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Introduction
For many ranchers, Northern bobwhites (Colinus virginianus) are a treasured rangeland
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inhabitant. The spring ritual of whistling males or explosive covey flushes in the fall
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provide rich viewing and sporting opportunities that are priceless. Unfortunately,
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bobwhite populations are declining throughout their historic range and populations
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in Texas, once considered a stronghold for the species, have also suffered steep
declines. This downturn is not surprising given the historically damaging drought that
Texas has suffered. Without rainfall, the grasses, forbs, and trees that bobwhites rely
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on for life support cannot grow. Prolonged periods of drought degrade these critical
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habitat elements which, in turn, reduce the number of birds a given area can sustain.
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Drought during the reproductive season, beginning in late spring and continuing
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through summer, is likely the most devastating natural event for the species. Drought
causes a large proportion of bobwhite hens to forgo nesting and for the nests that do
hatch, chick mortality is high because insects, a young bobwhites major food source,
are absent in dry vegetation. For short-lived species such as quail, the loss of an
annual cohort of chicks has a major impact on population size. Fortunately, bobwhite
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populations on the historic Four Sixes Ranch have not suffered the steep declines
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observed on much of the Rolling Plains of Texas. Relative stability of the ranch’s
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bobwhite populations can be attributed to a comprehensive management program,
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anchored by a sound grazing management and supplemental feeding regimen initiated
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in 2010. In this issue we highlight the programs on the Four Sixes and how they can
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be implemented to help sustain bobwhites throughout the region.

Understanding the Northern Bobwhite Quail
A discussion about bobwhite management techniques would be most effective when
combined with a basic understanding of bobwhite life history and habitat requirements.
Bobwhites require several different habitat components to successfully survive and
reproduce. The plant composition of these habitats differs across their range in the
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▼ Quail use little bluestem and redberry juniper for thermal and escape cover. The density
of each should allow for quail to easily move through the understory for protection from
mammalian and avian predators. The height of vegetation that provides excellent concealment
for bobwhites.

▲ Quail create a small depression in nesting vegetation (i.e. bluestem,
yucca). They deposit their clutch of eggs and incubate them for 22- 24
days. Dense nesting cover is important for the concealment of incubating
hens and their clutches.

United States, but the functions performed are the same; bobwhites
need plants to protect and feed them. Plants protect bobwhites by

▲ After 24 days of incubation, quail chicks will use an egg tooth (tiny
pointed projection on top of their beaks that later falls off) to chip a ring
around the top of the egg. Each viable egg in a clutch will typically hatch
within 24 hours of one another.

sought out by nest predators. Bobwhites need large blocks of nesting
cover or their nests might be easily found and the eggs eaten.

shielding them from predators and from thermal extremes. These

Brood rearing becomes priority upon successful hatching of a clutch.

shielding or covering functions are best described according to their

Cover requirements for bobwhite chicks changes. Chicks, only an

specific purpose, providing cover for: nesting; brood rearing; feeding/

inch tall at hatch, are unable to move freely about in the thick cover

travel; loafing/resting; escape; and roosting. Unlike more nomadic-type

bunchgrasses provide and need to be able to move easily with the

birds, Bobwhites tend to stay within an area of 20 to 30 acres, though

protection of overheard concealment. They also require vegetation

long distance movements of several miles are possible. Because of this

hosting large amounts of invertebrates, such as grasshoppers,

relatively sedentary nature, the different required cover types must be

in order to satisfy their high requirements for protein-rich food.

available within their normal daily range.

Ideal cover for chicks is an area with green leafy forbs to provide

Cover Requirements

an overhead safeguard and to attract insects. This cover must not
be too thick, but have sufficient bare ground beneath the canopy,

Nesting cover for bobwhites on the Texas Rolling Plains is usually

allowing for uninhibited movement and access to food. Species,

supplied by native perennial bunchgrasses, such as little bluestem

many that are considered noxious weeds, such as ragweed (Ambrosia

(Schizachyrium scoparium), big bluestem (Andropogon gerardii),

spp.), broomweed (Amphiachyris dracunculoides), partridge pea

Indiangrass (Sorghastrum nutans), and various gramas (Bouteloua

(Chamaecrista fasciculata), and croton (Croton spp.) provide excellent

spp.). Residual growth from the previous year is crucial and often the
only thing available during the early nesting season or during drought.
Hens will also nest under or within a variety of formidable plants such
as pricklypear cactus (Opuntia spp.), yucca (Yucca spp.), and tasajillo
(Opuntia leptocaulis). Hens lay one egg per day until they reach a
sufficient clutch, averaging 12-15 eggs, at which time they will then
begin to stay on the nest for sustained periods, incubating the eggs for
most of the day. Each nesting female has to hide their clutch of eggs
and themselves from predators for the 22-24 day incubation period.
Small patches of nesting cover will not suffice as they can easily be

The first few weeks of a quail’s life are difficult to document because they
are camouflaged and stay hidden. We use special radio transmitters that we
attach to quail chicks so that we can find and monitor them. This particular
chick was fitted with a special radio marker on day 12. At 12 days they are
able to take small flights with their fast emerging wing feathers.
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availability they offer makes such vegetation desirable.
Woody plants can also serve as a major food source
especially during times of limited food availability.
Escape cover for bobwhites is generally dense to
moderately dense brush or thick forb or grass cover,
although brush is most favored. Bobwhites, when
threatened by predation or otherwise startled, will head
for the protection provided by such dense canopy and
vegetation structures. Some species commonly found
on the Rolling Plains and the Llano Estacado that might
provide adequate escape cover include: mesquite (in
mottes), ashe juniper, red-berry juniper, prickly pear
patches, tasajillo, lotebush, and assorted forbs/grasses,
▲ Woody vegetation interspersed with tall grasses provides excellent cover for quail,
whether resting, loafing or attempting to escape predators. This picture was taken ~50
feet from a nesting hen on the 6666 Ranch and shows a quality mixture of Chickasaw
plum, juniper trees, and bluestem.

brood rearing cover and serve as an important seed source in the fall and winter.
Brood rearing habitat must also be close to loafing/resting cover.

provided they are in dense stands.
Roosting cover is an especially easy requirement to fulfill
for bobwhites. Bobwhites will generally roost anywhere
that there is vegetation that does not obstruct a quick
burst of flight. Roosting in a circle with their heads facing
outward, the Bobwhite’s roosting pattern allows for a

Feeding and travel cover are similar to that of brood rearing with a few exceptions.

quick escape when rousted by a predator. Roosting cover

Adult bobwhites eat a variety of foods so feeding cover should contain a mosaic

is often in the open with no to limited shelter in direct

of different plants. Feeding cover should include grasses interspersed with forbs,

proximity to allow for unobstructed flight in all directions.

brushy/woody cover, and a little bare ground to allow for scratching, dust baths,
and mobility. Such shelter should not be so dense that it inhibits travel and should
allow for overhead concealment from predators.

Based on the aforementioned cover requirements,
it is easy to see that bobwhites need a myriad of
vegetation types to survive and complete their life

Loafing cover can encompass multiple vegetative types and may depend on local

cycle. These cover types must be close to one another

conditions. Bobwhites will rest in the protection of perennial bunchgrasses and

so that bobwhites do not have to spend a significant

taller multi-stemmed forbs, but tend to favor woodier haunts. Woody shrubs such

length of time exposed. Exposure is a danger. It creates

as redberry juniper (Juniperus pinchotii), ashe juniper (Juniperus ashei), sand plum

vulnerabilities for a bobwhite as predators, alert and

(Prunus angustifolia), lotebush (Ziziphus obtusifolia), sand shinnery oak (Quercus

searching, are always close by.

havardii), and spiny hackberry all provide good loafing/resting concealment. Bare
ground, shade, overhead protection from predators, and the near year-round
▼ Natural nest predators occur throughout all of the northern bobwhite’s range. This
coyote was taking advantage of unhatched quail eggs that were left behind after a
hen successfully incubated 9 of 14 eggs. The picture was taken by a camera that was
monitoring the nest.

▼ Quail are susceptible to many forms of predation. By
examining fresh remains left behind, we are able to determine
a raptor has removed the breast meat, leaving the remnants
of a quail behind.

▲ Examining the crops of quail can aid in determining which foods the
birds are selecting in their native habitat. This quail was using supplemental
feed along with some native insects and native grass seeds.

Survival

▲ Examining the crops of quail can aid in determining which foods they
are selecting in their native habitat. Here we have the crop contents of an
individual examined during a Quail-Tech feed study. Within it one can see a
mixture of (in order of total %): milo, millet, insects, western ragweed, sand
croton, and mixed vegetation.

Bobwhites experience highly variable annual mortality dependent upon

Such efforts have not proven effective in Texas. Techniques for

the season and climatic conditions. Quail are vulnerable to various

controlling nest eating predators may be developed in the future.

predators throughout their different life stages. During the nesting
cycle, small mammals (i.e. cotton rats, striped skunks, raccoons,
coyotes) make up the majority of nest predators. Moreover, ground
dwelling birds (e.g. road runners) and reptiles (i.e. bull snakes) will
all eat a clutch of quail eggs. During the first two weeks of life,
bobwhite chicks are also susceptible to a wide variety of reptiles
(e.g. milk snakes) and small mammals along with other carnivorous
birds (e.g., ravens, road runners) and even carnivorous insects (i.e.,
centipedes). After this time, the survival rate of chicks increases
as they are able to fly and escape potential predators. During the
juvenile and adult stages of life, bobwhites are susceptible to a
wide array of raptors (i.e. Cooper’s hawks, sharp-shinned hawks,
Swainson’s hawk, and red-tailed hawks) and mammalian predators
(i.e. coyotes, bobcats).

The most tried and tested approach to reduce the effects of
predators on bobwhites is to improve habitat quality (i.e. escape
and loafing cover). Quail have evolved to counteract the widely
variable annual mortality and nest losses by producing large
clutches and attempting multiple nests each season
(approx. 2-3 re-nests) if sufficient food is available.
Disease has long been suspected as an additional cause of mortality
in bobwhite populations. A common statement often heard from
landowners is, “We saw significant quail populations present in
August and September, but few to no quail in November.” Apparent
rapid reductions in bird numbers stimulates considerable discussion
regarding a hypothesis that
diseases can limit

Mammalian predator removal has been used as an effective way to
reduce nest loss in the Southeastern United States. Success
depends on the original population of mammalian
predators; if the initial concentration is
low, removal will not increase
nesting success.
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▲ In 2009 the 6666 Ranch reduced juniper stems per acre in an effort to increase native grasses. It is important that the ranch reduced stems as opposed to
total removal, leaving junipers in the area for cover. These junipers are heavily used by bobwhites during times of extreme heat and cold.

the growth of quail populations. While many individual pathogens and
parasites have been identified as causes of individual bobwhite deaths

Food

since the 1930s, no evidence ties disease to large scale bobwhite

With many different types of rangeland plants and insects being

die-offs in the wild. Disease in wild Bobwhites is not easily detected

consumed across the region, the bobwhite’s diet is diverse. (Photo 8).

unless infected birds are found and diagnosed in a timely manner.

Seeds, foliage, insects, berries, and agricultural grains comprise their

bobwhites are an inconspicuous species and individuals that might die

typical menu. Quality nutritional forage providing heavier birds with

from disease are likely to be quickly consumed by scavengers. Diseased

adequate body fat provide bobwhites a greater likelihood to withstand

birds are often in a degraded state of health and acuity. Bobwhites in

inclement weather (i.e. severe winters and drought), enter the breeding

this state are likely to become an easy meal for a predator, eliminating

season in better condition, and reduce their physiological stress.

the chance to detect or identify disease. If disease processes do

During the late fall and winter, bobwhites primarily consume the seeds

influence bobwhite populations the most likely culprits are relatively
newly emerging pathogens that appear in late summer, such as West
Nile Virus. Until researchers identify and quantify the role diseases play
in bobwhite population growth, landowners are best served to focus on
ensuring adequate cover and food are available.

of forbs (i.e. western ragweed, croton, snakeweed), woody plants (i.e.
common mesquite beans), as well as insects and some grasses. As
warmer weather arrives adult quail will switch to more insects and
green foliage in preparation for the nesting season.
The diet of chicks (up to six weeks old) is almost entirely composed
of insects, providing high nutritional value for growth. As summer
progresses, both adults and chicks will begin incorporating green seeds
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on growing plants while continuing to consume insects, such as ants, grasshoppers,

Grazing Management

beetles, larva, and other bugs. This diversified diet allow bobwhites to meet the
majority of their moisture requirements directly through their food.

Grazing management is the foundation for bobwhite
population growth on the Four Sixes Ranch. Cattle

Four Sixes Ranch Bobwhite Management Program

and their feeding activity remove quail cover inch by

In spite of all of the threats to bobwhite population growth that we have described,

point, this vegetative reduction becomes too much for

including a 100-year drought in 2011, bobwhite numbers are steadily growing

bobwhites to survive and they leave or die. The optimal

on the Four Sixes Ranch near Guthrie, Texas. One 14,000 acre pasture on the

vegetation height has not been firmly determined, but

ranch was estimated to hold more than a bird per acre during the fall of 2013 –

it is intuitive that if vegetation becomes short enough

an impressive number. Birds flushed in the pasture supported this estimate. Joe

that bobwhites can be seen, it is too short. At ten inches

Leathers, Four Sixes Ranch manager, reported flushing 2,000 bobwhites while

tall, a quail can be seen when moving within vegetation

working pointing dogs (no shooting) on the ranch during about 52 hours in the

as short as 12 inches in height. By comparing quail

field, spread over three weeks. Averaging three coveys per hour, such success is

abundance and vegetation height it’s estimated that

testament to the management program employed by the Four Sixes. An outline of

vegetation height should be a minimum of 16 inches

this impressive program follows.

with 30 inches considered optimum. Leathers has done a

A working cattle and horse ranch, the Four Sixes has traditionally placed great

commendable job exceeding the 30-inch mark even in a

emphasis on preserving grassland for livestock production. Fortunately, these
efforts have also provided quality habitat for wildlife. Management has implemented
additional habitat manipulations benefitting bobwhite management. The desire to
increase native grasses prompted the ranch to reduce juniper stems in 2009. Stem
reduction, as opposed to total removal, left junipers in pastures providing important
cover for bobwhites. Useful especially during times of extreme heat and cold, these
junipers are heavily utilized by the birds. Unfortunately, some ranches are enacting
complete removal of all of their woody cover – actions detrimental to bobwhites.
The Four Sixes has also implemented a disking regime (120 linear miles per
year) to promote forb growth when sufficient timely precipitation occurs. When
successful, these “disk lanes” contain a combination of croton, ragweed, and other
species excellent for brood habitat in spring and providing seeds in the fall.
Most importantly, however, are the ranch’s three main bobwhite strategies: proper
grazing management; an innovative supplemental feed distribution process; and
harvest management.

inch - starting with the most palatable species. At some

drought. Management moved more than 4,000 cattle off
the ranch during the 2011 drought, preserving grazing
land and wildlife habitat. Leathers has carefully monitored
rainfall events during the past three years and maintained
minimum cattle population for the purpose of forage
protection. Recommended stocking rates depend upon
several factors such as cow size, vegetation productivity,
and actual grazeable acres. The bottom line is ranchers
must maintain vegetation of sufficient height to protect
bobwhites. Proper grazing management has proven to be
the keystone component in creating a proper foundation
for bobwhite population management in Texas.

Supplemental Feeding
Due to the unpredictable nature of climatic conditions, the
Four Sixes Ranch has taken a proactive approach to quail
nutrition. In 2009, they began providing supplemental
feed (90 % milo, 10% corn) for bobwhites using an
unconventional approach. Supplemental feeding using
stationary feeders and road surface spreading has been
conducted in the state of Texas for several decades
without providing positive results for quail. In contrast, the
practice of broadcasting supplemental feed directly into
the bobwhite’s habitat has been used effectively in many
Disturbing soil using a disk during the early spring will
allow for forb growth and provide a potential safe haven
once the forb canopy is established; this forb growth is
heavily dependent on precipitation levels. When drought
conditions create significant patches of bare ground, this
step is unnecessary as forbs will sprout on their own from
these patches of bare ground when rain resumes.
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states in the South for several years. The ranch switched

feed. Survival and body weight data indicate that the supplementally-fed birds

from stationary feeders to the distributive approach

probably had greater amounts of body fat, whereas birds outside of feeding

broadcasting feed into habitat with impressive results.

areas likely had to metabolize their own body tissues – a significant contributor

Using a modified cattle feeder they spread the grain from

to their death.

the roadside edge out to a distance of 60 feet into the
vegetation at the rate of 300 pounds per mile (photo
15). Feed is broadcast every two weeks throughout the
year. Compared to birds not provided supplemental feed
survival increased (10.6% and 21.9% higher in 201011 and 2011-12, respectively) and the birds’ physical
condition improved heading into the breeding season.
Hens were able to nest earlier and longer, increasing their
likelihood to re-nest.

Taken with greater survival data for fed birds for the period before the storm,
these numbers indicate the strong survival benefit of providing supplemental feed
by broadcasting it into bobwhite habitat during fall and winter months. These data
represent the third consecutive year that the Texas Tech University’s Department
of Natural Resources Management and the Four Sixes Ranch have detected a
significant survival benefit for bobwhites fed with this new strategy. The technique
represents a tangible way to increase bobwhite survival and thus the number of
breeding pairs present in the spring.

As staunch conservationists, most quail hunters
appreciate the fact that killing fewer birds today will
result in more for the future.
Bobwhite quail are challenged most during winter months
when native seed production is naturally low or nonexistent due to summer droughts. Providing supplemental
feed during these stressful weather conditions can help
carry quail into potentially better conditions. A striking
example of this phenomenon occurred on the Four Sixes
during winter of 2014. One-hundred-thirty-six birds
wearing radio transmitters on a supplemental feeding
study site took the brunt of a major winter storm that
hit the ranch on January 31. Mortalities from the event
totaled 27 of the monitored quail. Many of the mortalities
found were frozen birds, unable to survive the severe
weather event (photo 16). These birds were weighed to
determine the difference in weight from when the birds
were captured in the fall to their winter weights after
the storm. The body weights of deceased birds averaged

Hunting Management
As staunch conservationists, most quail hunters appreciate the fact that killing
fewer birds today will result in more for the future. The Four Sixes Ranch employs
this approach and has not harvested bobwhites in more than three years. While
the approach may seem excessive, the Four Sixes believes harvest should be
managed on a pasture-to-pasture basis and with a longterm focus. Managers
should be mindful that while Texas’ bobwhite hunting regulations are designed
to protect quail populations on a statewide basis, it is possible to have too much
hunting pressure on individual pastures. Consequently, landowners should take a
conservative approach and limit the total kill to 20 to 30 percent of the population
within huntable pastures. Population size can be estimated using fall covey
counts (a topic to be visited in future issues) and limits can be set on a pasture by
pasture basis. During drought years, when no replacement birds are coming from
reproduction, we encourage landowners to forego shooting quail and just enjoy
watching dogs point.

109.8 grams (g), nearly 50 g less than the fall trapping

Grazing management, a new supplemental feeding strategy and hunting

average (172.4 g). Weight loss of 70 g was not an

management have all been used by the Four Sixes to increase their bobwhite

uncommon occurrence, representing, in some cases, a

numbers since the extreme drought conditions of 2011. All landowners concerned

40% decrease in total body weight.

about the iconic bobwhite are encouraged to adopt similar measures. Quail

Birds outside of the supplemental feeding program
suffered a 48% mortality rate while units receiving feed
averaged only 5% mortality. It is evident from these
numbers that quail without supplemental feed suffered
10 times greater mortality during the January 31 storm
compared to birds with the broadcasted supplemental
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Concentration Areas (QCA) are an option for landowners lacking the flexibility to
employ these techniques on entire ranch properties. Such locations are portions
of a property designated to receive priority management for quail. Creating
QCAs with as large an acreage as possible is important. From there, focusing on
the techniques described in this publication will provide landowners with a solid
foundation for a successful bobwhite management plan.

▲ Maintaining a delicate balance between forb and grass growth during a drought can be a daunting task. This is the 6666 Ranch during the 2010-2011
droughts. They were able to reduce their cattle stocking rate enough to protect the much needed balance between bare ground and dense vegetation
that quail seek out.

Bobwhite Management Activities:

where broadcast feeding is a staple and quail numbers and nest
production have increased steadily.

GRAZING – by altering grazing regimes, timing, and stocking rates
ranchers are able to promote healthy, native rangeland by protecting
forage and water resources. This aids in enhancing watershed
functions, stabilizing soils, maintaining nutrients within the system,
and ultimately promoting a diversity of vegetative structures—all key
to cultivating quail habitat. A minimum 16-inch vegetation height
is recommended with mid and tall grass communities, but greater
vegetation height to 36 inches likely improves bird survival.
SUPPLEMENTAL FEED – nowhere has supplemental feed been
shown to work except when feed (e.g. sorghum) has been broadcast
along roadsides or feeding trails and into the adjacent vegetation.
In contrast to other practices (e.g. food plots, stationary feeders),
broadcast feeding allows feed to be distributed over a larger area
and for quail to remain concealed in nearby vegetation while feeding,
limiting their exposure to predators and the elements. Ranchers and
landowners can take a page from the Four Sixes management plan

QUAIL CONCENTRATIONS AREAS (QCA) – resources and manpower are often at a premium for any landowner, but QCA’s should be
used as an alternative when broad-scale management is not feasible.
This might include managing 2,000 acres of a 12,000 acre ranch,
focusing on maintaining a quail population at the present, so when
resources become available, there is a baseline to plan from. Once a
population is lost or pushed out of an area, restoring is very difficult,
thus QCAs can be a great approach for landowners to maximize limited
resources on defined populations on a ranch.
WOODY COVER - while brush piles have been seen as a way to
promote quail habitat, they are often lacking the network of walkways
and openings beneath the pile to be effectively utilized by quail. In
addition, with warm summers and strong plains winds, much of the
leaf structure offering concealment desiccates within a year or two
and no longer provides adequate cover. A better approach is for
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▲ The bird pictured here was found on a “No Feed” (control) site on the
6666 Ranch after a major snow storm in 2014. Researchers found many
birds like this, huddled up and frozen, starved to death after being unable to
access any food sources as a result of the deep snow. The arrow points to the
radiotransmitter antenna. All birds monitored wearing this radio allows them
to be located every two or three days.

▲ This graph details the survival rate for quail in supplemental feed (broadcast into the vegetation) versus no feed units on the Quail-Tech Alliance
research site on the 6666 Ranch. Each experimental unit (feed vs. no feed) comprises 1,000 acres and there are 4 replicates of each unit. As one can see,
on January 31st a large snow event, bringing nearly 11 inches of snowfall, hit the area. As snow remained on the ground for nearly a week, birds without
feed suffered a massive die-off, likely resulting from their inability to forage for food in the deep snow. Birds in the fed units, with steady access to
broadcast supplemental feed, suffered minimal mortality. The I-shaped bars on each point represent the standard error or relative amount of uncertainty
concerning each estimate.

landowners to promote native woody cover

with recommendations for quail habitat

such as Chickasaw plum, wild grape, and

improvement and quail harvest numbers and

aromatic sumac while also manipulating

host a research or demonstration project

sometimes “unwanted” residual cover such as

during one year of the five year project.

mesquite and shin-oak by half-cutting.

Additionally, each ranch receives recognition
in project newsletters, at field days, on the

HUNTING MANAGEMENT – knowledge of

project website, and with promotional items

hunting management is crucial to supporting

including a gate sign. For more information

and maintaining quail populations, whether

go to www.quail-tech.org.

that be hunting only a certain percentage of
local birds or ceasing hunting all together.
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▲ This hen is brooding her chicks.
Chicks this young cannot thermoregulate
themselves. When it is cool she provides
their source of heat and insulation.
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