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Across the world, man’s fascination with 
game birds has spanned hundreds, if 
not thousands, of years. Undoubtedly, the 
quail, turkey, dove, ducks, and geese of West 
Texas played a vital role in our early history 
as indigenous people and early pioneers who 
pursued and harvested game birds as a means 
of survival.

Today, our interests in game birds are 
not based on subsistence. They are, however, grounded in long-
standing hunting and culinary traditions that have stood the test of 
time. Further, our appreciation for and admiration of game birds 
has evolved beyond a utilitarian perspective. For many, game 
birds provide endless entertainment and enjoyment through non-
consumptive means such as birdwatching.  

Regardless of why you treasure game birds, we strive to better 
understand the diversity of game birds of the Chihuahuan Desert 
Borderlands, so that we can help sustain their populations. We hope 
you enjoy the 2023 Game Bird Research Report!
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The Trans-Pecos region is ideal for 
game bird research. Since 2020, we have 
graduated seven students with their M.S. 
degrees, presented at state and national 
conferences, published popular and peer-
reviewed articles, and received roughly half 
a million dollars in grants. We currently have 
three graduate students and are hiring more 
for quail projects.

Two quail species have received the majority of our focus recently: 
scaled quail and Montezuma quail. These are both iconic species, 
and our research aims to provide landowners and managers 
with science-based information that can be used to make sound 
management decisions.

These projects would not be possible without support from various 
chapters of the Quail Coalition, namely Park Cities Quail, Cross 
Timbers Quail, and Permian Basin Quail coalitions. Additional 
support from ConocoPhillips, The Nature Conservancy, and 
landowners have brought these projects to fruition. We sincerely 
thank you all for your continued support of game bird research in 
the Trans-Pecos.

Ryan S. Luna, Ph.D.
  Kelly R. Thompson Professor of Quail Research

ENDOWED POSITIONS

OUR MISSION:
Conserving the natural resources of the 
Chihuahuan Desert Borderlands through 
research, education, and outreach.

Kelly R. Thompson
Professorship of 
Quail Research

John B. Poindexter
 Endowed Fellowship in 

Quail Research

Since 2007, the Borderlands Research Institute has encouraged effective land stewardship of the 

ruggedly beautiful terrain of the Chihuahuan Desert. By providing land managers with the most 

current scientific information, the Borderlands Research Institute is helping to conserve one of the 

most biologically diverse regions of the world. 

Housed at Sul Ross State University, the Borderlands Research Institute builds on a long-lasting 

partnership with private landowners, the university’s natural resource program, cooperating state, 

federal, and non-governmental organizations, and other stakeholders. Faculty scientists and the 

graduate students they mentor are conducting groundbreaking research on every aspect of the 

desert landscape and the wildlife it supports.
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The Trans-Pecos region of Texas hosts four species of quail: northern bobwhite, 
scaled, Gambel’s and Montezuma. Scaled quail are widespread across the 
Trans-Pecos; however, there is little data regarding their diets in the region. 
Understanding more about their diets can help land stewards better manage for 
this species, thereby helping to insure the quail’s long-term success in the area. 
Additionally, understanding their diet provides important ecological data that 
contributes to a fuller understanding of the natural habitats and ecosystems this 
bird inhabits. 

We conducted research to determine the primary forage that scaled quail 
selected on 16 properties throughout the Trans-Pecos. Some of the properties 
provided supplemental feed for the quail in the form of quail blocks, bird seed 

mixes, or milo. By assessing ranches that provided feed, as well as those that did not, we were able to determine 
primary forage items selected from the landscape.

We collected samples throughout the year from 2018 to 2020. Overall, 183 quail were collected and forage from 
their crops (the food storage pouch at the base of the throat) was examined. In total, 78 different forages were 
identified. We separated samples collected from ranches that provided supplemental feed and those that did not. 
We pooled forages from across the year to determine the top forages selected from each category and excluded 
the supplemental feed, which accounted for 49-63% of the crop contents (mostly milo). 

The following table shows the top ten forages found in the crop contents for scaled quail from ranches that 
provided supplemental feed and those that did not.

SCALED QUAIL:
Primary forages and diet selection of 
scaled quail in Trans-Pecos, Texas
Zoe R. Carroll, Louis A. Harveson, Dale Rollins (RPQRF1), and Ryan S. Luna

To understand how the forages that were selected by quail compared to what forages were available on the 
landscape, we utilized a selection index analysis. We analyzed soil seed bank samples and performed line-
intercept vegetation surveys. We then compared the prevalence of the potential forages from the landscape to 
their presence in the quail crops. The following table indicates forage species that were being specifically targeted 
in the landscape regardless of if the ranch provided supplemental feed or not.

Many of these were not in the top ten forages selected from the crop samples, but they were being selected for 
when compared to their abundance on the landscape. In other words, the plant or forage may not have been 
abundant on the landscape but was sought out and selected by the quail.

This information can be used to help manage for scaled quail across the Trans-Pecos. Land stewards can identify 
and try to protect and propagate areas dominated by the forages in the selection index. Additionally, land 
stewards can consider providing supplemental water and feed in cases where adequate amounts of native forages 
are not available if they wish to maintain current quail populations. It should be noted that some vegetation 
species that did not make the list are important to quail for other reasons. Quail utilize plants for loafing (resting 
and preening during the day), roosting, and nesting cover such as mesquite, catclaw, sotol, and Spanish dagger. 
While many may not see these as valuable on their property, quail often utilize them when native plant diversity 
and cover is lacking.

Bipinnate tansymustard Prickly Russian thistle

Browntop signalgrass Common desmathus

Tasajillo Blue grama

Maltese star-thistle Fendler’s bladderpod

Arizona spurge Switchgrass

Gummyleaf acacia Mescat acacia

FORAGES TARGETED ACCORDING TO SELECTION INDEX

1 Gummyleaf acacia Browntop signalgrass

2 Tasajillo Prickly Russian thistle

3 Common desmanthus Golden crownbeard

4 Insects Insects

5 Caltrop Barberry

6 Woody crinklemat Milkvetch

7 Pigweed Pigweed

8 Texas bindweed Hedgehog cactus

9 Browntop signalgrass Gummyleaf acacia

10 Croton Mescat acacia

RANCHES WITH SUPPLEMENTAL FEEDTOP FORAGES
SELECTED

NON-FED RANCHES

Sample of crop contents from a scaled quail. 
These seeds were identified as browntop 
signalgrass (top left), tasajillo (top right), 
common sunflower (bottom left), and woolly 
croton (bottom right).

1 Rolling Plains Quail Research Foundation
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Quails throughout the Trans-Pecos are 
experiencing population declines due 
to a wide array of factors. Some of 
these are anthropogenic such as habitat 
fragmentation and overgrazing, but there 
may be other factors from the landscape 
affecting these quail populations 
negatively. 

Currently, little is known regarding how 
parasites might be contributing to the 
decline of endemic quails in the Trans-
Pecos region. Two parasites featured in 
recent research on northern bobwhites 
in other parts of Texas have yet to be 
studied in the Trans-Pecos. To determine 
if these parasites are present in quail 
populations in the Trans-Pecos we 
conducted a study to assess infections 
in our desert quail species, specifically 
scaled quail, Gambel’s quail, and 
Montezuma quail.

We collected quail samples from 21 
properties across the Trans-Pecos region. 
Samples were collected throughout the 
year from 2018-2020 during the hunting 

season and with a scientific permit during the rest of the year. In total, we collected 650 scaled quail, 14 
Gambel’s quail and five Montezuma quail. Each specimen was necropsied and eyeworms and cecal worms 
(worms infecting the cecum, a part of the large intestine) were collected. We also recorded the sex, age, and 
season of collection to determine if any of these variables were influential to the overall parasite load.

Assessments of the scaled quail indicated 66% were infected with eyeworms with an average infection rate 
of eight eyeworms per specimen. We did have one individual that had 79 eyeworms. Results of the analysis 
indicated that eyeworm infection rates in scaled quail were similar between males and females. There was an 
11% higher prevalence of eyeworms in adult scaled quail compared to juvenile scaled quail. Of the scaled 
quail specimens, 98% had cecal worms. On average, there were 76 cecal worms per bird, with a high of 386 
cecal worms in one specimen. The prevalence of cecal worms was similar in scaled quail regardless of sex 
and age. 

Fifty percent of the Gambel’s quail were infected with eyeworms. Of those infected, the average number of 
eyeworms was eight, with a high of 35 eyeworms in one specimen. Adult males had a higher abundance of 
eyeworms and intestinal worms than adult females. One hundred percent of the Gambel’s quail samples were 
infected with intestinal parasites. However, the juvenile Gambel’s quail had a greater prevalence of intestinal 
worms compared to adults. The average number of intestinal worms per Gambel’s quail was 75, with a high 
of 412 worms in one individual. 

All of the Montezuma quail tested were infected with eyeworms. They exhibited a higher prevalence of 
this parasite compared to our scaled and Gambel’s quail samples, with an average of 12 eyeworms per 
quail. One specimen exhibited a high of 15 eyeworms. All five Montezuma quail sampled had intestinal 
worms present, with an average of 38 per bird. This infection rate was roughly half of what was seen in the 
Gambel’s quail. Among Montezuma samples, adult females had the highest number of intestinal worms, with 
one specimen containing a high of 89. 

Overall, the prevalence rates of parasites from the specimens examined in this study are lower than what 
was found in the northern bobwhite quail that were studied in other parts of Texas. One factor that may be 
contributing to the lower prevalence rates is the arid environment of the Trans-Pecos region which could be 
resulting in lower insect abundance (which is the intermediate host for these parasites). 

Further studies are warranted to determine if eyeworm and intestinal worms are impacting the survival of 
desert quail.

PARASITES IN QUAIL:
Parasite evaluation in desert quails of 
Trans-Pecos, Texas
Rachel E. Bittner, Carlos E. Gonzalez, Dale Rollins (RPQRF), and Ryan S. Luna

Eyeworms visible in scaled quail and cecal worms collected from same individual.
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Quail populations in Texas have been in decline over the past few decades; however, the role parasites may play 
has been largely dismissed. To help address this, we collected scaled quail, Gambel’s quail, and Montezuma quail 
from across the Trans-Pecos region. We conducted histopathological (tissue) analyses on a subset of quail samples 
to gain information on parasite-related tissue damage. 

We assessed 12 scaled quail, eight Gambel’s quail, and three Montezuma quail. This study was the first to 
document the following: 1. the nematode Subulura sp. and Physaloptera sp. in Montezuma quail, 2. eyeworm 
and cecal worms in a Texas Gambel’s quail, and 3. the protozoa Sarcocystis sp. in the muscular tissue of a scaled 
quail (which can cause inflammation of the brain).

We also documented a Mycobacterium sp., likely M. avium-intracellulare or M. genavense, in the liver and spleen 
of one scaled quail. Both species of bacteria are capable of causing avian tuberculosis. Pathology also indicated 
this quail likely had liver failure. This supports the idea that quail infected with Mycobacterium have a decreased 
chance of survival.

All individuals sampled across the three quail species experienced some level of inflammation associated with 
eyeworm infections. Specifically, there was inflammation within the Harderian gland, which is a secretory gland in 
the eye that lubricates the eye and eyelids. Four scaled quail, four Gambel’s quail, and two Montezuma quail also 
had evidence of chronic inflammation of the moist tissues of the eye.

If all these pathogens are prolific in the quail population, this could be contributing to the quail decline. Overall, 
further histological analyses of quail across the Trans-Pecos is warranted to determine the prevalence of these 
nematodes, protozoa and bacteria.

The Bosque del Apache National Wildlife Refuge, located 
in central New Mexico, serves as a wintering ground 
in the Chihuahuan Desert for hundreds of thousands of 
waterfowl and shorebirds each year. Limited wetland 
availability within this arid landscape requires intensive 
management programs focused on maximum food 
production to support the high numbers of birds utilizing 
the refuge. In order to maximize forage production, the 
refuge implements moist-soil management. The refuge 
maintains an annual goal of producing 2.5 million pounds 
of natural moist-soil managed seeds, yielding 1.4 million 
duck-use-days, which is a measure of how many ducks 

utilize the refuge over a period of time. They also maintain a goal of producing 1.2 million pounds of grain crops 
to support approximately 50% of the Rocky Mountain population of sandhill cranes and approximately 50% of 
the population of snow and Ross’s geese. 

To assess the seed bank available to waterfowl, we collected soil core samples across the refuge. After analyzing 
the soil core samples, we discovered that seed productivity and estimated duck-use-days from core samples were 
significantly higher than the refuge estimates using seed yield surveys. Results indicated that using core samples 
could provide a more accurate estimate of the seed available for waterfowl. It was also determined that seed 
productivity, estimated using core samples, was not significantly influenced by water depth, flood duration, flood 
initiation date, or draw-down date. 

Overall, this study suggests that utilizing soil core sampling on wetlands might provide better estimates of available 
forage. Although this method is more time consuming than using seed yield surveys, individuals working with 
waterfowl and managing wetlands should incorporate soil core sampling into their methodologies to aid in 
determining the wetlands’ forage production. If used across years, this methodology could help managers estimate 
how production changes with environmental heterogeneity. 

Histopathology of quails in
Trans-Pecos, Texas
Trey E. Johnson, Dale Rollins (RPQRF), Carlos E. Gonzalez-Gonzalez, Joshua G. Cross, and Ryan S. Luna

Parasite with eggs in tissue of scaled quail.

WATERFOWL:
Impacts of management on food production 
for migrating waterfowl
Maribel E. Glass, Daniel P. Collins (USFWS2), Bonnie J. Warnock, and Ryan S. Luna

Collecting a core sample in one of the study plots to 
assess seed bank composition.

2 U.S. Fish and Wildlife Service



10 11

CURRENT STUDENTS AND ONGOING PROJECTS
BROOKE BOWMAN 

Habitat 
preference, 
nesting habits 
& survival of 
scaled quail in the 
Permian Basin

Scaled quail are 
the most widely 
distributed quail 
species in West 
Texas, but their 
populations 
have declined 

since the 1960s. This decline is likely due to habitat 
loss and habitat fragmentation, among many other 
factors. Little is known about their life history response 
to oil and gas development in the Permian Basin of 
Texas. Brooke’s project seeks to investigate habitat 
preference, nesting habits and survival across three 
gradients of energy development. From this study, we 
can develop a more comprehensive understanding of 
how oil and gas development is affecting scaled quail 
populations in the Permian Basin.

CALEB HUGHES 
Winter habitat 
selection, 
movement 
behavior & 
survival of scaled 
quail 

Scaled quail are 
an important 
wildlife species 
throughout the 
Trans-Pecos 
region that has 
experienced 

declines in recent decades. Several voids exist in 
our knowledge of scaled quail in this region, such 
as how populations respond to winter conditions. 
Caleb’s project will monitor scaled quail in the Trans-
Pecos using Global Positioning System transmitters to 
observe habitat selection, movement and survival of 
scaled quail during the winter. Location and survival 
data from this study will yield valuable information on 
how scaled quail utilize habitat attributes on winter 
landscapes in the Trans-Pecos and how vulnerable 
populations may be to winter conditions.

MAYA RESSLER 
Montezuma 
quail ecology 
& population 
modeling

Montezuma 
quail inhabit the 
piñon-juniper 
woodlands of 
the southwestern 
United States and 
Mexico. In Texas, 
this species is 

potentially vulnerable to environmental catastrophes, 
such as the extreme winter events experienced in 
early 2021. Winter events are known to contribute to 
over-winter mortality in other quail species, but these 
concepts have not yet been extended to evaluate 
Montezuma quail winter mortalities. Maya used 
population modeling to examine predicted population 
outcomes, local abundances, and extinction 
probability of Montezuma quail populations. She 
found that local extinction risks were much greater 
under climatic event pressures, which suggests 
extreme weather events may destabilize Montezuma 
quail populations.

Brooke was raised on the Texas Gulf Coast, in 
Baytown, Texas. Her interest in conservation 
led her to obtain her bachelor’s degree in 
environmental science from the University of 
Texas at Austin. After graduation, she interned 
for The Nature Conservancy in Arkansas and 
Selah, Bamberger Ranch Preserve, in central 
Texas. These experiences helped her narrow 
down her career interest to wildlife biology. She 
then traveled across the country to Nevada and 
southern Idaho to work with greater sage-grouse 
in the Great Basin and then to western Oklahoma 
to trap northern bobwhite quail. There, her love 
for game bird ecology was born.

Caleb was raised in the rural community of 
Grandview, Texas, and had frequent contact 
with the outdoors through hunting and fishing, 
which cultivated a passion for understanding and 
conserving natural resources. After obtaining 
an associate degree at McLennan Community 
College, Caleb moved to West Texas to pursue 
a degree in Wildlife Management at Sul Ross 
State University. After obtaining his B.S., Caleb 
decided to continue his studies at Sul Ross in 
pursuit of a master’s degree in Range and 
Wildlife Management. He enjoys studying the 
spatial relationships between wildlife and their 
environments.

Maya grew up immersed in the outdoors. 
Through her time spent hiking, camping, and 
traveling, her respect for conservation and 
wildlife grew. She was drawn to the West Texas 
high deserts after she backpacked the Chisos 
Mountains at 16 years old. After that, she was 
hooked on the conservation of the natural world. 
Maya attended Texas State University to study 
wildlife biology. During the summer of her junior 
year, she was given the opportunity to work as 
a summer intern at Davis Mountains State Park. 
There she learned more about the unique desert 
ecology and the animals that inhabit it. 



The Borderlands Research Institute at Sul Ross State University depends on private 
donations to fund much of our work. We are immensely grateful to the many partners 

who make our work possible.

Apache Ranch
ConocoPhillips

Cross Timbers Quail Coalition
Houston Livestock Show and Rodeo 

John B. Poindexter and Friends
Nine Point Mesa Ranch

Park Cities Quail Coalition

Permian Basin Quail Coalition
Quail Coalition

San Antonio Livestock Exposition
Sharp Family Vineyards

Texas Parks and Wildlife Foundation
The Nature Conservancy

U.S. Fish and Wildlife Service

Follow our activities on our website and on social media:

bri.sulross.edu

  @borderlandsresearchinstitute

  @borderlandsresearchinstitute

Photos courtesy of Michael Gray (P3 scaled quail) and BRI staff, faculty and students.
BRI staff editors include Julie Rumbelow, Shawna Graves, and Lydia Saldaña.


