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AsTRACT—Colorado Division of Wildlife currently considers the Texas horned lizard a species of
special concern. From May 1995 to October 1997, Texas horned lizards were captured or collected
during the active season from 6 counties in Colorado to document abundance and distribution of
the species. We captured or collected 290 Texas horned lizards (170 alive and 120 dead on road).
In Colorado, average snout-vent length (SVL) for adult males was not significantly different from
females; the largest male and female lizards measured 84.9 mm SVL and 90.4 mm SVL, respectively.
The sex ratio of adult males to adult females is 1M:1.4F. Results of distribution and habitat analysis
indicated that the Texas horned lizard in Colorado is locally common in arid shortgrass and sand-
sage prairie lacking ground litter. Activity of the Texas horned lizard in Colorado is diurnal in spring
and fall and bimodal (almost crepuscular) in the summer. Texas horned lizards in Colorado appar-
ently breed in May and June, and hatchlings emerge in late August to mid-September. Mortality due
to vehicle traffic seems high, but because the Texas horned lizard occurs in remote areas, the
Colorado population in general seems to be relatively stable.

ResuUMEN—La division de vida silvestre del estado de Colorado denomina el lagarto Phrynosoma
cornutum como una de las especies en riesgo en el estado. De mayo de 1995 a octubre de 1997,
se documentaron capturas y colectas del lagarto P. cornutum durante la época de actividad para
determinar su abundancia y distribucion en seis condados del estado de Colorado. Capturamos o
colectamos 290 lagartos (170 vivos y 120 muertos en la carretera). En Colorado, el promedio
longitudinal hocico-cloaca (LHC) para adultos macho no fue significativamente diferente que el
de las hembras; el macho y la hembra mas largos midieron 84.9 mm LHC y 90.4 mm LHC,
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respectivamente. La proporcion de machos y hembras adultos fue de 1M:1.4H. Los resultados de
la distribucion y el analisis de habitat indican que el lagarto P cornutum en Colorado habita
praderas aridas de grama corta y de mata Artemisia que carecen de hojarasca. En Colorado, la
actividad del lagarto P. cornutum es diurna durante la primavera y el otono y bimodal (casi cre-
puscular) durante el verano. El lagarto aparentemente se aparea en mayo y en junio y sus crias
emergen desde fines de agosto hasta mediados de septiembre. La mortandad debido al trafico
vehicular parece alta, pero dada la abundancia del lagarto en areas remotas, la poblaciéon de
lagartos P. cornutum en Colorado parece ser relativamente estable.

The Texas horned lizard (Phrynosoma cornu-
tum) is listed as a species of special concern by
the Colorado Division of Wildlife. This desig-
nation means the status of the Texas horned
lizard is unknown, but populations might be
declining due to habitat modification and de-
struction. Previous studies of the Texas horned
lizard have focused on morphology (Reeve,
1952; Montanucci, 1987, 1996), distribution
(Reeve, 1952; Munger, 19844; Whiting et al.,
1993), status in Texas (Donaldson et al., 1994),
ecology (Milne and Milne, 1950; Pianka and
Parker, 1975), foraging behavior (Munger,
1984b; Schmidt and Schmidt, 1989), move-
ment and home range (Munger, 1984a; Fair
and Henke, 1999), reproduction (Howard,
1974), and predation and escape behavior
(Munger, 1986; Sherbrooke, 1990). However,
none of these studies included horned lizards
from the northwestern limit of their range,
which occurs in southeastern Colorado. Infor-
mation about the natural history and ecology
of the Texas horned lizard in Colorado can
provide a habitat quality indicator and will aid
in future management of the species.

The range of the Texas horned lizard in-
cludes Arkansas west through Kansas,
Oklahoma, and Texas, into southeastern Col-
orado, eastern and southern New Mexico and
southeastern Arizona, south into Mexico
(Sherbrooke, 1981; Price, 1990). The historic
range of the Texas horned lizard in Colorado
includes Prowers and Baca Counties west
through Bent County and Otero County and
east-central Las Animas County (Hammerson,
1986). The objective of this research was to ex-
amine the natural history of the Texas horned
lizard in southeastern Colorado, focusing on
body size parameters, distribution, habitat
preference, activity patterns, reproduction,
and predation.

A 6-county area of southeastern Colorado,
roughly consisting of the area south of the Ar-
kansas River and east of Interstate Highway 25

(Baca, Bent, Las Animas, Otero, Prowers, and
Pueblo counties), was surveyed for the Texas
horned lizard. The region contains large ex-
panses of private agricultural and ranching
lands as well as military reservations, state wild-
life areas, and the Comanche National Grass-
land. Survey efforts were concentrated within
and immediately outside the known Colorado
distribution of the Texas horned lizard (Ham-
merson, 1986). All P. cornutum captured or col-
lected during this study were classified as re-
cent localities, and previously published local-
ities (Hammerson, 1986) are referred to as his-
toric localities (Fig. 1). The recent localities
were reported in Hammerson (1999), so they
are not discussed here. All maps used during
this analysis were adapted from Hammerson
(1986) or United States Department of Agri-
culture (1965).

Specimens were located from vehicles while
traveling about 24 to 40 kph and by visual
searching of suitable habitat on foot. Surveys
were conducted during the active season from
10 May 1995 to 15 October 1997. Road surveys
comprised an estimated total of 200,000 km
traveled in Baca (ca. 30%), Bent (ca. 10%), Las
Animas (ca. 10%), Otero (ca. 25%), Prowers
(ca. 20%), and Pueblo (ca. 5%) counties. Rel-
ative survey effort was randomly divided by
county throughout the active season. Data col-
lected for all live individuals included location,
habitat type (including a survey of flora), time,
air temperature (30 cm above ground), sex,
snout-vent length (SVL), tail length (TL),
morphological characters (as discussed below),
age, and any behavior observed (e.g., feeding,
copulation). Length measurements were made
using a metric ruler and vernier calipers to the
nearest millimeter. Adult males were identified
by the presence of hemipenal bulges and en-
larged femoral pores, and juvenile males were
identified by manually everting the hemipenes;
some dead specimens were dissected to deter-
mine sex. Snout-vent length was measured
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Fic. 1—Current distribution of Phrynosoma cornutum in Colorado. Squares represent historic localities,
circles represent recent localities. County names are indicated.

from the tip of the snout to the posterior edge
of the cloacal scale. Tail length was measured
from the posterior edge of the cloacal scale to
the tip of the tail. Specimens that were severely
damaged were not used in the morphological
analysis. Age class was recorded as hatchling
when SVL was less than 35 mm (encountered
in late August, September, and October). Age
class was recorded as juvenile when SVL was
between 35 mm and 60 mm. Based on our ob-
servations, neonates hatch in the fall at ap-
proximately 25 to 35 mm; juveniles reach 35
to 60 mm by the end of their second year but
are not reproductive until their third year (sec-
ond spring). Therefore, SVL greater than 60
mm is a good indicator that the animal is at
least in its third year and sexually mature. Data
collected for specimens found dead on the
road (DOR) included location, habitat (in-
cluding a survey of flora), sex (M = male, F =
female), SVL, TL, and age class. All road-killed
lizards were entered into the UNC-MNH Her-
petology Collection. Location of individuals
was recorded during the 1995 and 1996 field
seasons using vehicle odometer distance (to
one-tenth mile) from the nearest fixed land-
mark (e.g., junction of 2 roads, highway mile
marker). A Trimble GeoExplorer II or Garmin
451 GPS unit (£100-m error) was used to de-
termine latitude and longitude coordinates in
1997.

After measurements were taken, live speci-
mens were PI'T-tagged (passive integrated tran-
sponder; BioSonics, Inc., Seattle, Washington,
and AVID, Inc., Norco, California) by injecting
the small (11 mm X 2.1 mm) polymer-encased

microchip subcutaneously in the left ventral re-
gion of the horned lizard (Camper and Dixon,
1986). The small wound was sealed with cya-
noacrylate glue, and lizards were released at
the site of capture.

Floral composition was determined using a
variation of the line-intercept method (Cox,
1996). We used 30-meter transects, with data
taken every 0.30 m at representative locations
where lizards had been previously found. Veg-
etation at each point was classified as forb,
grass, shrub, or cactus. If no vegetation was
present, the point was classified as bare ground
or litter. Frequency of vegetation type and per-
cent aerial cover were determined for each
transect. If the capture site was on a road, sam-
pling was started just inside the fence (approx-
imately 3 m from the edge of the road). We
conducted 31 vegetation surveys for all locali-
ties in July and August 1997. Although the veg-
etation survey was conducted in 1997, there
was no reason to suspect that 1997 was not a
typical year based on climatological data (Na-
tional Oceanic and Atmospheric Administra-
tion, 1995, 1996, 1997). Therefore, the floral
survey conducted in 1997 was assumed to be
representative of the vegetation present in the
habitats surveyed for the entire study. Plant
names used throughout this study are from
Weber (1976).

We captured or collected 290 Texas horned
lizards from 1995 through 1997, and of these,
170 were alive and 120 were dead. There was
no significant difference between the number
of individuals of each sex in each age class sex
of live and dead lizards (#test, P = 0.197) so
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data for live and dead lizards were combined
for all analyses. The largest female lizard was
90.4 mm SVL, and the largest male was 84.9
mm SVL. The smaller maximum size of indi-
viduals in our study area compared to lizards
in southern portions of the range was an ad-
ditional reason for assuming SVL of 60 mm at
sexual maturity for both males and females in
this study. The average SVL for adult males
(67.9 = 0.6 mm) was significantly smaller than
the SVL of females (73.9 * 0.8 mm) (#test, P
< 0.001). In addition, analysis of covariance on
the regression of LogTL on LogSVL showed
significant sexual dimorphism in the relation-
ship of TL to SVL between males and females
(P < 0.001), with males having a greater tail
length at a given body size. The average SVL
of hatchlings was 30.3 mm (26.0 to 32.5 mm).
We captured or collected 198 adult lizards
(77M:106F:15U), 74 juvenile (39M:35F), and
17 hatchling (6M:11F) lizards during this
study. The sex ratio of adult males to adult fe-
males was 1M:1.4F. For juveniles the sex ratio
was 1M:1F, and for hatchlings the sex ratio was
1M:1.8F. Caution should be taken when inter-
preting data for juveniles and hatchlings due
to the low sample size and possible collecting
bias of this study. In addition, because all but
4 lizards were collected on the road, sex ratios
might be skewed due to differential activity of
males and females (Sherbrooke, 2002).

Of 290 lizards captured or collected, most
were found in Otero County (104), followed
by Baca (89), Prowers (63), Bent (21), Las An-
imas (11), and Pueblo (1) counties (Fig. 1).
The areas of greatest abundance of lizards
were public lands with native habitats and lim-
ited grazing by cattle, including the 2 sections
of Comanche National Grassland (central and
southern Otero County and southeastern Baca
County) and Two Buttes State Wildlife Area
(on the Baca County/Prowers County line).
We captured or collected 85 lizards within an
area of approximately 5.2 km? in Two Buttes
State Wildlife Area. Results of 15 floral tran-
sects within Two Buttes State Wildlife Area in-
dicated that grasses were the dominant floral
type (60%). Bare ground (31%), litter (6%),
forbs (2%), and shrubs (1%) comprised the
remainder of the transected cover types. Ten
lizards were found in the southern unit of the
Comanche National Grassland (southeastern
Baca County), which is an area of publicly
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owned, grazed shortgrass and sandsage prairie
contiguous with privately owned shortgrass
prairie. This area is primarily dominated by
blue grama (Bouteloua gracilis), buffalo grass
(Buchloe dactyloides), and sandsage (Artemesia fi-
lifolia). Three floral transects in this area indi-
cated that bare ground was the dominant cov-
er type (48%). Forbs (including sandsage) con-
stituted 27% of the cover, with grass (14%) and
litter (11%) comprising the remainder of the
transected cover types. We captured or collect-
ed 47 P. cornutum in the northern portion of
the Comanche National Grassland, located in
Otero County. The area was primarily short-
grass prairie interspersed with canyon areas
dominated by pinon (Pinus) and juniper (Ju-
niperus). Lizards did not occur within the pi-
non-juniper, but were found at the boundary
between the shortgrass prairie and pinon-ju-
niper. Four floral transects in the central por-
tion of this area indicated that bare ground
(63%) was the dominant cover type; grasses
(25%), litter (7%), forbs (3%), and shrubs
(2%) comprised the remaining cover types.
The northern portion of this area, where 9 flo-
ral transects were sampled, was comprised pri-
marily of bare ground (54%) and grasses
(44%) , with litter, forbs, and shrubs making up
less than 2% of the habitat cover type. The
most common grasses in these 2 areas were
blue grama and buffalo grass.

Overall, we sampled 31 transects at 4 areas
of known lizard occurrence during July and
August 1997. The dominant cover types were
grasses and bare ground. Grasses constituted a
total of 46.3% (SD = 0.13) of the cover (range
30.5 to 63.0%), followed by bare ground
(43.1%, SD = 0.20 ; range 14.0 to 54.0%). Lit-
ter and forbs constituted 5.1% (SD = 0.04;
range 0.7 to 11.0%) and 4.5% (SD 0.12;
range 1.1 to 3.0%) of the cover, respectively,
with shrubs accounting for approximately 1%
(SD = 0.01; range 0.6 to 2.0%) of the cover.
Buffalo grass and blue grama were the domi-
nant grasses at every site; sandsage, yucca (Yuc-
ca), and cactus (Opuntia) were the dominant
shrubs.

The Texas horned lizard seemed to be active
in Colorado from mid April to late September.
We found 6 lizards (3 alive and 3 DOR) in Ote-
ro County on 19 April 1997, which was the
starting day for the 1997 study period, indicat-
ing that emergence occurred prior to that
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Lizard Abundance

July
Month

FiG. 2—Frequency of captures of Phrynosoma cornutum during daily time intervals per month for entire
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H6:00-8:00
@ 8:00-10:00
E10:00-12:00
12:00-14:00
14:00-16:00
16:00-18:00
18:00-20:00
B20:00-24:00

study. Lizards most frequently encountered in June and July, when activity was primarily crepuscular.

date. The last lizard of the year found during
the study period was a juvenile located on 30
September 1997 in the northern portion of
Comanche National Grassland. Based on 140
lizards for which temperature data were col-
lected, lizards were active at air temperatures
of 21 to 42°C, with the greatest number of liz-
ards (41 of 140) captured between 29 and
31°C. The average air temperature for active
lizards was 30.5 * 3.7°C. The daily activity pat-
terns of lizards changed throughout the sea-
son. During the cooler months of April, May,
and September, when the average monthly
temperatures are 11.1, 15.9, and 18.8°C, re-
spectively, lizards were active throughout the
day (Fig. 2). In the warmer months of June
and July, when average 24-hour temperatures
are 21.4 and 24.2°C, respectively, apparent dai-
ly activity became bimodal, with greater activity
during the morning and evening hours
(Fig. 2).

Two associating pairs (1M:1F) of small adult
lizards were found on 21 June 1996. Neither
pair of lizards was observed copulating, but no
other pairs of lizards were found in such prox-
imity during the study. A DOR adult female
lizard found on 23 May 1997 contained 6
shelled eggs. A live female adult lizard cap-
tured on 24 May 1997 apparently was recently
post-parturient. Hatchlings were found from
13 August to 17 September, with the majority
of hatchlings (12 of 17) appearing around 30
August. The range of hatching dates suggests
that eggs hatch at various times over the course
of at least 35 days.

All 120 dead lizards except 1 were found on
a road, killed by vehicular traffic. The other
dead lizard was found hung on a barbed-wire

fence, apparently killed by a shrike (Lanius). A
Swainson’s hawk (Buteo swainsoni) was seen car-
rying a P. cornutum in its talons, but this lizard
was not recovered, so it was not included as a
capture. An adult male lizard had a scarred,
clubbed hind foot and broken occipital horn,
possibly the result of a predatory attack. Also,
a few lizards were found that were missing part
or all of the tail. Live specimens lifted their
bodies off of the substrate, ran to the side of
the road and stopped as they were ap-
proached. These lizards were encountered on
hard-packed dirt or paved roads and could not
burrow under the surface. When pursued liz-
ards ran a few meters and stopped; only 2 ju-
venile lizards did not run when approached.
Captured lizards often used their occipital
horns to jab and gaped to bite. Only 1 lizard
out of 170 live captures used blood-squirting as
a means of defense (Middendorf and Sher-
brooke, 1992; Sherbrooke and Middendorf,
2001).

Of 156 PIT-tagged lizards, only 3 were recap-
tured (1.9%), therefore no representative
movement or growth data were collected for
Colorado lizards. Low recapture rates for P. cor-
nutum (6.2%) have been reported previously
(Henke and Montemayor, 1998).

The significant difference in the relation-
ship of TL to SVL between males and females,
with females having shorter TL relative to SVL,
has been shown previously in P cornutum
(Sherbrooke, 1981). The adult sex ratio of 1M:
1.4F shown in the Colorado population of Tex-
as horned lizards agrees with Whiting et al.
(1993), who reported a male-biased sex ratio
of 1.5M:1F, which was not significantly differ-
ent from 1:1 due to small sample size (n = 35),
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in a 160,000-m? area in Concho County, Texas.
The juvenile and hatchling sex ratios are prob-
ably an artifact of small sample size in these
age classes.

Currently the distribution of the Texas
horned lizard in southeastern Colorado is lim-
ited to an area south of the Arkansas River and
roughly east of an imaginary line between La
Junta and Trinidad. Within this area, the dis-
tribution can be characterized as scattered,
with several areas of local abundance. South-
western Las Animas County and eastern Pro-
wers County represent the western and eastern
limits of the Texas horned lizard in Colorado.

The Texas horned lizard is a species of the
semi-arid grassland in southeastern Colorado,
as in the rest of its range (Sherbrooke, 1981;
Munger, 1984q; Whiting et al., 1993). The
abundance of shortgrass prairie with large
patches of bare ground at each capture site ex-
amined suggested that the presence of P. cor-
nulum was dependent upon the presence of
bare ground. Considering the broad body
form and sit-and-wait predatory strategy of this
lizard, it is logical that this lizard would prefer
open ground; dense vegetation and litter
would not allow the lizard to move efficiently.
Our data agree with those of Whiting et al.
(1993), who also showed that Texas horned liz-
ards select open areas that are partially vege-
tated for foraging, basking, and movement.
Pianka (1966) stated that Phrynosoma prefer
foraging in open areas between plants, and
Fair and Henke (1997) showed that P. cornutum
preferred burned areas, which have little
ground cover, to areas where ground cover is
high. However, they also showed that P. cornu-
tum did not select for or against grazed land,
which had lower amounts of ground litter. In
our study, Texas horned lizards were found on
roads between pasture and agricultural fields,
but no lizards were found in agricultural fields
or on roads between adjacent agricultural
fields. The lack of horned lizards in these areas
suggests that agriculture has a negative effect
on Texas horned lizard distribution. The plow-
ing of fields can directly kill hibernating lizards
or destroy egg clutches (Donaldson et al.,
1994; Fair and Henke, 1997), which will quick-
ly extirpate the lizard from an agricultural
area. However, Fair and Henke (1997) indicat-
ed that horned lizards do not select for or
against plowed agricultural fields. Timing and
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duration of plowing in their study might have
allowed P. cornutum to utilize the fields, and it
is probably not a long-term representative re-
sult of the effects of agriculture.

The Texas horned lizard was observed to be
active primarily between mid April and late
September, and earlier activity occurred when
local climate conditions were suitable. This is
consistent with Hammerson (1986), who re-
ported activity beginning prior to May and
ending in September. Most P. cornutum in Col-
orado were active at air temperatures between
29 and 31°C, although the range of activity was
between 21 and 42°C. Our results differ from
those of Prieto and Whitford (1971), who re-
ported that Texas horned lizards prefer 38.5°C.
The temperature range of activity of the Texas
horned lizard in Colorado also influenced the
daily activity of this lizard. When average daily
temperatures were relatively low during April,
May, and September, lizards were diurnal. As
average daily temperatures increased in June
and July, lizards became crepuscular. During
August, lizards were active during the morning
and afternoon hours, with reduced activity
during the evening. Bimodal activity allows
these lizards to be active at times when air tem-
perature approximates the preferred air tem-
perature of activity. A similar pattern of bimod-
al activity might be expected during August
(when the average 24-hour temperature was
22.3°C); however, this expectation was not sup-
ported by the data. This change in activity pat-
tern might be due to activity of neonates,
which have just hatched, as well as juveniles
and adults that need to forage heavily to gain
the necessary fat stores to overwinter. However,
because of small sample size of neonates and
hatchings, this question was unresolved. Henke
and Montemayor (1998) showed a similar pat-
tern of activity in southern Texas; however, the
peak months of activity were shifted later in
the year by 1 month in our study, probably due
to temperature differences associated with lat-
itude. Bimodal daily activity during warmer
months was also reported in P platyrhinos
(Pianka and Parker, 1975).

Predation on P cornutum by a hawk and a
shrike was observed. Other reported predators
of horned lizards were observed in the area,
including several species of hawks (Buteo),
greater roadrunners (Geococcyx), grasshopper
mice (Onychomys), canids, and several species
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of snakes (Munger, 1986; Sherbrooke, 1990).
Vehicle traffic resulted in high mortality of
Texas horned lizards in southeastern Colora-
do, and this was further exacerbated by their
habit of using roadsides for basking. In this
study, auto traffic was the greatest source of
observed mortality, but this might be mislead-
ing because most non-anthropogenic sources
of mortality go unnoticed and most sampling
was conducted on roads. The low frequency of
blood-squirting (<1%) by P. cornutum is consis-
tent with previous reports of the frequency of
blood-squirting at humans by Texas horned liz-
ards (Lambert and Ferguson, 1985; Midden-
dorf and Sherbrooke, 1992; Sherbrooke and
Middendorf, 2001). The escape behaviors ex-
hibited by P. cornutum in southeastern Colora-
do also have been reported previously in
Phrynosoma (Lambert and Ferguson, 1985;
Wone and Beauchamp, 1995; Henke and Mon-
temayor, 1998).

Texas horned lizard populations in Colora-
do seem to be stable in areas that are not
plowed, though no historical population data
exist. The high density of lizards in state wild-
life areas and the national grassland suggests
that large sections of native grassland habitat
are necessary for the continued success of this
lizard, and because of the limited use of these
areas, some protection is provided. However,
in most other parts of its range, the Texas
horned lizard is being extirpated, primarily by
a variety of anthropogenic causes (Donaldson
et al.,, 1994), and the population in Colorado,
therefore, might provide valuable data for the
conservation of the species and be important
for the overall survival of the species.
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