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ABSTRACT

The Northern Bobwhite Conservation Initiative (NBCI) seeks to reverse northern 

bobwhite (Colinus virginianus) declines across the species’ range.  The goal for the 

Texas portion of the Shortgrass Prairie Bird Conservation Region (TBCR 18) is to add 

18,933 new coveys to those already in existence.  Rangeland has the most potential for 

adding useable northern bobwhite habitat to TBCR 18.  The Environmental Quality 

Incentives Program (EQIP) holds promise for rangeland management practices that are 

beneficial to northern bobwhite.  The objectives of my study were to 1) examine northern 

bobwhite population responses to eligible EQIP practices, which are prescribed grazing 

and brush management, and 2) to evaluate the relationship between quail abundance and 

habitat characteristics in an effort to provide specific recommendations for habitat 

management in TBCR 18.  Northern bobwhite abundance was related to neither EQIP 

prescribed grazing nor brush management treatments within the context of my study.  

However, regression and AICc analysis revealed that northern bobwhite are greatly 

dependent upon woody cover, followed by herbaceous visual cover, and bare ground.  

Thus, although northern bobwhite abundance was not related to EQIP treatments, I 

conclude that the habitat characteristics found to be important suggest that certain EQIP 

practices would be beneficial.  I recommend the EQIP practices prescribed grazing and 

range planting as potential tools for northern bobwhite management within TBCR 18

which will improve both woody and herbaceous cover for improved northern bobwhite 

abundance.
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CHAPTER I

REVIEW OF THE LITERATURE

1.1 Introduction

The High Plains ecoregion of Texas historically supported a wide variety of 

wildlife, but as land management practices have changed through increased agricultural 

activities, so have suitable wildlife habitats.  According to breeding bird survey data, 

northern bobwhite (Colinus virginianus) abundance has increased 2.2 percent/year, while 

scaled quail (Callipepla squamata) abundance has increased 5.0 percent/year, in the 

Texas High Plains since 1966 (Sauer et al. 2006).  Statewide however, both species have 

declined (bobwhite, - 2.2 percent/year; scaled, -1.8 percent/year) since 1966 (Sauer et al. 

2006).  Although there has been an increase in quail abundances in recent years because 

of increased rainfall, the Texas Quail Conservation Initiative estimates a need for 

3,218,610 additional acres for quail in the High Plains of Texas to meet statewide goals.  

Agricultural practices influence more acreage than all other industries combined, and 

likewise have a direct influence on available quail habitat.  Currently there are two 

practices in the Texas High Plains that seem to have the most impact on northern 

bobwhite and scaled quail abundance.  First is cotton production, which renders land 

unsuitable for quail.  The other practice is cattle grazing on native rangeland.  Rangeland 

can provide suitable habitat for quail, if managed properly, and holds promise for future 

quail populations in the Texas High Plains.

The Environmental Quality Incentives Program (EQIP) is a Farm Bill incentive 

that encourages management practices that are beneficial to quail.  EQIP was created as 
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part of the 1996 Farm Bill to help individuals involved in farming or ranching address 

environmental problems (NRCS 2004).  It is a voluntary program that provides assistance 

to farmers and ranchers who face threats to soil, water, air, and related natural resources 

on their land (NRCS 2004).  EQIP offers cost-shares and incentive payments for 

conservation practices that producers might not otherwise implement.  The primary 

wildlife species of concern for the Texas High Plains are the lesser prairie chicken 

(Tympanuchus pallidicinctus) and the black-tailed prairie dog (Cynomys ludovicianus).  

Eligible land management practices for EQIP in the Texas High Plains are prescribed 

burning, brush management, and prescribed grazing (NRCS 2004).  Prescribed grazing 

by periodic grazing deferment may be one of the most effective methods of increasing 

acreage of suitable quail habitat in the Texas High Plains.  Since this area is a relatively 

low productivity region, prescribed grazing provides rangeland with an opportunity to 

return to a higher range condition class and helps increase grass height, which provides 

suitable nesting cover for quail (Guthery 1986).  By providing these conditions, quail 

survival and reproductive success should increase.  The potential benefits of EQIP 

projects for both northern bobwhite and scaled quail populations in the Texas High Plains 

have not been evaluated.
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1.2 Literature Review

Although northern bobwhite and scaled quail occur sympatrically, they have 

differing life histories and habitat needs and therefore each species will be treated 

separately in this literature review.

1.2.1 Northern Bobwhite

The northern bobwhite (from now on referred to as bobwhite) has been studied 

extensively throughout much of its range to determine factors limiting its abundance and 

to determine management practices that effectively improve its abundance.  But, little 

research has been conducted to address these key issues concerning bobwhite in the High 

Plains ecoregion of Texas (Dabbert et al. 2007).

In Texas, bobwhite can be found in every ecological region but vary in abundance 

between regions.  Bobwhite can be found from the tip of the panhandle to the mouth of 

the Rio Grande (Jackson et al. 1966).  Much of their range within the Panhandle of Texas 

overlaps with that of the scaled quail (Jackson et al. 1966), and bobwhite even appear to 

be replacing scaled quail where they once thrived (Rollins 2000).  This transition can 

likely be attributed to changes in range conditions, changes in land use, differential 

response to precipitation patterns, brush encroachment, increased abundance of predator 

populations, and/or disease (Rollins 2000).  

The Texas High Plains have historically (since 1966) supported a relatively low 

abundance of bobwhite (10.33 bobwhite/route) and a relatively high abundance of scaled 

quail (6.84 scaled/route) in relation to Texas (33.57 bobwhite/route; 9.29 scaled/route) as 

a whole (Sauer et al. 2006).  Much of bobwhite success has been dependent on the 
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amount of rain the Panhandle receives in a given year.  Since the High Plains of Texas is 

much like the rest of the Great Plains, the amount of precipitation is low and the 

frequency of drought is high with seasonal precipitation occurring mostly in the spring 

and summer (Samson et al. 2004).  And not surprisingly, low mean fall and winter 

rainfall may be a limiting factor for bobwhite abundance in the Texas High Plains (Lusk 

et al. 2002).

Although droughts can occur with high frequency in the Panhandle of Texas, 

bobwhite habitat requirements can be met during years of abnormal rainfall.  Bobwhite 

habitat must provide a year round adequate supply of food and protection from predators 

while birds are feeding, resting, loafing, roosting, traveling, and nesting (Jackson et al. 

1966).  Bobwhite populations are generally increased and/or maintained by having 

adequate habitat diversity (Brady et al. 1993, Guthery 1986) in addition to meeting their 

other requirements.  This habitat diversity can be first maintained by a certain percentage 

of brushy cover that will support a high abundance of bobwhite.  Lehman (1984) 

indicated that no more than 20 percent of an area—sometimes as little as 5 percent—

should be covered in brush that is well distributed and at least 22 centimeters high for 

bobwhite to utilize.  Similarly, Guthery (1986) suggested the brush component of 

bobwhite habitat should be between 5 and 15 percent of total habitat acreage.  More 

recently, Townsend et al. (2001) conducted a study in western Oklahoma and they 

suggested the woody component of bobwhite habitat be between 20 and 30 percent.  

Similarly, Lusk et al. (2006) suggest bobwhite habitat have greater than 25 percent shrub 

cover.  This woody component of bobwhite habitat serves primarily as escape and loafing 

cover, which are necessary for bobwhites to avoid predators and stay cool during hot 
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summer days (Guthery 1986), but also serves as nesting cover (Lusk et al. 2006, 

Townsend et al. 2001).  In the High Plains a wide variety of brush species can be utilized 

by quail for cover.  Such brush species include sumac (Rhus spp.), wild plum (Prunus 

gracilis; Jackson et al. 1966), honey mesquite (Prosopis glandulosa), yucca (Yucca spp.), 

and sand shinnery oak (Quercus havardii; Peterson and Boyd 1998).

In addition to the need for woody cover, bobwhites also require grass cover for 

nesting.  Nesting cover usually consists of residual grass cover, which is dormant, 

standing vegetation that grew during the preceding growing season (Guthery 1986).  This 

grass component should account for about 50 percent of the nesting habitat (Townsend et 

al. 2001).  Nesting cover should be arranged in clumps, rather than a dense forest of 

grass, that are an average of at least 20 cm tall and 30 cm in diameter (Guthery 1986, 

Lehmann 1984).  An even more recent recommendation is that nesting cover should have 

a canopy height of 40 cm or more (Lusk et al. 2006).  Additionally, a few studies 

(Townsend et al. 2001, Rader et al. 2007) have examined nest-site selection of bobwhite 

and have determined bobwhite generally select sites that have increased visual 

obstruction and vegetation height (indicating the importance of nest concealment), and 

decreased bare ground.  Stoddard (1931) observed bobwhites in Florida that built nests 

in, under, and around a variety of substrates, such as grasses, vines, fallen pine limbs, 

stumps, and even grass and twig trash left behind by cultivator shovels in cultivated 

fields.  In Georgia, Terhune et al. (2005) observed a bobwhite nest built on top of an 

unknown passerine bird nest in a holly bush, 76.2 cm above the ground.  But generally, 

bobwhites use residual grasses for nests that are hidden and safe from predators (Guthery 

1986).  Bobwhites also prefer open rangeland over dense hardwoods for nest sites 
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(Stoddard 1931, Rosene 1984).  Therefore, because bobwhite need good nesting habitat 

for reproduction, it is important habitat management efforts provide not only a proper 

percentage of woody cover, but also a proper percentage of grass cover.

Because of bobwhite dependence on a proper percentage of woody (20 to 30 

percent) and grass cover (50 percent; Townsend et al. 2001), brush management has been 

a major focus for bobwhite habitat improvements in Texas and the Texas High Plains 

specifically.  There are a number of brush management practices that can be implemented 

to improve bobwhite habitat in Texas.  These practices include half cutting and planting 

shrubs to increase available brush cover, and roller chopping, chaining, root plowing, 

grubbing, burning, and chemical herbicide to reduce brush cover when it is greater than 

desired (Peterson and Boyd 1998, Nolte and Fulbright 1997, Guthery 1986, Lehmann 

1984, Web and Guthery 1983, 1982, Web 1981, Renwald et al. 1978, Turrentine 1971,

Jackson et al. 1966).  Too much brush cover is undesirable because brush plants will out-

compete grasses and forbs that provide quail with nesting cover and food (Guthery 1986).  

The brush treatment method of choice greatly depends on the brush species that is being 

treated and the existing habitat characteristics (e.g. topography).  

Sand shinnery oak is a brush species that can become invasive, reducing grass and 

forb production, especially where overgrazing has occurred (Peterson and Boyd 1998, 

Guthery 1986).  Methods for treating shin oak include mechanical practices, prescribed 

burning, biological controls, and chemical applications (Jones 1982).  The most widely 

accepted practice is the use of herbicide to treat shinnery in strips or patches (Peterson 

and Boyd 1998).  Turrentine (1971) reported bobwhite benefited most from shinnery 

treatment when the oak was either treated in strips of less than or equal to 400 meters 
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wide or was left in mottes that provided loafing and escape cover.  When shinnery oak 

was aerially sprayed, the dead oak still provided cover from the leftover dead stems for 

bobwhite, while removing competition for grass and forb growth (Turrentine 1971).  

Olawsky and Smith (1991) chemically treated shinnery oak communities with 

Tebuthiuron for lesser prairie-chicken (Tympanuchus pallidicinctus) habitat enhancement 

and reported treatments had little effect on lesser prairie-chicken densities, but did 

increase grass and forb composition as shrub composition decreased.  Other studies have 

focused on vegetational response to chemical treatments of sand shinnery oak (e.g. Sears 

et al. 1986, Doerr and Guthery 1983, Jacoby et al. 1983, Jones 1982, Pettit 1979) 

revealing grasses, which are important to bobwhite for nesting cover, generally respond 

positively.  For instance, Pettit (1979) observed a 3 to 9 fold increase in grass yields on 

all treated plots 2 years after herbicide application.  Therefore, EQIP prescribed chemical 

treatment of sand shinnery oak in the High Plains should increase grass and forb 

availability, which in turn should increase bobwhite abundance by providing more food 

and nesting cover.

Mesquite has been another brush species that has progressively dominated 

rangeland in the Texas High Plains, likely as a result of overgrazing and/or fire exclusion 

(Bahre and Shelton 1993).  There seems to be very little research devoted, specifically, to 

examining the response of bobwhite to herbicidal control of mesquite in Texas or the 

High Plains.  More studies have been directed at the response of bobwhite to mechanical 

removal, burning, half-cutting, and other methods for controlling mesquite (Guthery 

1986, Lehmann 1984, Webb and Guthery 1982, Webb 1981, Renwald et al. 1978).  In a 

study that examined the response of plants, small mammals, and avian wildlife to honey 
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mesquite control, Nolte and Fulbright (1997) found that the positive effects of chemical 

control of mesquite on avian wildlife (i.e. increased relative frequency, richness, and 

diversity) was not as drastic as mechanical manipulation would have been.  Factors that 

may explain these results are that when the study was conducted rainfall was 16% above 

average for the study area and the effects may have been delayed (Nolte and Fulbright 

1997).  Another study (Ansley et al. 2004), which examined the long term (10 to 20 

years) grass yields of an area in the northern Rolling Plains ecoregion of Texas, revealed 

the highest yield for warm-season mid-grasses occurred when mesquite cover was less 

than 25 percent of the land coverage.  This supports Townsend et al.’s (2001) 

recommendation of 20 to 30 percent woody cover for optimal bobwhite habitat, while 

also supporting the fact that too much woody cover can inhibit warm-season grass 

production.  A similar study, conducted in the northern Rolling Plains ecoregion of 

Texas, revealed Texas wintergrass (Stipa leucotricha) responded negatively to honey 

mesquite control, while warm-season mid-grasses were less negatively influenced

(Heitschmidt et al. 1986).  McDaniel et al. (1982) conducted an earlier study within the 

northern Rolling Plains and observed overall grass and litter cover were generally greater 

on aerial and basal spray treatments compared to the control.  Therefore, when mesquite 

is controlled with herbicide through EQIP enrollment, grasses should increase, which 

should result in an increased abundance of bobwhite in the Texas High Plains.

One tool utilized to effectively improve (or harm) bobwhite habitat (Guthery 

1986) and increase (or decrease) the availability of bobwhite nesting cover is the use of 

specific grazing regimes.  Like brush management, grazing management has a significant 

influence on bobwhite habitat.  The specific grazing prescription greatly depends on the 
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productivity of the area and whether bobwhite and/or cattle production is the highest 

priority (Guthery 1986).  The High Plains, which is considered to be a low productivity 

ecological region because of its low annual rainfall, could support both healthy bobwhite 

populations and productive cattle herds if maintained in a high range condition class 

(Campbell-Kissock et al. 1984).  Several studies have examined the response of bobwhite 

to certain grazing regimes and found bobwhite abundance is greater under a rotational 

grazing regime rather than a continuous grazing regime (Wilkins and Swank 1992, 

Guthery 1986, Campbell-Kissock et al. 1984).  Similarly, a quail study examined the 

resulting vegetative composition of certain grazing regimes and reported a rotational 

grazing regime preserves greater grass cover than a continuous grazing regime (Bareiss et 

al. 1986).  Additionally, other studies have found reducing the stocking rate (or grazing 

intensity) results in increased bobwhite abundance in areas of low productivity, much like 

the Texas High Plains (Lusk et al. 2006, Townsend et al. 2001).  Lastly, some studies 

have investigated the effects that certain grazing regimes have on bobwhite nest 

trampling occurrence (Guthery and Bingham 1996, Koerth et al. 1983) and reported that 

more nest trampling occurred where cattle were grazed on smaller pastures for longer 

periods of time.  Yet, nest trampling was very minimal in its overall effects on bobwhite 

survival.  The consensus of the literature is that if good nesting structure is maintained 

through proper grazing management, then bobwhite populations will respond positively.  

Proper grazing management in the Texas High Plains should generally be light to 

moderate stocking rates, with adequate periods of rest (using rotational rather than 

continuous grazing methods) to maintain residual nesting cover.  The EQIP prescribed 
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grazing program encourages landowners to practice proper grazing management, which 

should be very beneficial to bobwhite in the High Plains.

In addition to cover requirements for bobwhite quail, there are also food 

requirements that can play a role in whether or not habitat supports sustainable bobwhite 

populations.  According to Guthery (1986), bobwhites can consume over 1,000 different 

plant parts and seeds, but only 5 to 10 species of plants usually provide more than 75% of 

the food consumed.  Food availability can be increased through both brush management 

and prescribed grazing.  Turrentine (1971) observed that aerially sprayed areas of sand 

shinnery oak had greater grass and forb production when compared to unsprayed areas.  

Lewis and Harshbarger (1986) examined the response of bobwhite foods to grazing 

pressure in the Southeastern Coastal Plain of Georgia and found, initially, grazing had a 

negative impact on bobwhite food production, but a 5 year average revealed no 

significant effect.  Campbell-Kissock et al. (1985) suggest grazing management practices 

that encourage maximum plant diversity, for good seed and insect production, while 

maintaining good range conditions, for proper nesting cover, in regions that are prone to 

drought or low annual rainfall.  Therefore, the EQIP prescribed grazing program, which 

encourages proper grazing management, should help increase diversity while sustaining 

good range conditions for sustainable bobwhite populations in the Texas High Plains.

The literature suggests brush management and prescribed grazing through EQIP 

enrollment can be effective tools, if used properly, for improving escape, loafing, and 

nesting cover, while encouraging a greater production of bobwhite foods in the High 

Plains ecoregion of Texas.  Therefore, the following hypotheses have been developed for 

bobwhite: 
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1.) Reducing brush density through the EQIP brush management practice will improve 

bobwhite abundance on rangeland in the High Plains ecoregion of Texas.

2.) Improving range condition and maintaining diversity through the EQIP prescribed 

grazing practice will improve bobwhite abundance on rangeland in the High Plains 

ecroregion of Texas.

1.2.2 Scaled Quail

The scaled quail is very limited in range as compared to the bobwhite.  Scaled 

quail typically occur in portions of western Oklahoma, southwestern Kansas, 

southeastern Colorado, most of New Mexico, southeastern Arizona, northeastern Mexico, 

and the western one-third of Texas (Rollins 2000).  There are four known subspecies of 

scaled quail (Rea 1973).  Of these subspecies, the Arizona scaled quail (C. s. pallida)

appears to occupy much of the High Plains of Texas (Wallmo 1956).  According to 

Breeding Bird Survey data (Sauer et al. 2006), scaled quail populations have increased by 

5.0 percent/year in the High Plains of Texas since 1966, with slight peaks and valleys 

between years.

Several studies have examined various aspects of scaled quail ecology, but not 

nearly as many as bobwhite.  Few studies have actually examined the response of scaled 

quail to habitat management.  What knowledge has been obtained can be useful in 

developing hypotheses for how scaled quail might respond to EQIP practices in the High 

Plains ecoregion of Texas.
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Scaled quail are generally a xeric-adapted species (Schemnitz 1993), which 

means they thrive in arid to semiarid environments that are characteristic of their range.  

Scaled quail seem to prefer habitats that are dominated by sparse, low shrubs with no 

heavy woodland and lowlands that are either level or rugged topography (Wallmo 1956). 

Likewise, Schemnitz (1964) describes the scaled quail as a characteristically “open-

terrain bird” that utilizes vegetation that provides adequate overhead protection, but is 

more open underneath.  Reid et al. (1993, 1979) also observed their preference for shrub 

habitat types over other types within the High Plains.  Like bobwhite, scaled quail need a 

diversity of plants that provide both proper cover and adequate food (Wallmo 1956).  

There are several things that seem to delineate scaled quail from bobwhite.  One 

is that scaled quail tend to maintain their populations during prolonged drought, but are 

not as productive as bobwhite and therefore do not decline or increase as rapidly due to 

climatic variables (i.e., dry or wet years; Schemnitz 1964, Lehmann 1984, Rollins 2000).  

Also, scaled quail have differing nesting and flocking behavior, and appear to use 

different habitats than bobwhites (Schemnitz 1964).  Lastly, scaled quail seem to exhibit 

greater intelligence than bobwhites (Lehmann 1984).  The only real similarity observed 

between the two species is their similar food preferences (Schemnitz 1964).  Therefore, 

habitat requirements and management approaches for scaled quail may be similar, but not 

exactly the same, as for bobwhite in the High Plains of Texas.

There are various hypotheses for why scaled quail populations decline in some 

regions. One hypothesis is an extreme reduction in ground cover due to grazing by 

livestock (Wallmo 1956).  Yet it is agreed that if vegetation is too dense scaled quail 

suffer due to their specialization for running, rather than flying, when predators approach
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(Wallmo 1956, Schemnitz 1964, Lehmann 1984, and Rollins 2000).  Therefore, grazing 

might be beneficial for scaled quail when rainfall in a region is above average, producing 

overly dense vegetation.  Campbell-Kissock et al. (1984) observed scaled quail using a 

pasture, in the Rio Grande Plains of Texas, which was under short duration grazing 

management more than a pasture that was under continuous grazing management.  

Additionally, Schemnitz (1961) recommends certain species of brush cover and drainage 

areas be fenced off, so cattle cannot trample these key cover types that are important for 

scaled quail survival.  

Another hypothesis is that reproductive failure may be a probable cause of scaled 

quail declines (Schemnitz 1994).  Pleasant et al. (2006) observed that scaled quail 

selected nest sites that had greater visual obstruction, less bare ground, more shrubs, and 

fewer forbs relative to available habitat surrounding nest sites.  They suggest shrubs 

could be important for scaled quail because shrubs function to protect grasses from 

grazing.  These data could be used as a management tool for providing optimal nesting 

cover within scaled quail habitat.  Just as with bobwhite, it may be that scaled quail 

would thrive best in the High Plains of Texas if habitats are kept in a higher range 

condition class, but maybe lower than that of bobwhite.  

It has been observed that scaled quail are more attracted to the shrub life form

than to any other vegetation type (Wallmo 1956, Schemnitz 1961, Lehmann 1984).  

Likewise, Reid et al. (1979) reported both bobwhite and scaled quail were associated 

with shrubland and mesquite shrubland in the High Plains.  But, it seems apparent that 

scaled quail are more associated with the shorter vegetation, while bobwhites are more 

associated with taller vegetation (Reid et al. 1979).  Conversely, Rollins (2000) believes
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tremendous brush encroachment has led to scaled quail declines in many areas of natural 

rangeland.  It is likely that scaled quail, like bobwhite, thrive when brush density is 

maintained within a certain percentage of the habitat.  Unfortunately, no research has 

been conducted to find the optimal brush density of a habitat that would support the 

highest number of scaled quail like there has been for bobwhite.  Therefore, it is hard to 

say which management approach would be best for scaled quail.  

It seems clear that there is still a need for more research pertaining to the habitat 

needs and management of scaled quail.  Aside from Pleasant et al.’s (2006) 

recommendation for maintaining 0.75 meter high nesting cover and reducing stocking 

rates at the onset of drought, more research is needed to determine optimal brush 

densities and population responses to management efforts.  The literature suggests

prescribed grazing in the High Plains ecoregion of Texas should be beneficial to scaled 

quail.  Likewise, while no optimal brush density has been determined, brush management 

should benefit scaled quail as well as long as some woody cover is maintained.  

Therefore, the following hypotheses have been developed for scaled quail:

1.) Reducing brush density through the EQIP brush management practice will improve 

scaled quail abundance on rangeland in the High Plains ecoregion of Texas.

2.) Improving range condition and maintaining diversity through the EQIP prescribed 

grazing practice will improve scaled quail abundance on rangeland in the High Plains 

ecroregion of Texas.
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CHAPTER II

NORTHERN BOBWHITE RESPONSE TO ENVIRONMENTAL QUALITY 

INCENTIVES PROGRAM PRACTICES IN THE TEXAS PORTION OF THE 

SHORTGRASS PRAIRIE BIRD CONSERVATION REGION

2.1 Introduction

The Northern Bobwhite Conservation Initiative seeks to reverse northern 

bobwhite declines across the range of the species.  The goal for the Southern High Plains 

of Texas, or the Texas portion of the Shortgrass Prairie Bird Conservation Region (TBCR 

18) as it is delineated in the initiative, is to add 18,933 new coveys to those already in 

existence.  Regrettably, cotton, the primary crop in the region, uses a cropping system 

that precludes bobwhite habitat.  Rangeland provides the most usable habitat for quail in 

TBCR 18.  However, much of the rangeland that would be considered suitable habitat has 

been overgrazed to the point it is no longer usable.  New incentives could change 

bobwhite population dynamics in TBCR 18. 

In Texas, the Environmental Quality Incentives Program (EQIP) is one Farm Bill 

incentive that holds promise for management practices that are beneficial to northern 

bobwhite.  EQIP was created as part of the 1996 Farm Bill to help individuals involved in 

agriculture address environmental problems.  This program is voluntary and seeks to 

promote the compatibility of agricultural production and sustained environmental quality.  

EQIP offers cost-shares and incentive payments for conservation practices that producers 

might not otherwise implement.  Approximately $66.8 million were available for EQIP 

projects in Texas for 2004.  The primary wildlife species of concern for TBCR 18 are the 
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lesser prairie chicken (Tympanuchus pallidicinctus) and the black-tailed prairie dog 

(Cynomys ludovicianus).  Prescribed grazing, brush management, and prescribed burning 

are eligible practices for EQIP in this area.  About 21 individual projects were planned in 

TBCR 18 during 2004.  These practices may also be beneficial for developing or 

improving northern bobwhite habitat in the region.  Destocking or grazing deferment may 

be one of the single most effective methods of increasing acreage of suitable northern 

bobwhite habitat in TBCR 18.  In fact, the Texas Quail Conservation Initiative indicates 

75% of the needed coveys in Texas could be produced by altering grazing management 

practices.  The potential benefits of EQIP projects for Northern Bobwhite in TBCR 18 

have not been evaluated.  As scaled quail (Callipepla squamata) are sympatric with 

northern bobwhite in many of these areas it is probable that their populations may also 

benefit from EQIP practices.  Therefore, objectives of this research were to 1) examine 

northern bobwhite and scaled quail population responses to brush management and 

prescribed grazing (EQIP practices) in TBCR 18 and 2) evaluate the relationships 

between quail abundance and habitat characteristics in an effort to provide specific 

recommendations for habitat management in TBCR 18.

2.2 Study Area and Methods

Response of quail to EQIP practices was evaluated by comparing quail population 

sizes of EQIP contracts (brush management and grazing deferment) with adjacent control 

sites that were not subject to EQIP management.  I concluded using authentic EQIP 

enrolled land for this study was the most realistic representation of the EQIP program, 

because most contracted sites were under the management of private land owners whose 
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treatment methods likely have their own unique variation.  Potential sites were provided 

by District Conservationists of the Natural Resource Conservation Service (NRCS) for 

each county and then limited to sites that had sufficient acreage and available control 

sites.  This selection process is not random and limits the inference of some of my

conclusions.  Nevertheless, the small number of available EQIP sites precluded random 

selection, because the resulting sample sizes would have been too small for any 

inference.  I chose not to use treated non-EQIP sites to represent treated EQIP sites, 

because the relationship between non-EQIP and EQIP sites is unknown.  I concluded that 

having non-randomly selected but authentic EQIP sites was superior to having randomly 

selected treatment sites whose relationship to authentic EQIP sites was unknown.  

Quail population size can be estimated using both capture-recapture methods and 

call counts.  Both methods have inherent problems.  Mark-recapture methods are often 

used to estimate the number of quail in a given area during short periods of time (O’Brien 

et al. 1985).  However, these methods require a minimum sample size for precise 

estimates and are hampered when population size is small.  Northern bobwhite (and 

likewise scaled quail) call counts can be a reliable and inexpensive index of quail 

abundance over extensive areas when conducted during the breeding season, May 

through July, (Hansen and Guthery 2001) and from October through December.  The 

weaknesses of call counts are that they provide an indirect measure of population size 

that may be affected by heterogeneous detection probabilities and individuals and coveys 

are difficult to differentiate at high densities.  Consequently, I used both spring and fall 

call counts and mark-recapture to ensure that I had at least one effective estimate of quail 

population size.
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2.2.1 Study Area

The study areas consisted of 8 different study sites, located in 4 different counties

(Bailey, Cochran, Hockley, and Yoakum) of the Southern High Plains of Texas.  Climate 

for all 4 counties is semiarid, warm, continental climate characteristic of the Southern 

High Plains with average precipitation ranging from 16.37 inches to 18.07 inches (Grice 

et al. 1965, Dittemore and Hyde 1964, Newman 1964, Girdner et al. 1963).  This area 

receives most of its precipitation during the growing season, from May through October 

(Newman 1964).  The major brush species treated on my study sites to improve upland 

wildlife habitat were sand shinnery oak (Quercus havardii), honey mesquite (Prosopis 

glandulosa), plain’s yucca (Yucca angustifolia) and sumac (Rhus spp.).  

The Lepard study site (> 1000 ha), located in Bailey County, southeast of 

Muleshoe, consists of fine sandy soils that form characteristic sand dunes and are highly 

susceptible to wind erosion (Girdner et al. 1963).  This site has a high diversity of plant 

species.  Plants include a wide variety of tall grasses, skunkbush sumac (Rhus trilobata), 

sand sagebrush (Artemisia filifolia), catclaw (Acacia greggii), yucca, queen’s delight 

(Stillingia sylvatica), and numerous forbs (Girdner et al. 1963).  The treatment for this 

site is herbicide, applied using a hand sprayer, mounted on an ATV, to treat individually 

selected yucca and sumac plants throughout the pasture.  Treatments were applied during 

spring and summer of 2005 and 2006 until the goal of the treatment was reached, which 

is to reduce the yucca and sumac plant density by 40 percent.

The Perkins study site (> 1000 ha), located in southeast Cochran County, and the 

Lewis study site (> 1000 ha), located in western Cochran County, both consist of fine 
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sand to fine sandy loam soils, with scattered sand dunes, that are underlain by a layer of a 

medium sandy clay loam and then a layer of caliche (Newman 1964).  Both of these sites 

have been left as natural range, with scattered oil pumps throughout.  Plants that typically 

grow on these sites include little bluestem (Schizachyrium scoparium), side-oats grama 

(Bouteloua curtipendula), needle-and-thread (Hesperostipa comata), giant dropseed 

(Sporobolus giganteus), sand dropseed (Sporobolus cryptandrus), blue grama (Bouteloua 

gracilis), hairy grama (Bouteloua hirsuta), silver bluestem (Bothriochloa laguroides), 

perennial three-awn (Aristida purpurea), hooded windmillgrass (Chloris cucullata), 

tumble windmillgrass (Chloris verticillata), yucca, sand sagebrush, skunkbush sumac, 

sand shinnery oak, queen’s delight, western ragweed (Ambrosia psilostachya), and 

numerous annuals (Newman 1964).  Both sites were strip treated, during the summer of 

2005, with herbicide to control sand shinnery oak.  Strips were 100 m wide with 100 m 

between strips.

The Adcock site (> 1000 ha), straddling the border of northwest Hockley County 

and northeast Cochran County, consists of a range of soil types from limy, calcareous 

sandy loam underlain by a clay loam to a very shallow, dark-colored, mildly alkaline, 

sandy loam underlain by caliche (Newman 1964).  In the past this site has been used for 

cattle production.  The vegetation is variable with the soil and can include blue grama, 

side-oats grama, buffalograss (Buchloe dactyloides), black grama (Bouteloua eripoda), 

alkali sacaton (Sporobolus airoides), saltgrass (Distichlis spicata), sand muhly 

(Muhlenbergia arenicola), honey mesquite, little bluestem, sand bluestem (Andropogon 

hallii), switchgrass, Canada wildrye (Elymus canadensis), sand dropseed, perennial three-

awn, hairy tridens (Tridens pilosus), red grama (Bouteloua trifida), broom snakeweed 
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(Gutierrezia sarothrae), many annuals (Newman 1964), and salt cedar (Tamarix 

ramosissima).  The treatment being applied is prescribed grazing, by deferring during the 

growing season each year.  Grazing deferment began in the summer of 2005.  Prior 

history of grazing management was that of moderate to heavy grazing pressure.

There are 4 different study sites in Yoakum County; Box, Fitzgerald, Forbus, and 

Sanders.  The Fitzgerald site (> 1000 ha), southeast of Plains, has been chemically strip 

treated, with Tebuthiuron during the summer of 2005, for sand shinnery oak.  Strips were 

100 m wide and were 100 m apart.  It has a range of soils from deep, noncalcareous, 

moderately permeable sandy soils to loose, sandy, moderately rapidly permeable, 

noncalcareous soils (Dittemore and Hyde 1964).  This site has vegetation that is primarily 

composed of sand shinnery oak as the dominant shrub, along with sand bluestem, giant 

dropseed, giant sandreed (Calamovilfa gigantea), little bluestem, sand dropseed, 

perennial three-awn, false buffalograss (Monroa squarrosa), and annuals (Dittemore and 

Hyde 1964).

The Box (> 1000 ha) and Sanders (approx. 700 ha) sites, located in western 

Yoakum County, are similar in that they are both under prescribed grazing management 

by deferring during the growing season and have very similar soil and vegetation 

characteristics.  Prior grazing history for the Box study site was heavy grazing, while the 

Sanders study site had light to moderate grazing pressure.  The soils on both of these sites 

are very complex and range from deep, reddish, moderately permeable, noncalcareous 

soils to shallow, light, rapidly permeable, strongly calcareous, sandy loam soils 

(Dittemore and Hyde 1964).  These two sites would best be described as mixed plains 

range sites with vegetation consisting mainly of side-oats grama, blue grama, black 
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grama, sand dropseed, perennial three-awn, sand muhly, ring muhly (Muhlenbergia 

torreyi), broom snakeweed, annuals (Dittemore and Hyde 1964) and honey mesquite.

The Forbus site (approx. 250 ha), located in northeast Yoakum County, consists 

of deep, noncalcareous, moderately permeable sandy soil (Dittemore and Hyde 1964).  

The vegetation consists mainly of sand bluestem, giant dropseed, giant sandreed, little 

bluestem, sand dropseed, perennial three-awn, sand shinnery oak (Dittemore and Hyde 

1964), and honey mesquite (personal observation).  The treatment for this site is a 

random application of chemical herbicide to thin out mesquite.  The herbicide was 

applied by a hand sprayer to selected mesquite trees when trees were most susceptible to 

mortality in 2005.

2.2.2 Call Counts
For all call counts I set up a permanent calling station at each study site (Robel et 

al. 1969) and conducted replicate sampling (3 replicates/site/season) with two observers, 

one at the treatment and one at the control.  Replicate sampling was used to help limit the 

effects of observer variation and the variable seasonal phenologies (Hansen and Guthery 

2001).  To further help limit observer variability, observers were trained prior to 

conducting call counts (Keplar and Scott 1981) and alternated between control and 

treatment sites for each replicate of counting.  Training consisted of 1 to 2 training 

sessions where trainees conducted call counts with someone who was experienced at 

conducting call counts.  Because weather variables can have a detrimental effect on quail 

calling activity and range of call audibility, observers did not conduct call counts when 

weather variables were extreme.  I followed the recommendations of various authors, 
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which are to suspend call counts when it is raining (Robel et al. 1969) and/or when wind 

speeds are greater than 10 miles per hour (Hansen and Guthery 2001).  I marked each 

listening location, which was positioned near the center of each treatment and control 

area, with a t-post and entered the point into a GIS database using a GPS unit to record 

the point.  This mapping was done to ensure call stations were placed an equal distance 

from all boundaries of both treatment and control.  For each count observers used a plot 

diagram to mark the location of individual quail calls within a 400-m radius as the 

maximum distance for hearing quail calls.  The use of the plot diagram helped lower the 

probability of double counting in each period of counting.  The 400-m radius was based 

on Stoddard’s (1931) findings for the range of call audibility.

2.2.3 Spring Call Counts

All spring whistle-call counts were conducted during an 8-week period during

May and June.  This time period encompassed the expected seasonal peak in calling 

activity for the four counties within which my study sites are located.  This period also 

tends to correspond with peak nesting activity (Rosene 1984).  Observers conducted 3 

replicate counts for each study site.  In addition, each count was conducted from 30 

minutes before sunrise until 1 hour after sunrise, which is when daily maximum calling 

activity, ≥ 90%, tends to occur (Hansen and Guthery 2001).  Thus, by using this strategy I

maximized the amount of variation between sites (Hansen and Guthery 2001) when 

calling rates are least variable and call intensities are the highest (Wellendorf et al. 2004).  

For the spring count, observers counted calls in 6-minute intervals for 1 and ½ hours.  

Thus, for one day of call counting per site, observers recorded 15 different samples of 
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data that were averaged together to obtain a sample mean for each replicate per site.  The 

average number of whistles heard per site was the estimate of abundance.

2.2.4 Fall Call Counts

Observers conducted fall covey-call counts as close to peak calling activity as 

possible, which is the period between October and December.  Observers conducted 3 

replicate counts of each study site.  Counts were conducted at the same permanent 

stations that were used during spring counts.  Observers arrived at each station 

approximately one hour before sunrise.  Covey calls were expected to commence about 

20 to 30 minutes before sunrise and last no more than 2 minutes total, with each covey

calling for about 20 to 30 seconds (Stokes 1967).  Observers stopped recording calling 

coveys when all calling had ceased for at least 10 minutes or at sunrise, whichever came 

first (Seiler et al. 2002).  The average number of covey’s heard calling per site was the 

estimate of abundance.

2.2.5 Mark-Recapture

Mark-recapture methodology was used to estimate population size within each 

treatment and control site.  Trapping began during the month of October of each year and 

lasted 6 days per site for a total of 54 days.  I used funnel-traps modeled after Smith et 

al.’s (1981) design of the collapsible quail trap.  To ensure no marks were lost, upon first 

capture I banded each leg of each individual bobwhite and scaled quail (O’Brien et al. 

1985) and then released them.  Traps were set at a rate of 1 trap per 2 hectares, which 

helped limit heterogeneous factors such as age, sex, social status, or territory in relation 
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to trap position (O’Brien et al. 1985).  Traps were baited with a combination of cracked 

corn (50%) and milo (50%).  I staked traps down to ensure mammalian or avian predators 

did not overturn them and depredate the quail (Wallmo 1956), and to ensure quail did not 

lift the traps when flushed while in the traps.  In order to limit quail injuries, I attached 

soft, mesh screen on the underside of the roof of the traps.

2.2.6 Vegetation Sampling

Vegetation sampling was conducted to obtain a measure of effectiveness of EQIP 

treatments and to examine the relationships between individual variables of habitat 

structure and quail population size.  Habitat structure was assessed using a suite of 

variables from both treatments and controls of each study area in June and July of each 

year, corresponding with the nesting season.  I randomly established eight 200 m 

transects by generating a random numbers table to establish the starting locations.  Each 

transect was run diagonally away from the permanent call stations within the established 

400 m call audibility radius surrounding call stations.  I used the step-point method for 

obtaining a frequency of grasses, forbs, brush, and bare ground (Coulloudon et al. 1999, 

Evans and Love 1957).  There were 50 points per transect, with 400 points per site.  

Along each transect I estimated visual obstruction using a profile board every 20 m 

(Coulloudon et al. 1999, Guthery et al. 1981) to obtain the density of the vegetation at 

different heights from the ground.  I determined the optimum distance to read the 1.5 m 

profile board where perceived variation in foliage screening of strata is greatest (Nudds 

1977) and then used that distance for all profile readings.  I positioned the profile board 

perpendicular to each transect in an alternating sequence at every fifth step-point and read 
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the profile board from a kneeling position.  I estimated vegetation density by ranking 

each profile strata reading with a density score of 0 (0%), 1 (>0-20%), 2 (21-40%), 3 (41-

60%), 4 (61-80%), or 5 (81-100%).  I obtained precipitation data in Bailey, Cochran, 

Hockley, and Yoakum Counties for the first six months of 2006 and 2007 from the 

National Climate Data Center (www.cdo.ncdc.noaa.gov/ancsum/ACS).

2.3 Analysis

I stratified the data by species (northern bobwhite or scaled quail) and EQIP 

treatment (prescribed grazing or brush management) before analysis.  I used a two-factor 

(vegetative treatment and time) repeated-measures ANOVA to test for differences in 

spring whistle-call and fall covey-call counts, quail density, and vegetative characteristics 

(SPSS 2002).  Vegetative characteristic variables included percent composition of 

grasses, forbs, and woody cover, percent bare ground, and visual obstruction.  I used 

linear regression to model potential relationships between bobwhite abundance and 

habitat characteristics.  Data were stratified by species and year but not EQIP treatment 

for this analysis, because I wished to examine relationships that transcended EQIP 

treatment.  I used spring call counts as the metric of abundance for this analysis.  As 

previously stated, the habitat variables percent grass (G), percent woody cover (W), 

percent forbs (F), percent bare ground (B), percent litter (L), and the 6 measures, 25 

meter strata, of visual obstruction (V1, V2, V3, V4, V5, and V6) were selected a priori, 

because previous studies indicated they were related to northern bobwhite abundance.  I

used Spearman’s Rank Correlation to reduce the number of model parameters to those 

which were strongly (r2 ≥ 0.65) correlated to northern bobwhite abundance.  I eliminated 
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variables that were correlated to each other choosing the variable with the most empirical 

support from other studies.  This process yielded 5 variables for inclusion in the models; 

percent woody cover (Figure 2.1), percent bare ground (Figure 2.2), and visual 

obstruction scores at 0 – 0.25 m, 0.26 – 0.5 m, and 0.51 – 0.75 m heights (Figure 2.3).  I

used scatter plots and residual plots to evaluate the variables for linearity, normality, and 

colinearity.  Northern bobwhite whistle counts were log (x + 1) transformed to 

approximate normality.  I used linear regression to generate the global model and all 

possible subsets.  Fit of the global model was evaluated using a measure of fit (R2) and by

examining residuals.  I used the residual sum of squares to calculate Akaike’s 

Information Criteria corrected for small sample size (AICc) and ranked all models by this 

value.  I considered the best model to have the smallest AICc value, but calculated Akaike 

weights to calculate the weight of evidence in support of each model and to evaluate the 

relative importance of individual variables within the models (Burnham and Anderson 

1998).

2.4 Results

Though scaled quail were detected on all sites at some point during the study, 

their inconsistent presence and low abundance prevented analysis for this species and 

their habitat requirements.  Additionally, insufficient numbers of northern bobwhite were 

captured to allow reliable estimates of density using mark-recapture estimators.  

Consequently, I converted capture data to a measure of relative abundance as a catch-per-

unit effort measure.  This measure, bobwhite caught per trap night, was calculated by 

dividing the total number of quail caught by the number of trap nights.  
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The mean number of calling male northern bobwhite in spring was not different 

between prescribed grazing and control sites (F = 5.082, P = 0.153) or among years (F = 

2.271, P = 0.166; Figure 2.4).  Likewise the mean number of calling northern bobwhite 

coveys in fall and the mean number of northern bobwhite caught per trap night were not 

different between prescribed grazing and control sites (calling coveys, F = 8.329, P = 

0.153; birds per trap night, F = 0.712, P = 0.431) or among years (calling coveys, F = 

1.946, P = 0.276, Figure 2.5; birds per trap night, F = 3.456, P = 0.112, Figure 2.6).  The 

mean number of calling male northern bobwhite in spring was not different between 

brush management and control sites (F = 1.582, P = 0.294) or among years (F = 0.817, P

= 0.462; Figure 2.7).  Similarly, the mean number of calling northern bobwhite coveys in 

fall and the mean number of northern bobwhite caught per trap night was not different 

between brush management and control sites (calling coveys, F = 2.163, P = 0.231; birds 

per trap night, F = 0.002, P = 0.961) or among years, except birds per trap night (calling 

coveys, F = 2.148, P = 0.186, Figure 2.8; birds per trap night, F = 5.092, P = 0.047; 

Figure 2.9).

Habitat variables, W, G, F, V1, V2, V3, V4, V5, V6, L, and B were not different 

between prescribed grazing and controls (F < 1.228, P > 0.300) or among years, (F < 

6.50, P > 0.063; Figures 2.10 – 2.20) except V1 (F = 16.936; P = 0.015).  Likewise, these 

same habitat variables were not different between brush management and controls (F < 

2.621, P >0.133) except for G (F = 6.776, P = 0.026), but were all different between 

years (F > 5.835, P < 0.037; Figures 2.21 – 2.31) except for G and L (F < 0.728, P > 

0.415).  Average January through July precipitation for the 4 counties was 10.79 cm 

during 2006 and 40.13 cm during 2007.
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The best model explaining the number of whistling northern bobwhite males 

during the spring in both 2006 and 2007 was the single variable, W (Tables 2.1 and 2.2).  

Likewise, the single variable, V2 was the second-best model in both 2006 and 2007.  

During 2006, the third best model contained the variables W and V3.  In contrast, the 

third best model during 2007 was a model containing the single variable, V3.  Percent 

bare ground was not selected in any models before the ninth-best model during both 

years.  Percent woody cover, W, was the most important variable during both years 

(Table 2.3).  Percent woody cover was followed in order of importance by V2, V3, V1,

and B.

2.5 Discussion

There have been few studies specifically relating quail abundance to habitat 

characteristics within TBCR 18 (Dabbert et al. 2007).  Most studies indicate northern 

bobwhite use woody cover for various life history purposes, including escape, shelter, 

and nesting.  Studies, in other ecological regions, report northern bobwhite require 

between 5 and 30 percent woody cover (Lehman 1984, Guthery 1986, Townsend et al. 

2001).  Recently, Lusk et al. (2006) suggested a woody cover requirement of ≥ 25% for 

nesting habitat.   Northern bobwhite were absent from sites, in my study, which had no 

woody cover.  Though lack of woody cover makes habitat unsuitable for northern 

bobwhite, it is difficult to define an optimal percent woody cover because of the ability of 

some herbaceous cover sources to functionally make up for deficiencies in availability of 

woody cover (Guthery 2002).   This interchangeability or slack makes it possible for two 

sites to have different amounts of percent woody cover and be equally suitable for 
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northern bobwhite (Guthery 2002).  Two other sources of slack that enable different 

landscape patch configurations to be fully usable space for quail are adaptability of 

bobwhites and interchangeable time that northern bobwhite spend using different sources 

of cover (Guthery 2002).  With all three sources of slack, it enables widely contrasting 

habitats to support northern bobwhite populations.  Obviously, this concept of slack can 

only explain why differing habitats can support northern bobwhite, but cannot fully 

explain variations in bobwhite abundance among habitats.

In my study, the 8 greatest northern bobwhite abundances were recorded on sites 

that had ≥ 10% woody cover (Figure 2.32). When percent woody cover occurred at a 

frequency < 10%, northern bobwhite abundance was greatly diminished.  Other limiting 

factors, including herbaceous cover and bare ground, may play more of a role in 

influencing northern bobwhite abundance on sites with > 10% woody cover.  

Consequently, the most important predictor variable of northern bobwhite abundance was 

woody cover.  

After the requirement for woody cover is satisfied then visual obstruction 

becomes the next important predictor of northern bobwhite abundance.  My results 

indicate visual obstruction at 0.26 – 0.75 m (V2 and V3) is more important than visual 

obstruction at 0 – 0.25 m (V1).  As average quail height is 26 cm (Rosene 1984) it is 

intuitive that V2 and V3 are more important than V1, simply because V2 and V3 provide 

more protective cover for an animal of this size.  My data agree with Lusk et al. (2006) 

who reported northern bobwhite require nest canopy height greater than 0.4 m.  I believe 

changes in the importance of V2 and V3 between years were related to precipitation and 

plant growth.  As expected, visual obstruction readings were higher during 2007, a wet 
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year, than in 2006, a dry year.  In comparison, northern bobwhite abundance was 

mathematically, but not statistically, greater in 2007 than in 2006 for all sites (Figure 

2.33).  This difference in visual obstruction between years may indicate a significant 

portion of the visual cover comes from non-woody sources, such as grasses and forbs, 

which are much more affected, in the short-term, by wet and dry years.  Therefore, 

herbaceous visual cover is another vital component of northern bobwhite habitat in 

TBCR 18.

Within the context of this study northern bobwhite abundance was related to 

neither brush management nor prescribed grazing treatments.  I believe several factors 

resulted in this outcome.  Brush management within this study was brush removal which 

would reduce woody cover below suitable requirements, thus negating any potential for 

improving northern bobwhite abundance.  Prescribed grazing treatment areas had large 

variation in percent woody cover among sites, with some well below the recommended 

10 percent.  For instance, one site had 0 percent woody cover, which resulted in no 

detection of quail.  Therefore, even if better visual obstruction from herbaceous cover is 

increased due to the prescribed grazing treatment, northern bobwhite abundance cannot 

improve.  Additionally, there were large differences in prior grazing history with some 

prescribed grazing treatment areas being severely overgrazed prior to EQIP enrollment.  

For instance, though not significant, at the same study site treated areas (grazing 

deferred) had mathematically lower northern bobwhite abundance than control areas.  I

suspect some landowners may have heavily utilized treatment sites prior to enrollment, 

knowing that they would have to rest the site during the period of EQIP enrollment.  
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Therefore, improvement of these overgrazed areas would only bring herbaceous visual 

cover back up to the level of control areas, especially given the dry year in 2006.

2.6 Management Implications

TBCR 18, which is considered to be a low productivity ecological region because 

of its relatively low annual rainfall, could support both healthy bobwhite populations and 

productive cattle herds if maintained in a higher range condition class (Campbell-Kissock 

et al. 1984).  The NRCS standard practice of prescribed grazing (Code 528) has great 

potential as a tool for management of quail in TBCR 18 where woody cover is suitable.  

Other studies confirm proper grazing management, which incorporates rotational or other 

similar grazing regimes with seasonal deferment and proper grazing intensities, can 

greatly improve northern bobwhite abundance by providing some disturbance, for 

improved plant diversity, and increased protective cover (Lusk et al. 2006, Townsend et 

al. 2001, Wilkins and Swank 1992, Guthery 1986, Campbell-Kissock et al. 1984).  I

suggest, when implementing the prescribed grazing practice in TBCR 18, that stocking 

rates and deferment periods be tailored so that visual cover is established and maintained 

at a height of 40 cm or more for northern bobwhite abundance to be improved.

The NRCS standard practice of brush management (Code 314) is not useful in the 

context of my study sites.  But, if woody cover is not allowed to drop below 10%, then 

brush management may be a useful practice within TBCR 18.  I also suggest that the 

woody component of a habitat not become too dense, so that habitat diversity is 

maintained and the brush species do not out-compete the important grasses and forbs 

(Guthery 1986).  In contrast to brush management (removal), range planting (Code 550) 
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may be an approved practice that is a more useful tool for providing quail with the 

necessary woody component where it is lacking.  EQIP can be a powerful tool for 

encouraging proper grazing management to achieve increased acreage of suitable habitat 

for northern bobwhite in TBCR 18.



Texas Tech University, Eric Abercrombie, August 2008

40

2.7 Literature Cited

Burnham, K. P. and D. R. Anderson. 2002. Model selection and multimodel inference: a 

practical information-theoretic approach. 2nd Edition. Springer Science+Business 

Media, Inc.

Campbell-Kissock, L., L. H. Blankenship, and L. D. White. 1984. Grazing management 

impacts on quail during drought in the Northern Rio Grande Plain, Texas. Journal 

of Range Management 37(5):442-446.

Coulloudon, B., K. Eshelman, J. Gianola, N. Habich, L. Hughes, C. Johnson, M. Pellant,

P. Podborny, A. Rasmussen, B. Robles, P. Shaver, J. Spehar, and J. Willoughby. 

1999. Sampling Vegetation Attributes. Bureau of Land Management Technical 

Reference 1734-4, Denver, CO, USA.

Dabbert, C. B., D. R. Lucia, and R. B. Mitchell.  2007.  Quails on the High Plains.  in L. 

A. Brennan, editor, Ecology and Management of Texas Quails. Texas A&M 

University Press, College Station, Texas, USA.

Dittemore, W. H., Jr. and H. W. Hyde. 1964. Soil Survey of Yoakum County, Texas. 

Washington, D.C.: U.S. Department of Agriculture, Soil Conservation Service. 

53 pp. + maps.

Evans, R. A. and R. M. Love. 1957. The step-point method of sampling—a practical tool 

in range research. Journal of Range Management 10:208-212.

Girdner, C. L., Jr., W. E. Richardson, E. D. Rivers, G. L. Reed, J. W. Green, D. R. Lowe, 

and S. B. Nix. 1963. Soil Survey of Bailey County, Texas.  Washington, D.C.: 

U.S. Department of Agriculture, Soil Conservation Service. 67 pp. + maps.



Texas Tech University, Eric Abercrombie, August 2008

41

Grice, D. G., W. Green, and W. Richardson. 1965. Soil Survey of Hockley County, 

Texas. Washington, D.C.: U.S. Department of Agriculture, Soil Conservation 

Service. 65 pp. + maps.

Guthery, F. S.  2002.  The technology of bobwhite management:  The theory behind the 

practice. Iowa State Press, Ames, Iowa. 215 pp.

Guthery, F. S. 1986. Beef, brush, and bobwhites: quail management in cattle country. 

Caesar Kleberg Wildlife Research Institute Press, Texas A&I University, 

Kingsville, Texas. 182 pp.

Guthery, F. S., T. B. Doerr, and M. A. Taylor. 1981. Use of a profile board in sand 

shinnery oak communities. Journal of Range Management 34(2):157-158.

Hanson, H. M. and F. S. Guthery. 2001. Calling behavior of bobwhite males and the call 

count index. Wildlife Society Bulletin 29(1):145-152.

Keplar, C. B. and J. M. Scott. 1981. Reducing bird count variability by training 

observers. Studies in Avian Biology 6:366-371.

Lehmann, V. W. 1984. Bobwhites in the Rio Grande Plain of Texas. Texas A&M 

University Press, College Station. 371 pp.

Lusk, J. F., S. G. Smith, S. D. Fuhlendorf, and F. S. Guthery. 2006. Factors influencing 

northern bobwhite nest-site selection and fate. Journal of Wildlife Management 

70(2):564-571.

Newman, A. L. 1964. Soil Survey of Cochran County, Texas. Washington, D.C.: U.S.

Department of Agriculture, Soil Conservation Service. 80 pp. + maps.

Nudds, T. D. 1977. Quantifying the vegetative structure of wildlife cover. Wildlife 

Society Bulletin 5:113-117.



Texas Tech University, Eric Abercrombie, August 2008

42

O’Brien, T. G., K. H. Pollock, W. R. Davidson, and F. E. Kellogg. 1985. A comparison 

of capture-recapture with capture-removal for quail populations. Journal of 

Wildlife Management 49(4):1062-1066.

Otis, D. L., K. P. Burnham, G. C. White, and D. R. Anderson. 1978. Statistical inference 

from capture data on closed animal populations. Wildlife Monographs 62. 135 pp.

Robel, R. J., D. J. Dick, and G. F. Krause. 1969. Regression coefficients used to adjust 

bobwhite quail whistle count data. Journal of Wildlife Management 33(3):662-

668.

Rosene, W. 1984. The bobwhite quail: its life and management. The Sun Press, Hartwell,

Georgia. 418 pp.

Seiler, T. P., R. D. Drobney, and T. V. Dailey. 2002. Use of weather variables for 

predicting fall covey calling rates of northern bobwhites. Proceedings of the 

National Quail Symposium 5:91-98.

Smith, H. D., F. A. Stormer, and R. D. Godfrey, Jr. 1981. A collapsible quail trap. Rocky 

Mountain Forest and Range Experiment Station. Research Note RM-400.

SPSS, Inc. 2006. SPSS Base 15.0 User’s Guide. SPSS Inc., Chicago, Illinois, USA.

Stoddard, H. L. 1931. The bobwhite quail: its habits, preservation and increase. Charles 

Scribners’ Sons, New York. 559 pp.

Stokes, A. W. 1967. Behavior of the bobwhite, Colinus virginianus. The Auk 84(1):1-33.

Townsend II, D. E., R. E. Masters, R. L. Lochmiller, D. M. Leslie, Jr., S. J. DeMaso, and 

A. D. Peoples. 2001. Characteristics of nest sites of northern bobwhites in 

western Oklahoma. Journal of Range Management 54(3):260-264.



Texas Tech University, Eric Abercrombie, August 2008

43

Wallmo, O. C. 1956. Ecology of scaled quail in west Texas. Texas Game and Fish 

Commission. Special Report, Project W-57-R.

Wellendorf, S. D., W. E. Palmer, and P. T. Bromley. 2004. Estimating calling rates of 

northern bobwhite coveys and measuring abundance. Journal of Wildlife 

Management 68(3):672-682.

Wilkins, R. N. and W. G. Swank. 1992. Bobwhite habitat use under short duration and 

deferred-rotation grazing. Journal of Range Management 45(6):549-553.



Texas Tech University, Eric Abercrombie, August 2008

44

Table 2.1.  Linear regression models explaining influence of habitat characteristics on 
abundance of northern bobwhite in TBCR 18 during 2006.  Akaike’s Information Criteria 
corrected for sample size (AICc) were used to rank the models.

     Modela RSSb Kc AICc ∆AICc
d

    wi
e

W 0.56  3 -41.06     0.00   0.234
V2 0.59         3 -40.28     0.78   0.158
W, V3 0.49  4 -39.47     1.58   0.106
W, V2 0.50  4 -38.99     2.07   0.083
V3 0.67  3 -38.40     2.65   0.061
V1 0.69  3 -38.07     2.99   0.053
W, V1 0.54  4 -38.00     3.05   0.051
W, B 0.55  4 -37.53     3.52   0.040
V1, V2 0.56  4 -37.21     3.84   0.034
B, V2 0.57  4 -37.13     3.92   0.032
V2, V3 0.59  4 -36.46     4.60   0.023
W, B, V3 0.46  5 -35.77     5.29   0.017
W, B, V2 0.47  5 -35.44     5.62   0.014
V1, V3 0.64  4 -35.29     5.76   0.013
W, V1, V2 0.47           5 -35.25     5.81   0.012
W, V1, V3 0.48  5 -34.96     6.09   0.011
B, V1 0.66  4   -34.85     6.21   0.011
W, V2,V3 0.49  5 -34.81     6.25   0.010
B, V3 0.67  4 -34.65     6.41   0.009
W, B, V1 0.50  5 -34.32     6.73   0.008
B, V1, V2 0.55  5 -32.92     8.13   0.004
V1, V2, V3 0.56  5 -32.54     8.51   0.003
B, V2, V3 0.57  5 -32.47     8.59   0.003
B, V1, V3 0.62  5 -31.10     9.96   0.002
W, B, V1, V2 0.45  6 -30.13   10.92   0.001
W, B, V2, V3 0.45  6 -30.00   11.06   0.001
B 1.18  3 -29.99      11.06               0.001
W, B, V1, V3 0.46  6 -29.93   11.12            < 0.001
W, V1, V2, V3 0.47  6 -29.61   11.45            < 0.001
B, V1, V2, V3 0.55  6 -27.12   13.94            < 0.001
W, B, V1, V2, V3f 0.44  7 -22.80   18.26            < 0.001
aAbbreviations correspond to model variables defined in the text.
bResidual sum of squares.
cNumber of estimable variables in approximating model.
dDifference in value between AICc of the current model versus the best model (AICc min).
eAkaike weight.  Probability that current model (i) is the best model.
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Table 2.2.  Linear regression models explaining influence of habitat characteristics on 
abundance of northern bobwhite in TBCR 18 during 2007.  Akaike’s Information Criteria 
corrected for sample size (AICc) were used to rank the models.

Modela RSSb Kc AICc ∆AICc
d

    wi
e

W 0.66  3 -38.79     0.00   0.229
V2 0.69         3 -38.09     0.69   0.162
V3 0.70  3 -37.75     1.04   0.136
W, V3 0.59  4 -36.46     2.33   0.072
W, V2 0.61  4 -36.16     2.63   0.062
W, V1 0.62  4 -35.82     2.97   0.052
V1 0.81  3 -35.69     3.09   0.049
W, B 0.65  4 -35.03     3.75   0.035
B, V2 0.65  4 -35.01     3.77   0.035
B, V3 0.67  4 -34.65     4.14   0.029
V1, V2 0.68  4 -34.52     4.27   0.027
V2, V3 0.68  4 -34.47     4.31   0.026
V1, V3 0.69  4 -34.10     4.69   0.022
B, V1 0.78  4 -32.27     6.51   0.009
W, B, V3 0.59           5 -31.84     6.94   0.007
W, V1, V3 0.59  5 -31.82     6.97   0.007
W, V2, V3 0.59  5   -31.79     6.99   0.007
W, B, V2 0.60  5 -31.54     7.24   0.006
W, V1, V2 0.61  5 -31.49     7.29   0.006
W, B, V1 0.62  5 -31.15     7.64   0.005
B, V1, V2 0.64  5 -30.74     8.04   0.004
B, V2, V3 0.64  5 -30.60     8.18   0.004
B, V1, V3 0.66  5 -30.14     8.64   0.003
B 1.18  5 -29.96     8.83   0.003
V1, V2, V3 0.67  5 -29.94     8.85   0.003
W, B, V2, V3 0.59  6 -26.04   12.75            < 0.001
W, B, V1, V3 0.59  6 -26.04      12.75            < 0.001
W, V1, V2, V3 0.59  6 -26.01   12.78            < 0.001
W, B, V1, V2 0.60  6 -24.12   13.05            < 0.001
B, V1, V2, V3 0.63  6 -24.98   13.81            < 0.001
W, B, V1, V2, V3f 0.59  7 -18.54   20.25            < 0.001
aAbbreviations correspond to model variables defined in the text.
bResidual sum of squares.
cNumber of estimable variables in approximating model.
dDifference in value between AICc of the current model versus the best model (AICc min).
eAkaike weight.  Probability that current model (i) is the best model.
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Table 2.3.  Relative importance weights of variables predicting northern bobwhite 
abundance during 2006 and 2007.  

        Variable w + (j) 2006 w + (j) 2007

W      0.5903      0.4886
V2      0.3825      0.3427
V3      0.2630      0.3171
V1      0.2049      0.1877
B      0.1446      0.1409
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