
resolution Landsat 8 imagery acquired July 11, 2015 and December 18, 2015. Value is 
based on utility for bobwhite where nesting cover = 0.5, year-round brood/loafing/aerial 
cover = 0.25, and year-round food availability = 0.25. Inset shows study area location within 
Texas. 
 
Multiplication was chosen to increase the variance while maintaining habitat values ≤ 

1.0. The habitat suitability map had a 30-meter pixel resolution derived from 30-meter 

resolution raster data while the call count maps had a ~270-m pixel resolution derived 

from points 1-2 km apart. The habitat suitability map also needed to be smoothed to 

moderate the negative habitat bias of gravel or bare soil and mowed right-of-ways 
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associated with the roads where most call count data was collected. Terhune et al. 

(2006c) reported a maximum mean daily movement of 298 meters for resident 

bobwhites so each cell in the habitat map was given the mean score of a 300-m radius 

circle surrounding the cell using the Focal Statistics tool. This score was assumed to 

represent the aggregate quality of habitat any particular male may have traveled 

through that day. The habitat suitability map was then resampled to the same pixel 

resolution as the call count raster. I extracted the habitat value at each point to give a 

series of values to statistically compare with the bird count data taken at the same 

points. Like the aforementioned call count data, the habitat values at the points were 

then interpolated using Kriging through the nearest 6 points. Performing the same 

operation used for the call count data provided an easily interpreted conservation tool 

for visualizing the estimated quality of bobwhite habitat across multiple properties.  

 

 Results 

Bobwhite calls were recorded at 545 locations in 2014 and 673 in 2015 for a total 

of 1,218. The mean number of bobwhite calls per location was significantly correlated 

(Spearman’s rank ρ, n = 673, x̄ = 2.88, ρ = 0.31, P < 0.0001) with the estimated 

(smoothed) habitat value (Figure 4.2), indicating that likely candidates for the location of 

bobwhite populations can be predicted using Landsat imagery. For visual comparison, 

the map generated using only the estimated habitat data from the same points as where 

the call count data was recorded (Figure 4.3B) looks visually similar to the map 

generated from the call count data (Figure 4.3A).  
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Figure 4.2: Raw number of birds recorded at each data collection point (DCP) as a function 
of mean estimated habitat score based on Landsat 8 imagery.  

 

 
Figure 4.3: Estimate of surface values interpolated via Kriging from 1,218 call counts at 
673 data collection points. (A) Interpolation based on number of male bobwhites heard at 
each data collection point. (B) Mean estimated habitat values within a 300 meters of point 
based on classification of Landsat 8 imagery. Inset shows study area location within 
Texas. 
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Accuracy for the land cover classification ranged from 100% for water to 66% for 

brush (Table 4.3).  

Table 4.3: Land cover classification accuracy. Main class accuracy is a percentage. For 
subclasses, ratios are shown. Test pixels were selected from each class either at random 
(water, forest, brush, bare ground) or at random within 30 meters of roads or on properties 
that allowed access (grasses, bluestem). Accuracy for water, brush, and forest was 
assessed using Google Earth. Accuracy for grasses was assessed by travel to the test 
pixel. 

Class Accuracy Subclass Accuracy 

Water 100% 
Water 178/178 
Silty Water 18/18 
Flooded Regions 3/3 

Forest 93% 

Bottomland Hardwood 74/79 
Other Deciduous 22/29 
Mixed/Unclassified 66/86 
Scattered trees 4/6 

Brush  66% Brush 132/200 

Grasses 87.5% 

Cropland 34/40 
Rangeland (< 10 cm) 19/28 
Rangeland (< 10 cm)with brush 4/8 
Rangeland (10-20 cm) 20/33 
Rangeland (10-20 cm)with brush 6/9 
Rangeland (> 20 cm) 11/17 
Rangeland (> 20 cm) with brush 3/5 

Little Bluestem 73% 
Bluestem 52/76 
Bluestem with brush 17/24 

No Cover 93.5% 
Concrete/Urban 105/138 
Bare Soil 35/62 

 
The accuracy for little bluestem was 73%. Interestingly, 24 of the 27 false positives for 

little bluestem were broomweed (Amphiachyris spp.), not nesting cover but still a 

potentially useful brood cover plant. (Chenault 1940, Lehmann and Ward 1941). 

Subcategory classification within the grasses was less successful. Rangeland was 
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distinguished correctly from cropland 85% of the time but only 68% of the rangeland 

classes were correctly identified with differences in plant height accounting for most of 

the error. Surface completely lacking plant cover could be identified correctly 93.5% of 

the time but classification process could not reliably distinguish between concrete and 

bare soil or rock. 

 

 Discussion 

Although the habitat model generated from the 2015 data significantly correlated 

with the number of male bobwhites heard, the overall correlation was relatively low (ρ = 

0.31). I demonstrated that little bluestem, as detected from satellite imagery, could 

predict bobwhite presence when combined with additional land cover data in a 

simplified additive model. Future model performance may be improved by considering 

additional factors. For example, bobwhite density may be inversely correlated with 

mean land parcel size or (Patten et al. 2005) or oil well density (Doherty et al. 2008, 

Carpenter et al. 2010). Habitat models vary greatly in predictive ability and are typically 

limited to a single region (Fielding and Haworth 1995). An increase in accuracy locally 

may decrease the applicability of the model to other regions, a factor that must be 

considered as I refine and test this model in additional locations within the Central Great 

Plains ecoregion of North Texas 

One source of error for my current model was classification inaccuracies. Little 

bluestem can be detected using freely available Landsat imagery but type and grass 

height in rangeland is more difficult to distinguish, at least with the techniques described 

here. Error rates were higher in the landscape categories most likely to contain 

bobwhite; rangeland and rangeland with brush. The majority (~80%) of these 
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classification errors were in situ grass height being either taller or shorter than 

predicted. There may also be limitations on the utility of the image data for performing 

detailed, large scale analyses. For example, brush was more reliably detectable in the 

eastern portion of the study area than in the western portion, suggesting that subtle 

differences in satellite viewing angle influence reflected color. Future classifications may 

be made using data provided by The ESA’s Sentinel program, which has a higher 

orbital altitude and narrower sensor footprint than Landsat (Drusch et al. 2012, 

Malenovský et al. 2012). 

The weather in 2015 presented another confounding factor. Spring and summer 

rains in 2015 caused widespread flooding throughout Clay County after 4 years of 

extreme drought (Wang et al. 2015). Some data points were inaccessible for days or 

weeks. Above average precipitation continued into December and several mis-classified 

pixels were directly attributable to higher than normal soil moisture. In an extreme 

example, 4 test pixels in low-lying portions of recently planted cropland were classified 

as forest.  

The limitations of single-observer roadside counts are well documented 

(Anderson 2001, Rosenstock et al. 2002, Royle and Nichols 2003, Applegate et al. 

2011). The number of birds heard at each point represent an unknown fraction of the 

true number of birds within hearing range. However, single-observer counts are often 

the most efficient way to survey a large area, despite their variance. In order to 

determine the true number of birds at each point, one must know the probability of 

detecting an individual bird (Nichols et al. 2000). Future point counts might better make 

use of multiple observer (Nichols et al. 2000, Alldredge et al. 2006) and removal model 
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(Farnsworth et al. 2002) techniques in order to estimate probability of detection.  

It should also be noted that this is a landscape-level evaluation. It can identify 

regions with probable bobwhite populations, or at least those with potential, but it may 

be of little use on a finer scale within those areas. While Duren et al.  (2011) found 

landscape-level factors had a greater influence on distribution than local variables, there 

is still considerable variation in local distribution. The factors influencing local 

distribution may not be known or, if known, may not be detectable from satellite 

imagery.  

 

 Management Implications 

The National Bobwhite Technical Committee (2011) recommended conservation 

policies be considered at ecoregion levels of 25,000-300,000 km2. As management 

focus moves from a local to a regional scale, there is an increased need for regional 

data on habitat quality and bobwhite populations as well as data that can be used 

across multiple scales (Gomez and Reyna 2017). This analysis is on a smaller scale, 

<3,000 km2; however, the techniques used in this study can be applied on an ecoregion 

scale, with the potential to identify focal areas across all of the Cross Timbers region in 

Texas and much of the Central Great Plains to assist with prioritizing use of scarce 

resources in identifying these focal areas. It can also help with locating populations 

susceptible to local extirpation as well as regions of marginal habitat to consider for 

rehabilitation (Williams et al. 2004). 
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CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Despite numerous studies investigating bobwhite genetic differentiation and 

connectivity at differing geographic scales, (Evans et al. 2012, Berkman et al. 2013, 

Miller et al. 2014, Williford et al. 2014, Williford et al. 2016), few have acknowledged that 

the observed pattern may in part be due to artificial conditions. Millions of translocated 

and captive-reared bobwhites have been transported and released throughout the 

species’ historical range for more than 150 years as described in chapter 2 (Whitt et al. 

2017). The consequences of these translocations and the releases are unknown. 

Researchers have only recently begun using genetic methods to investigate bobwhite 

demographics in a comprehensive manner. More research is needed to investigate 

whether such history of moving birds for management purposes has influenced the 

genetic structure observed across the species’ contemporary range, and to what degree 

such patterns may have limited the species’ ability to persist at the local level.  

Experimental evidence suggests that translocations of bobwhites perform better 

when the translocated birds are of native origin (Nedbal et al. 1997). A century after 

Phillips (1915) suspected that native Massachusetts bobwhite had been diluted by ~60 

years of translocations, it is unlikely that many local populations consist only of native 

birds. Population restoration has become an important goal for state wildlife agencies 

over the last three decades (National Bobwhite Technical Committee 2011). Local 

population history is something for wildlife managers to consider when planning a 

restoration with translocated birds.  
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A method to assess the population is an essential part of any species restoration 

plan. For bobwhite, this usually takes the form of breeding season call counts (Chanda 

et al. 2009, Klinger 2011). Breeding season call counts are a cost-effective, if somewhat 

unreliable method to assess quail populations (Reyna et al. 2012). Proper 

understanding of how external factors affect call counts is integral to future monitoring of 

bobwhite populations. 

I analyzed weather variables recorded during ~3,800 5-min breeding season call 

counts, a larger sample size than any other similar study in bobwhites excepting Bennitt 

(1951). Humidity (ρ = 0.275, p < 0.001) and temperature (ρ = -0.252, p < 0.001) were 

the weather variables most correlated with the mean number of bobwhites recorded per 

Data Collection Point (DCP). Temperature and time since sunrise (ρ = -0.187, p < 

0.001) results were consistent with other studies. Other relationships between weather 

variables and the number of bobwhites recorded are more ambiguous, both here and in 

the literature. Covariance between some of the weather variables can be partially 

explained by normal meteorological changes that occur between dawn and mid-

morning. Future use of principal component analysis or other multivariate analyses on 

this data may provide a clearer understanding of what still appears to be primarily driven 

by stochastic processes.  

For future call counts, I recommend that weather conditions be recorded at every 

stop. While it is also recommended that call counts be made at the peak of the bobwhite 

breeding season, that peak is variable and often not known until after the fact. With the 

potential for breeding season to begin earlier (Marra et al. 2005, Canale and Henry 

2010), I would also suggest beginning call counts 2-3 weeks earlier than the late May 
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recommended by Burger et al. (2006).The method for estimating probability of detection 

should be a logistical decision. Use of the removal method requires fewer personnel 

while the double observer method requires less time. The number of visits to individual 

points should be determined by the goals of the study, detection probability, and 

logistics as it can take 6 or more visits to produce a 95% confidence level of absence 

(MacKenzie et al. 2003, Pellet and Schmidt 2005).  

Where the locations of bobwhite populations are not known, use of satellite 

imagery can inform wildlife managers on how best to allocate resources for call counts 

and other census methods, particularly in semiarid rangeland in the southern Great 

Plains. I scored an unsupervised classification of Landsat imagery based on perceived 

habitat utility (nesting cover, loafing and/or escape cover) for bobwhites. There was a 

moderate, statistically significant correlation (ρ = 0.31, P < 0.0001) between the number 

of males recorded at a DCP and the predicted habitat score. I also demonstrated that 

~0.1 ha and larger areas of little bluestem can be identified using satellite imagery. 

Classification accuracy was relatively low (66%) for brush and distinguishing between 

different classes of rangeland (68%), mostly in regard to grass height. Future studies 

may improve accuracy through use of higher spectral and/or spatial resolution imagery. 

Where available, Lidar data can provide detailed information on vegetation height (Bork 

and Su 2007). Future models may also include date on anthropogenic features, such as 

oil and gas wells (Doherty et al. 2008, Carpenter et al. 2010) and, where data is 

available, population or parcel density (Patten et al. 2005).  

The ability to identify little bluestem is perhaps the most relevant to locating 

potential bobwhite populations. While not yet tested with a model, observations made at 
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DCPs in Montague County, Texas and Jefferson County, Oklahoma (Chapter 4) 

suggest that simply locating larger (>10 ha) regions of little bluestem may be sufficient 

to prioritize some regions for more labor-intensive methods such as detailed models or 

call counts. Development of a spectral signature (Hoffer and Johannsen 1969) for little 

bluestem could greatly facilitate the process of locating possible habitat in satellite 

imagery, even in Landsat data from decades ago.  

My study covered a region of <300,000 ha but this approach can easily be 

applied to an even larger geographic coverage. A single Landsat scene covers 

~3,000,000 ha (USGS 2013). As bobwhite management focus moves towards a more 

regional scale (Gomez and Reyna 2017), remotely sensed imagery can be useful in 

locating both remnant bobwhite populations and regions with potential for restoration 

and reintroduction.  

 

 Literature Cited 

Berkman, L. K., C. K. Nielsen, C. L. Roy, and E. J. Heist. 2013. Population genetic 
structure among bobwhite in an agriculturally modified landscape. The Journal of 
Wildlife Management 77:1472-1481. 

Bork, E. W., and J. G. Su. 2007. Integrating LIDAR data and multispectral imagery for 
enhanced classification of rangeland vegetation: A meta analysis. Remote 
Sensing of Environment 111:11-24. 

Burger, L. W., M. D. Smith, R. Hamrick, B. Palmer, and S. Wellendorf. 2006. CP33-
habitat buffers for upland birds monitoring protocol. . 

Canale, C. I., and P. Henry. 2010. Adaptive phenotypic plasticity and resilience of 
vertebrates to increasing climatic unpredictability. Climate Research 43:135-147. 

Carpenter, J., C. Aldridge, and M. S. Boyce. 2010. Sage-grouse habitat selection during 
winter in Alberta. Journal of Wildlife Management 74:1806-1814. 



102 
 

Chanda, D., D. L. Herrighty, A. W. Burnett, and J. R. Garris. 2009. New Jersey Northern 
Bobwhite Action Plan. NJDEP Division of Fish & Wildlife, Trenton, New Jersey, 
USA. 

Doherty, K. E., D. E. Naugle, B. L. Walker, and J. M. Graham. 2008. Greater sage-
grouse winter habitat selection and energy development. Journal of Wildlife 
Management 72:187-195. 

Evans, K. O., L. W. Burger Jr., and W. E. Palmer. 2012. Genetic structure of northern 
bobwhites in northeast Mississippi and southwest Tennessee. Proceedings of the 
National Quail Symposium 7:244-250. 

Gomez, L. J., and K. S. Reyna. 2017. An evaluation of northern bobwhite conservation 
research: a call for large-scale studies. Proceedings of the National Quail 
Symposium 8:119-131. 

Klinger, S. R. 2011. Northern Bobwhite Quail Management Plan for Pennsylvania 2011-
2014. Pennsylvania Game Commission, Bureau of Wildlife Management, 
Harrisburg. 

MacKenzie, D. I., J. D. Nichols, J. E. Hines, M. G. Knutson, and A. B. Franklin. 2003. 
Estimating site occupancy, colonization, and local extinction when a species is 
detected imperfectly. Ecology 84:2200-2207. 

Marra, P. P., C. M. Francis, R. S. Mulvihill, and F. R. Moore. 2005. The influence of 
climate on the timing and rate of spring bird migration. Oecologia 142:307-315. 

Miller, K. S., L. A. Brennan, R. DeYoung, F. Fidel Hernández, and X. B. Wu. 2014. 
Landscape effects on gene flow and genetic structure of Northern bobwhite in 
Texas and the Great Plains. Proceedings of the Annual Texas Wildlife Society 
Conference 49. 

National Bobwhite Technical Committee. 2011. The national bobwhite conservation 
initiative: a range-wide plan for recovering bobwhites. National Bobwhite 
Technical Committee Technical Publication, Ver 2. 

Nedbal, M. A., R. L. Honeycutt, S. G. Evans, R. M. Whiting Jr, and D. R. Dietz. 1997. 
Northern Bobwhite restocking in East Texas: a genetic assessment. The Journal 
of Wildlife Management 61:854-863. 

Patten, M. A., D. H. Wolfe, E. Shochat, and S. K. Sherrod. 2005. Habitat fragmentation, 
rapid evolution and population persistence. Evolutionary Ecology Research 
7:235-249. 

Pellet, J., and B. R. Schmidt. 2005. Monitoring distributions using call surveys: 
estimating site occupancy, detection probabilities and inferring absence. 
Biological Conservation 123:27-35. 



103 
 

Phillips, J. C. 1915. The old New England bob-white. The Auk 32:204-207. 
<http://www.jstor.org/stable/4072430>. 

USGS. 2013. Landsat: A Global Land-Imaging Mission: U.S. Geological Survey Fact 
Sheet 2012-3072. U. S. Geological Survey, Sioux Falls, South Dakota, USA. 

Whitt, J. G., J. A. Johnson, and K. S. Reyna. 2017. Two centuries of human‐mediated 
gene flow in northern bobwhites. Wildlife Society Bulletin 41:639-648. 

Williford, D., R. W. DeYoung, R. L. Honeycutt, L. A. Brennan, F. Hernández, E. M. 
Wehland, J. P. Sands, S. J. Demaso, K. S. Miller, and R. M. Perez. 2014. 
Contemporary genetic structure of the Northern Bobwhite west of the Mississippi 
River. The Journal of Wildlife Management 78:914-929. 

Williford, D., R. W. Deyoung, R. L. Honeycutt, L. A. Brennan, and F. Hernndez. 2016. 
Phylogeography of the bobwhite (Colinus) quails. Wildlife Monographs 193:1-49. 

 

http://www.jstor.org/stable/4072430

	ACKNOWLEDGEMENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER 1. RESEARCH INTRODUCTION
	1.1 Literature Cited

	CHAPTER 2. TWO CENTURIES OF HUMAN-MEDIATED GENE FLOW IN NORTHERN BOBWHITES
	2.1 The Northern Bobwhite Population Decline
	2.2 Translocations of Wild Birds
	2.3 International Shipments of Wild Bobwhites
	2.4 State Game Farms
	2.5 Private Game Farms
	2.6 Survival Rate
	2.7 Other Species
	2.8 Conclusions
	2.9 Literature Cited

	CHAPTER 3. METEOROLOGICAL CONDITIONS INFLUENCING FREQUENCY AND AUDIBILITY OF NORTHERN BOBWHITE SONG
	3.1 Introduction
	3.1.1 Detection Probabilities
	3.1.2 Behavioral and Timing Aspects
	3.1.3 Weather Influences

	3.2 Study Area and Methods
	3.2.1 Study Area
	3.2.2 Methods

	3.3 Results
	3.3.1 Overall Correlations
	3.3.2 Correlations by Year
	3.3.3 Correlations between Weather and Time Variables
	3.3.4 Temperature
	3.3.5 Relative Humidity
	3.3.6 Time of Day
	3.3.7 Palmer Drought Severity Index
	3.3.8 Detection Probabilities

	3.4 Discussion
	3.4.1 Weather
	3.4.2 Temperature as a Factor in Bobwhite Reproduction Success
	3.4.3 Time of Day
	3.4.4 Detection Probabilities
	3.4.5 Management Implications

	3.5 Literature Cited

	CHAPTER 4. PREDICTING NORTHERN BOBWHITE HABITAT IN SEMIARID RANGELAND USING LANDSAT IMAGERY
	4.1 Introduction
	4.2 Study Area
	4.3 Methods
	4.4 Results
	4.5 Discussion
	4.6 Management Implications
	4.7 Literature Cited

	CHAPTER 5. SUMMARY AND CONCLUSIONS
	5.1 Literature Cited




