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T IME AND A CONTINENT

Through their genetic heritage, horned lizards, like humans,
are linked to the first Paleozoic land vertebrates and their evo-
lutionary advances. Much more recently, the evolution of
their closest reptilian predecessors, and of horned lizards
themselves, has been molded by Cenozoic geologic and cli-
matic events throughout North America. Today, 13 currently
recognized species of horned lizards live within, and are
adapted to, the contemporary diversity of ecological settings
on this continent. The lives of these lizards, like ours, are edges
of the living past cutting into the ever-arriving future.

Origins
Five hundred million years ago, all the backboned ancestors
of horned lizards lived in the sea.About 350 million years ago,
more recent ancestors evolved the ability to climb from the
water’s edge onto land. Soon their descendants, primitive
swamp-living amphibians, were supporting themselves on



four legs. These limbs, having five terminal digits, were held
rigid by the same bones that we find in the limbs and digits of
horned lizards and ourselves today.

Those early, air-breathing amphibians had only begun the
developments that vertebrates would continue to refine as
they became increasingly adapted to life on land. Along with
other advances, early reptiles—or their now-extinct amphib-
ian predecessors—solved two major problems limiting am-
phibian life on land. They evolved skin that reduces the loss of
water to the air; and they evolved a new kind of water-
containing shelled egg that protects the growing embryo and
allows it to develop in a terrestrial environment.

With these advances, reptiles became the dominant verte-
brates on land, at sea, and in the air during the age of di-
nosaurs, the Mesozoic, roughly 250 to 65 million years ago.
Some of those giants carried horns and spines, like horned
lizards today. An example is Triceratops, a formerly abundant,
three-horned dinosaur, which was 20 feet long and twice as
heavy as a rhinoceros. But the time of the dinosaurs has
passed, and change has brought the evolution of birds and
mammals. Nevertheless, even today, in the age of mammals,
there are nearly 7,000 living species of successful modern rep-
tiles, of which 3,800 are lizards.

Horned lizards are members of the Iguanidae, one of the
largest of the 17 families of living lizards. The types of
iguanids are varied and include over 50 genera with more
than 500 species, almost all living in North and South Amer-
ica. Some herpetologists divide the iguanid family into eight
different families (making 24 families of lizards), with horned
lizards in the Phrynosomatidae, where they are grouped with
sand lizards, tree lizards, fence lizards, zebra tails, and others.

Places
Geologists have determined that about 200 million years ago,
the earth’s continents were united as one land mass, Pangea,
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which later broke apart into northern and southern land
masses, Laurasia and Gondwana, respectively, each of which
later split and slowly moved over the earth’s surface, forming
the continents as we know them today. These continents are
still moving, riding on geologic plates. When these geologic
plates crash into each other, they push up mountains onto the
seafloor and into the air. These mountains change the flow of
ocean currents and wind patterns, thus altering climatic pat-
terns and the nature of life on land. In western North Amer-
ica, this process is relatively recent and ongoing, and the signs
of geologic instability are obvious—earthquakes, rugged and
unweathered mountain ranges, recent lava beds, and active
volcanoes. In the western United States and throughout
northern, central, and southwestern Mexico, many regions
are characterized by aridity. Within these dry plains, basins,
plateaus, deserts, mountains, and seasonally dry forests that
stretch southward between about 50 and 15 degrees north lat-
itude, across the Tropic of Cancer, horned lizards have found
diverse ecological homes.

Exactly when higher temperatures and reduced precipita-
tion formed the most recent dry climates in North America is
uncertain, but undoubtedly, the change did not happen all at
once. Apparently, it has been going on for nearly 20 million
years—more or less the time, gauged by fossils, that horned
lizards are thought to have existed as distinct animals.

Today, the part of North America inhabited by horned
lizards lies within the more northerly of two broad belts of
subtropical deserts found around the northern and southern
hemispheres in the vicinity of the Tropics. Within these belts,
cold, dry air from high altitudes tends to descend toward the
earth’s surface and increases in temperature as a result of
compressional heating. On arrival at the surface, the warmed
air contains little water vapor. Solar radiation easily pene-
trates this clear air and heats the terrain below to high tem-
peratures. As the earth changes its tilt toward the sun during
its annual orbit of our star, climatic patterns rhymically shift
back and forth, north and south, creating seasons.
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Along most of the western coast of North America, west-
erly trade winds from the Pacific Ocean are forced up and
over the Cascade Range, Coast Ranges, Sierra Nevada, and
Sierra Madre Occidental. As the air rises, it cools, and precipi-
tation occurs in the mountains. After losing its moisture, the
air descends to the east, where its dryness leaves dry and arid
conditions, called “rain shadows.” The seasonal timing of
scant precipitation in arid areas is important to horned
lizards because it can determine the seasonal abundance and
relative availability of food and the suitability of nest sites.
These rainfall patterns vary regionally.

Equally variable are temperature conditions, which are im-
portant to reptiles such as horned lizards. Some regions are
colder because they are farther north, at higher elevations, or
isolated from the influence of warm oceanic waters near the
coast. Dramatic temperature changes are associated with
mountainous elevational changes. At higher elevations, tem-
peratures are lower and precipitation is greater. These envi-
ronmental differences limit the distributions of species of
horned lizards and other organisms. Throughout North
America, plant species are so consistently limited by climate
that ecologists regularly use past and present plant commu-
nities as indicators of regional climate.

During the last 1.5 million years, northern North America
has experienced four episodes of extensive glaciation known
as “ice ages.” Because of climatic cooling, massive sheets of ice
extended southward from the pole and briefly covered por-
tions of Canada and northern regions of the United States,
and ice formed at high elevations in Mexico. Between each
glaciation, the climate warmed and the ice receded. Fossils of
horned lizards that appear to be direct ancestors of living
species of horned lizards have been found in materials surviv-
ing from those climatically unstable times. Other horned
lizard species in the fossil record have no modern counter-
parts.

During periods of climatic change, the elevational limits
on plants and animals are altered.A species might become ex-
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tinct in areas where it formerly thrived, or it might spread to
places where it could not have survived before. For example,
the present elevational distribution of plant species and com-
munities on mountainsides in the southwestern United States
is probably 8,000 to 11,000 years old. Before then, and
throughout the ice ages, major changes in climate caused
communities of plants and animals to shift up and down
mountain slopes, as well as northward and southward. The
ancestors of today’s horned lizards were subjected to the same
climatic changes, shifting each species’distribution north and
south or up and down mountains. Some populations of a
species of horned lizard became isolated from one another by
mountain ranges, unsuitable habitats, or simply distance.

As horned lizard populations adapted to local conditions
of climate, food, and predators, they became distinct from
one another. If genetic differences became significant, they
evolved into related populations, subspecies, or even separate
species. In contrast, less adaptable species could not make the
adjustments demanded by the changing times and became
extinct. As a result of these evolutionary forces, the species of
horned lizards living today are well adapted to the diverse cli-
matic and ecological conditions found throughout the west-
ern United States and much of Mexico. In the north, horned
lizards may experience harsh, freezing winters; further south,
they may live on blisteringly hot sand dunes, in seasonally dry
tropical forests, or within view of active volcanic peaks. Each
species is unique, yet all are clearly recognizable as that dis-
tinct animal many call the horny toad or horned lizard—or
in Mexico, camaleón.
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DIVERSITY OF A FORM

All horned lizard species are immediately distinguishable
from other North American lizards by their horns and flat-
tened bodies. Their ancestors evolved this body form and ap-
propriate behaviors, a mode of life distinct among lizards.
Horned lizards have diversified into a number of closely re-
lated species of similar form, an evolutionary process known
as adaptive radiation. The distinctive life and unique design
of horned lizards have been a successful evolutionary devel-
opment that gives us a window into understanding the
processes of life on earth, of which we are a part.

Form
The unusual appearance of all horned lizards is due to their
unique and integrated set of adaptations. Their camouflaging
colors, flat body form, and sedentary nature make them
difficult to see. Their horns and spiny scales make them
difficult to swallow. Their pancake shape (pl. 1) provides
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them with a large, flat surface that is useful for rapid solar
heating, capturing raindrops, or warding off predators. Their
capacious body provides room for development of numerous
eggs or young, depending on the species, and for a large stom-
ach. At the same time, their awkward shape limits their speed,
which affects their ability to hunt prey and escape predators.
Their shape also makes walking through dense stands of
ground-level herbs and grasses difficult. These lizards look
strange because some of their methods for survival are con-
trary to those that we typically associate with lizards. But for
horned lizards, these unorthodox strategies for survival have
worked, with the benefits outweighing the costs. They con-
tinue to survive and reproduce successfully.

Diversity
Adaptive radiation, or the differentiation of a basic body plan
and survival strategy, has led to the evolution of 13 currently
recognized living species of horned lizards. They inhabit areas
as far south as the Mexican-Guatemalan border and as far
north as southwestern Canada (two species).All but one of the
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Plate 1. Alizarin red staining of skeletal calcium in the Regal Horned
Lizard (Phyrnosoma solare).



species occur in Mexico, and eight species occur in the United
States. Over the years, scientists have reconsidered the num-
ber of existing species and have designated some types of
horned lizards as formal subspecies, or geographic races.
These subspecies are indicators of evolutionary divergence.
The subspecies of any one species are still loosely related so
that individuals from different subspecies are thought to be
able to mate and produce fertile young, as do the various races
of humans. But subspecies have differentiated from one an-
other morphologically by adapting to regional ecological
conditions. Given time and the proper evolutionary forces,
subspecies may evolve into distinct species no longer capable
of interbreeding. From that point in time forward, the evolu-
tionary lines of the species are separate from one another. Re-
cent studies utilizing mitochondrial DNA suggest that the ge-
netic differentiation among populations over time may not
always correspond to the manifest physical features among
formally recognized subspecies of horned lizards. Thus, the
significance of differences among populations in some species
and their designation as species or subspecies remain in ques-
tion and are topics for future study.

One interpretation of the evolutionary history of the genus
of horned lizards is that the ancestral group separated into
what later became a more or less southern group of species,
or a southern radiation, and a more northern-distributed
group of species, or a northern radiation. The progenitors of
these two groups may have been similar to some of the de-
scendant species alive today: the southern Giant Horned
Lizard (Phrynosoma asio), the Mexican-plateau Horned
Lizard (P. orbiculare), and the northern Coast Horned Lizard
(P. coronatum). We can trace these branching radiations by
employing a taxonomic tool called a cladogram (see the dia-
gram of hypothesized relationships), which arranges pairs or
groups of species who share common ancestors in a branch-
ing phylogenetic (family) tree, with time moving from left to
right.
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Thus, in the northern radiation (all egg-laying species),
five xeric-adapted, or desert-adapted, species evolved from an
ancestor of the Coast Horned Lizard, which itself may have
derived from a species similar and ancestral to the Mexican-
plateau Horned Lizard. First, an isolated eastern population
split off, perhaps because of the continental uplifting of the
Sierra Madre and the Rocky Mountains, and became today’s
Texas Horned Lizard (P. cornutum). Then the ancestral popu-
lation gave rise to the Regal Horned Lizard (P. solare) (in por-
tions of the developing Sonoran Desert), the Flat-tail Horned
Lizard (P. mcallii) (in the region of the Colorado River delta),
and the Desert Horned Lizard (P. platyrhinos) (which spread
northward into the Great Basin Desert). The population an-
cestral to the Desert Horned Lizard may also have spread east-
ward to become the Roundtail Horned Lizard (P. modestum)
of the Chihuahuan Desert.

The southern radiation (having all but one live-bearing
species), perhaps with its origin in ancestors of the Giant
Horned Lizard, the Mexican-plateau Horned Lizard, or both,
consists of two species with distributions limited to southern
Mexico (Bull and Short-tail Horned Lizards [P. taurus and P.
braconnieri, respectively]) and three species with short horns
(Rock, Short-horned, and Pygmy Horned Lizards [P. ditmarsi,
P. hernandesi, and P. douglasii, respectively]) that are found in
northern Mexico or northward, often at higher elevations.

Our understanding of the relationships among living
species is still being debated and therefore is speculative. Cer-
tainly there were other species of which we have no record.
And the data we have from living species, even with mito-
chondrial DNA studies, do not yield one clear interpretation
of past evolutionary events. Horned lizard fossils are few and
not particularly helpful in resolving relationships among liv-
ing species. So, our present-day hypothesis of past evolution-
ary events may well be modified with future studies; the
branching pattern of the cladogram may change, or species
may be added to it.
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Identity
Geography is a very useful tool when you are trying to identify
a species of horned lizard (see the map of distribution). Any
location has a limited number of species; no region has more
than four. Within these geographical limits, habitat prefer-
ences of species can be helpful in locating and identifying in-
dividuals. No species occurs in all habitats within its range.
Range maps show the historical distribution of a species, in-
cluding some areas from which it may have been extirpated as
the natural world has succumbed to human activities in re-
cent times.

Although all horned lizards resemble one another, a few
specific external characteristics enable us to distinguish
among species (see the flow diagram for identification). Other
features may look different at first examination, but because
of variation among individuals within a species, they may not
be as useful in distinguishing species from one another. De-
veloping familiarity with some species, by observing them in
the field or viewing photographs, will aid in forming a visual
mental impression of the species to which details can be added
for positive identification.

Particularly useful for recognizing the specific species of
horned lizard are differences in the number, length, arrange-
ment, and shape of the horns along the back of the head. Horns
near the centerline are referred to as occipital horns, and those
to the sides of the head are termed temporal horns.A silhouette
of the head and horns typical of each species is used through-
out this book (see flow diagram for identification and individ-
ual head silhouettes in the species accounts). Each silhouette is
a two-dimensional simplification of three dimensions. It is rep-
resentational for each species, so individuals can be expected to
vary from the species silhouette. Other head spines, smaller
than horns and not depicted in the silhouettes, sometimes
occur above the eyes and along the lower jaw and also vary
among species. For some species, the silhouettes are very dis-
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tinctive in form, whereas for other species, the silhouettes of
two species closely resemble each other. In these latter cases, as
in all identifications, other identifying characteristics and data
such as locality of origin (see map of distribution and species
accounts) need to be incorporated into the identification
process.

Along the side of the body, most species of horned lizard
have a lateral fringe of enlarged spiny scales. Depending on
the species, this fringe may be arranged in one or two rows, or
it may be absent (see flow diagram for identification). Species
also differ in the abundance and prominence of elongated
spiny scales on the upper surface of the body. Belly, or ventral,
scales are much flatter than those on the back. Each ventral
scale may be smooth or keeled (with a central ridge, like the
keel under a sailboat), depending on the species.

Certain aspects of color pattern offer consistent and there-
fore reliable aids for identification. The presence or absence of
a line down the middle of the back, and its color, is a distin-
guishing characteristic among species. Species also differ in
their pattern: the size, arrangement, shape, and color of spots
or wavy bands on the back. Belly coloration may also be dis-
tinct and useful. But certain cryptic colors, particularly
blacks, tans, reds, and yellows, can vary strikingly among pop-
ulations of one species, making them look different. These
colors help the lizards blend with the soils or rocks of their
particular location.

In four species, the presence or absence of black dots along
the front edge, or lip, of the anal (cloacal) opening, or vent, is
species specific and an aid to identification (pls. 2, 3). The
vent is a transverse slit on the midline under the rear of the
body, just behind the attachment of the hind legs (pls. 2, 3). It
serves for the elimination of digestive tract and kidney wastes
and for copulation and internal fertilization. Because many
species of lizards easily lose a terminal portion of their tail, the
size or body length of a lizard is considered to be a measure-
ment from the tip of the snout to the vent. Horned lizards,
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