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ABSTRACT 

 

MEASURING TEXAS HORNED LIZARD POPULATION 

BY CAPTURE-MARK-RECAPTURE 

 IN ROBY, TEXAS 

 

Erin Schillings, B.S. Biology 

 

The University of Texas at Arlington, 2022 

 

Faculty Mentor:  Corey Roelke 

The Texas horned lizard, Phrynosoma cornutum, is classified as a threatened 

species. They are known by the horns on their head and as the state reptile of Texas. This 

flat-bodied and fierce-looking lizard is important to our ecosystem by limiting the ant 

population, but is falling prey to larger predators, such as coyotes and rattlesnakes. To 

further conserve the species and study the population size, a team of researchers went to 

west Texas to capture and mark lizards with electronic Passive Integrated Transponder 

(PIT) tags. They had an encounter number of 164 from 2010-2021. The data consisted of: 

GPS coordinates, sex, gravid, Snout-Vent Length, total length, weight, temperature, and 

route data. The data was run through the MARK program to show the estimated population 

size and promote steps to preserve the diversity of the species. The findings show that the 

species has a healthy population in Roby, Texas due to conservation and rehabilitation  
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efforts. 
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CHAPTER 1 

INTRODUCTION 

1.1 Texas Horned Lizard Description 

The Texas horned lizard (Phrynosoma cornutum) is a one-of-a-kind species that is 

known for being the state reptile of Texas. This lizard belongs to a group of North 

American lizards known as horned lizards. The scientific name for the genus, Phrynosoma, 

means “toad-bodied” and cornutum means “horned”. Because of the several features of the 

horned lizard that resembles toads, these reptiles are often referred to as “horned toads” or 

“horny toads” (Carpenter, 2014). Previous studies over the taxonomic history show that 

despite the common name, “horny toad”, they are in fact lizards and only distantly related 

to toads (Reeve, 1952). This spiny and ant eating lizard consists of unique characteristics 

and features. They have two long central horns separated by a short horn or enlarged scale 

at the back of their head, spiny backs, and a white middorsal stripe (Myers, 2020). The 

“horns” are specialized body scales to help protect the lizards from predators (Pianka, 

2010) (1.1). Their dorsal body color consists of variations of red, brown, or gray. These 

features help them blend into vegetation and leaf litter to escape predators (Pianka, 2010). 

They also have multiple defense mechanisms, the most unique being the ability to shoot a 

stream of blood from their eyelid into the predator’s eyes when threatened (Adkins, 2014) 

(1.2). 
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Figure 1.1:  Texas Horned Lizard (Phrynosoma cornutum) Distinguished Skull  

 

Figure 1.2: A Female Phrynosoma cornutum Showing a Blood Squirting Response 

 

1.2 Conservation Status and Threats to Survival 

Texas horned lizards were once common throughout eastern Texas and central 

Oklahoma, but sightings of the lizards have dramatically declined throughout its range 

since the 1990’s (Busby & Parmalee, 1996). Recipients of a survey from 1994 on the 

abundance of Texas horned lizards in Texas noted a “significant decline” in parts of East, 

Texas (Donaldson, 1994). Results from a survey conducted in 1999, showed that the region 

with the greatest proportion of sites for horned lizards demonstrated a low abundance of 

lizards (Henke, 2003). Both of these surveys show that concern for the disappearance of P. 

cornutum has increased in awareness within the past thirty years (Carpenter, 2014). The 

primary threats to the Texas horned lizard species are habitat destruction, imported fire ants 

(Solenopsis invicta), and the use of pesticides (Adkins, 2014). 
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As cities begin to grow and highways are stretched across Texas, the lizards 

become more isolated and are less likely to thrive due to urbanization development and 

habitat alteration (Potts, 2021). There are various levels of habitat alteration that occur. 

Most urban development leads to planting non-native grasses which prevent the lizards 

from accessing the dirt to lay their eggs or dig burrows (Pianka, 2010). Urban development 

causes paved roads and fast cars to be a potential threat to horned lizards because of their 

defense mechanisms (Pianka, 2010). When horned lizards feel threatened, they tend not to 

move, hoping to blend into their environment or for their predator to eventually walk away 

(Pianka, 2010). This is dangerous for the lizards crossing the road because they will most 

likely stay still when a car comes and risk the possibly of getting run over by the vehicle. 

Habitat alteration in the form of agriculture conversion can also play a role in threatening 

the species (Carpenter, 2014). Studies show a lack of P. cornutum in agricultural fields 

across Texas and suggest a negative effect on horned lizard survival (Burrow, 2002). The 

absence of horned lizards in agricultural fields is due to the plowing of fields (Hellgren, 

2010). These fields often contain hibernating lizards or eggs. Plowing of fields can directly 

kill the lizards that are hibernating or the eggs that are hidden (Hellgren, 2010).  

Invasive fire ants (Solenopsis invicta) have also become a primary threat to the 

horned lizard species (Carpenter, 2014). This species of ants was introduced from South 

America in the 1930s and pose a serious threat to P. cornutum (Pianka, 2010). After the 

increase in the population of fire ants, a survey was conducted for the appearance of Texas 

horned lizards (Donaldson, 1994). About one-third of the respondents reported a decline 

in the number of horned lizards in Texas (Donaldson, 1994). Fire red ants negatively 

impact the lizards indirectly through competition with the lizard’s main food item, 
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harvester ants (Pogonomrymex), and directly by harming the lizards (Allen 1993). The fire 

ants have an underground tunnel system used for traveling food back to the colony. These 

tunnel systems make it more convenient for S. invicta to kill any hibernating lizards or 

incubated eggs (Donaldson, 1994).  

Many of the insecticides that are used to control or eliminate the red imported fire 

ants are toxic to the harvester ant and eliminate the harvester ant more efficiently than they 

eliminate fire ants (Davis, 2021). A survey conducted in 2014 showed that 37% of property 

owners use pesticides specifically to kill harvester ants (Carpenter). The pesticides contain 

the insect growth regulator chemical, Fenoxycarb. This special chemical hinders ant’s 

metamorphosis from larva to adult (Davis, 2021). Because the colony will run out of 

workers, the queen will starve and not be able to reproduce (Davis, 2021). These pesticides 

that are killing Pogonomyrmex are a threat to horned lizards because lizards rely on 

harvester ants as their main source of food (Davis, 2021). 

Horned lizards are unique lizards that have been living in Texas long before humans 

and have evolved through millions of years of environmental changes. Unfortunately, the 

horned lizards are having trouble coping with rapid urbanization (Pianka, 2010). Protecting 

natural areas is essential for the continuance of horned lizards. Without the lizards, there 

would be a decline in a number of creatures including snakes, coyotes, and roadrunners 

(Potts, 2021). A stable number of each species is important to have a healthy and balanced 

ecosystem. The more life that is preserved, the healthier the ecosystem. Every species is a 

key component in the ecosystem, so it is important to ensure all species maintain a stable 

and balanced life for generations to come. 
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1.3 Research Goal 

The goal of this research is to preserve biodiversity by measuring how many Texas 

horned lizards are within certain parameters of Roby, Texas. The research conducted will 

help conservationists and field researchers narrow down how they can further conserve and 

save the species from extinction. This conservation effort is important because without 

monitoring the population of Texas horned lizards, there will be a decline in the population 

of their predators: coyotes, snakes, birds, and rodents (Potts, 2021). This species of lizard 

is also an icon of Texas. Many Texans have fond memories of Texas horned lizards. To 

bring the population back to healthy measures will bring childhood memories back. The 

conservation efforts that are taking place across Texas will allow children to relive the 

same experiences of abundant horned lizards that past generations of Texans that enjoy 

wildlife have had the opportunity to enjoy. 
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CHAPTER 2 

METHODOLOGY 

2.1 Capture-Mark-Recapture Analysis 

In order to get an approximate population size of P. cornutum, the Capture-Mark-

Recapture (CMR, also known as Mark-Recapture) technique was used. This is one of the 

oldest population estimation methods that is performed by capturing a small number of 

horned lizards, marking them with a form of identification, and then releasing them back 

into the population. The marked lizards are allowed to mix with the rest of the population. 

The sites are later resampled, and the number of recaptured lizards is recorded. This process 

was repeated approximately 169 times throughout the period 2010-2020. Population size 

(N) can be inferred from the ratio of captured to recaptured individuals (Sutherland 2012). 

All horned lizards encountered were captured and scanned for an existing passive 

integrated transponder (PIT) tag. The field researchers kept track of the following data 

through an Microsoft Excel sheet for every horned lizard encountered: GPS coordinates, 

PIT Tag number, sex, gravid, snout-to-vent length (SVL), total length (TL), weight, alive 

or dead, date, and whether or not the lizard was recaptured. There are two assumptions 

when conducting a CMR study. First, is that CMR assumes that the population being tested 

is closed with regards to recruitment, emigration, and mortality (Kellner, 2014). Second, 

CMR assumes that all lizards are equally catchable (Fryxell, 2014). The program MARK 

can help detect probability (p) through manipulations.
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Table 2.1: Encounter History #1 

PIT TAG # 900118001065500 900118001065367 900118001065340 

Live Yes Yes Yes 

Recapture No No No 

Sex Male Female Male 

Gravid No Unknown No 

SVL (mm) 77 57 76 

TL (mm) 116 86 16.5 

Weight (gr) 35.0 16.5 34.5 

Date 6/18/10 6/18/10 6/18/10 
 

Figure 2.1: Mark-Recapture Formula 

 

Note. where N represents the estimate population, M represents 
the amount of lizards marked and captured, C represents the total 
amount capture the second time, with or without a mark, R 
represents the lizards that were recaptured with a mark. 

 
 

2.2 Program MARK 

The program MARK was used to estimate the population size of P. cornutum from 

the CMR data. The data was organized into a Microsoft Excel sheet where the CONCAT 

function was used to calculate the capture encounter history. The values were copied and 

formatted into a matrix text file that was run through the program MARK using the POPAN 

(Population Analysis) method. The POPAN system was developed by Schwarz and 

Arnasson (1996) and analyzes the CMR data from open populations using models from 

Jolly-Seber method (Arnason, 2010).  The POPAN model assumes that all lizards have the 

same probability of survival, all marks on the lizards are not lost and can be read correctly, 
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the study area remains constant, and the lizards after being marked are immediately 

released (White, 1997). In the program MARK, four Parameter Index Matrices (PIM) were 

created for each encounter history: phi (apparent survival), p (capture probability), pent 

(probability of entry), and N (population size) (White, 2014). The PIMS helps establish 

how many rows are in the design matrix (White, 2014). 

Figure 2.2: Design Matrix Example 

*Note. The capture histories are 1 or 0 for each occasion, representing (1) or not captured (0).  The design 
matrix used for this study had thousands of rows and columns due to the length of the study  
(ten years) and size of the CMR data set.

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1; 

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1; 

0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1; 

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1; 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1; 
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CHAPTER 3 

RESULTS 

3.1 Gross Population Estimate Results 

The gross population calculated from Program MARK showed positive results for 

Texas horned lizards. One hundred sixty-nine trips were taken to the study area of Roby, 

Texas during the course of the study period (2010-2020). A total of 2,340 lizards were 

captured and marked during the study period. Only 16 lizards were deceased when 

encountering. More than half of the lizards that were marked were classified as female 

(1,422), less than 1,000 (888) were classified as male, and 29 lizards sex remains to be 

unknown. Average weight for the lizards was greater for females than for males. Female 

lizards had a standard deviation weight of 18.39 grams and male lizards with a standard 

deviation of 11.83 grams. The estimated population size (N) for P. cornutum in Roby, 

Texas was estimated at 35,645 lizards. The standard error was zero and both the lower and 

upper limit showed to be 35,645.567. The confidence interval (95%) shows the margin of 

error for uncertainty was low and that the estimate was plausible. 
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CHAPTER 4 

DISCUSSION 

The Texas horned lizard remains a species of conservation concern in Texas due to 

urbanization, pesticides, and imported red fire ants (Solenopsis invicta). In addition, for the 

state of Texas, the Texas horned lizard has been identified as a threatened species since 

1977. Despite the concerns, data collected from this ten-year study showed that the 

population level of Texas horned lizards in Roby, Texas is stable. This is because of the 

ongoing rehabilitation and conservation efforts that several projects are working on to 

restore the population throughout Texas and Oklahoma.  

A local biology professor at Texas Christian University, Dean Williams has been 

conducting studies of horned lizards in small towns in Karnes County, Texas to better 

understand what factors allow or inhibit the ability of the lizards to live in areas modified 

by people (Willams, 2021). Williams has his own research lab in Fort Worth, Texas where 

his team breeds hundreds of horned lizards in captivity and then releases them into areas 

where they will hopefully survive and reproduce (Williams, 2021). The Williams lab also 

has their own Facebook page, TCU Horny Toad Project, where locals can raise awareness 

of the species and post observations of horny toads from surrounding areas.  

The Fort Worth Zoo also shows reintroduction efforts of the Texas horned lizard 

species. Researchers from the Fort Worth Zoo have been studying how to restore the 

population of lizards to formerly occupied habitats. The zoo has been very successful with 

releasing over 1,000 zoo raised hatchlings back into the wild.
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There are some concerns with the results of this study. The standard error shows to 

be zero, but this cannot be possible because this would mean that there are no errors that 

were made within this ten-year study. There are several factors that might indicate why the 

standard error is zero. The possibility of making errors when collecting data from the field 

is high due to the number of encounters throughout the ten-year time span. There could 

also be systemic errors from running the large data set through the Program MARK. The 

potential for error is large, considering the size of the design matrix that was used for the 

POPAN. Another systemic error could be from the parameters that were set within MARK. 

If one of the PIMS was off regarding the value, this could act as a catalyst and offset any 

proceeding values within the program. 

The findings of this study show potential for the horned lizards to grow in 

population size and no longer be classified as an endangered species. The population 

estimation of over 35,000 horned lizards between the specific parameters of Roby, Texas 

predicts that the species of Texas horned lizards will continue to increase over time. We 

can look forward to increasing sights of Texas horned lizards throughout Texas and smiling 

faces when Texans see their state reptile for the first time.
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