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ABSTRACT
Field studies were conducted in an area of central
Arizona in which two species of Iguanid lizards (Urosaurus
graclosus and U. ornatus) occur in sympatry.

The results

of these investigations have been reported in three parts.
Part I. Comparative Ecology of Urosaurus graclosus
and U. ornatus in an Area of Sympatry.—A comparative study
of these two species demonstrated that although they occupy
the same geographical region in the study area, they are
isolated into two distinct micro-environments which differ,
in part, in the amount and type of plant cover. The basis
for the ecological separation of these species is complex
and includes differences in required thermal thresholds and
in behavior.
During the period of study, climatic and environmental conditions changed markedly within the study area
and subsequently there were changes in the spatial distributions of the two species, with the virtual decimation of
one (U. ornatus). As the distribution of U. ornatus
diminished, that of the other species (U. graclosus) expanded
accordingly.

The data of these investigations are in support

of Gause's rule. It is concluded further that there is no
direct evidence that competition exists between reptilian
species; the nature of the present data itself may permit
quite different interpretations.
iii

Part II. Demographic Aspects of the Ecology of
Urosaurus graclosus.—As the distribution of U. graclosus
expanded within the study area, there was a decrease in
population-density.

As a result, several density-dependent

functions were investigated in addition to usual studies
of natural history.

It was found that the age (and size)

at which males reach effective maturity and the sex ratio
were density-dependent functions. Both of these were related
to the ontogenetic change in throat color. The hypothesis
is presented that social pressures trigger a physiological
response that inhibits the attainment of effective sexual
maturity (and a change in throat color); consequently, the
rate of increase of the population is not directly controlled
by the number of males.
Part III. Thermoregulation in Urosaurus graclosus.—
lavestigations of physiological and behavioral thermoregulation
of U. graclosus demonstrated several seasonal and dally
differences in thermal thresholds and in the methods of regulation.

Physiological responses involved thermal over-com-

pensation (short term) and seasonal acclimation (long term).
Behavioral responses consisted of regulation of the time of
activity periods, height above ground, and angle of incidence
with solar radiation. The hypothesis is presented that differential activity of certain phenotypes may also play an
important role in thermoregulation.
iv
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INTRODUCTION
Three outstanding fields of biology, in terms of
understanding evolutionary mechanisms, are genetics,
ecology, and demography. Although all three of these disciplines have most commonly been treated separately, the need
for studies relating these areas to each other and to older
fields of biology has long been recognized. Such a trend
is evident in the recent development of, and emphasis upon,
such fields as population genetics and physiological ecology.
Although reptiles as a group have not lent themselves favorably to the field of genetics, they do appear
to be extremely suitable for enriching our knowledge
In the fields of ecology and demography. Studies of reptilian ecology, in terms of adaptations, stem mostly from
the recent work of Raymond B. Cowles on thermoregulation.
Concomitant with this study, and also subsequent to it,
several other studies have been undertaken, with excellent success, In terms of understanding ^certain mechanisms
of reptilian adjustment and adaptation to different

/

varying environmental conditions.1
More recently several workers have also concentrated
on using reptiles for population studies,2 and although
several of the physiological aspects of demography are not,
as of yet, clearly delineated, reptiles appear to offer
remarkable tools for these areas of study, partly because
of the ease with which changes in their populations can
be followed, and also because of their relatively sedentary
habits, easily observable behavior, and rather simple
social structure.
An integral segment of both ecology and demography
involves those problems associated with interspecific
"competition" and the associative ecological isolating
mechanisms. Reptiles have been the subjects of many
papers concerned with such problems.3

1. Attsatt, 1939? Barden, 19^2; Bogert, 19^9a,
19**9b, 1953a, 1953b, 1959; Cole, 19^35 Cook,.19^9; Cowles,
19*fl; Cowles and Bogert, 1 9 ^ ; Dawson, I960; Dawson and
Bartholomew, 1956; Gelineo and Gelineo, 1955; Ihger, 1959;
Larson, 1961; Lowe and Vance, 1955; Lueth, 19^1; Mayhew,
1961; Mazek-Fialla, 19*+1; Mosauer, 1936; Pearson, 1951*;
Rogers, 1953; Ruibal, 1961; St. Girons and St. Girons,
1956; Stebbins, 1958, I960; Strelnikov, 1 9 ^ ; Templeton,
I960; Tremor, 1962s Ushakov and Deverskii, 1959; Vance,
1953; Wilhoft, 1958a, 1958b, 1961; and Wilhoft and
Anderson, i960.
2. Blair, I960; Fitch, 19*K>, 195S 195 6 ; Sexton.
Heatwole, and Meseth, 1963; and Tinkle, 19ola, 1961b, 1962.
3. Bogert, 19^9a, l$W9b$ Cagle. 19^5 Carpenter,
1952, 1962, and elsewhere; Hunsaker, i960, 19o2; Inger5
1959; Laughlln, 1958, I960; Milstead, 1957a, 1957b, 19ol;
Rogers, 1953; Ruibal, 1961; Tinkle, 1958; Ushakov and
Deverskii, 1959; and Wilhoft, 1958, 1961.

3
An area in central Arizona (10 miles southeast
of Wickenburg, Maricopa County) in which two closely
related species of iguanid lizards, Urosaurus graciosus
Hallowell, l85*f, and Urosaurus ornatus Balrd and Girard,
1852, occur together, has afforded an opportunity to study
several aspects of reptilian biology in terms of their
adaptations, ecology, and demography.
The present study was originally planned to provide
an exhaustive comparison of many features of the biology
of these forms, but changing climate and environment led
to such drastic changes in the relative abundance of the
species (with the local decimation of one, U. ornatus) that
many of these studies could not be completed.

Yet, these

same conditions have enabled observation of the direct
effect of climate-induced environmental changes upon
the distributions of the two forms; furthermore, they
have enabled a rather extensive study of certain effects
of population-density upon one of the species (U. graciosus).
The first part of this report is concerned with the
original outline, and is a report of a synecological
study of the two species.

The second and third parts,

which are more limited in scope, are concerned with certain
demographic and thermoregulatory aspects, respectively,
of one of these species (U. graclosus).

If

GENERAL METHODS
Although all three parts of this study were conducted simultaneously, the particular methods for each
will be reported separately in conjunction with the
results of each part.

In general, however, all three

have several methodological aspects in common.
These investigations were conducted from August,
1957 to October, 1962, in the immediate vicinity of the
Otis Gates Ranch, 2.9 miles by road west of Morristown,
Maricopa County, Arizona (10 miles southeast of Wickenburg).

The individuals within the populations of Urosaurus

graclosus and U. ornatus in this area were marked by
toe clipping.
To avoid confusion of marked animals with those
that had lost toes naturally, no less than two toes were
clipped from each individual; no more than four toes were
clipped from any one individual and of these no more
than two were ever taken from the same foot. Toes considered
to be of greater use to the animals in terms of locomotion,
etc. were not removed.

These Included the first and

fifth digit of the fore-feet and the fourth and fifth
digit of the hind-feet. Observations and marking of the
population were continued at both regular and irregular
intervals throughout the duration of the study. Care

5
was generally taken to avoid recapture of the same individual within two or three weeks of its preceding capture
to avoid or reduce learning.

Evidence of such learning

was noted in the few individuals that were collected
during shorter periods and has also been shown for other
iguanids (Stebbins, 1 9 ^ ; and Blair, I960).
Upon capture, temperatures of body, substratum,
and air were generally recorded along with several other
data including notes on coloration, behavior, growth, etc.
The animals were released immediately (within 2 or 3 minutes)
after capture at the exact spot where they had been obtained,
except in a few instances where they were retained for
slightly longer periods (up to 15-20 minutes) for certain
thermal measurements.
Collecting and observations in the study area
were conducted during all seasons of activity (from March
to October), and attempts were also made to secure
representative samples of individuals from different
parts of the same day.
The territory (or the locus) of each individual in
the study area was marked so that movements of individuals
within the area could be traced.
Standard statistical methods as outlined by
Simpson, Roe, and Lewontin (I960) and Snedecor (1956)

6
were used in the process of data reduction, and the
levels of significance are based upon the tables presented by Fisher and Yates (1953).
Descriptions of the study area and of the two
species are included in the section on results and
discussion in Part I.

Part I. Comparative Ecology of Urosaurus graciosus and
Urosaurus ornatus in an Area of Sympatry

INTRODUCTION
The Interactions of similar species in sympatry
has been a subject of much interest among biologists for
several years. Darwin (1859) was one of the first to
bring attention to the general problem when he stated
that
"It is the closely allied forms—varieties
of the same species and species of the same and
related genera—which, from having nearly the
same structure, constitution and habits9 generally come into the severest competition with each
other; consequently each new variety or species,
during the progress of its formation, will generally press hardest on its nearest kindred, and
tend to exterminate them."
This concept was later stated, in somewhat different
terms by several biologists.

h.
Richardson,
1917, 1928;
and Winsor,

In 1931*, Gause supplied the

Crombie, 19^7; D'ancona, 1951*-* Forbes and
1908; Gause, 193*+, 1935, 1937; Grinnell, 190^,
KotBtitzin, 1937; Lodka, 1932; Volterra, 1931;
193^; to mention only a few.
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first experimental evidence for this concept from his
work with protozoans; and subsequently the phenomenon
has, most frequently, been referred to as "Gause*s
hypothesis" (Gilbert, Reynoldson, and Hobart, 1952),
"Volterra-Gause principle" (Hutchinson, 1957), "Gause*s
law" (Savage, 1958), and "Gause's principle" (Odum,
1953, 1959)-

Less frequently, it has been referred to

as the "Competitive exclusion principle" (Hanson, 1962)
and as "Grinnell's axiom" (Udvardy, 1959).

In reality

this concept is, by definition, a rule; hence the term
"Gause's rule" is employed in this study.*
In 1937, Gause stated what he then considered
to be the first and second principles of biological
associations. The first of these, which is now referred
to as Gause's rule, etc•, states that "the steady state
of a mixed population consisting of two species occupying
an identical 'ecological niche1 will be the pure population
of one of them, of the one better adapted for the particular set of conditions." Gause's second principle of
biological associations, which is actually a corollary
5. Udvardy (1959) stresses that Grinnell was the
first to state the principle, and that "with all due respect
for Gause's demonstrative experiments on this subject- the
concept should justly be called Grinnell' s .axJLsm,." It is
only out of deference to a long and well-entrenched
tradition in this area of zoological thought that the
term "Gause's rule" is employed in this paper.

8
of the first, states that "two species occupying different
ecological niches in the habitat continue to live together
indefinitely in essentially stable equilibrium, in which
each one occupies the niche where it is more efficient."
Today, Gause*s rule is frequently stated as "two
species do not occupy exactly the same niche" (Hanson, 1962);
"two species with similar ecology cannot live together In
the same place" (Anon., 1 9 ^ ) ; "no two species have the
same ecologic niche at the same time and place" (Savage,
1958); "within the same taxonomic group, such as the genus,
family, or order, species often show a similarity in niche
relations • • • • but they almost never actually occupy the
same niche in the same habitat" (Odum, 1953).
In recent years, and concomitant with a desire of
ecologists to attain some uniformity at least in definitions, this concept has been the target for much adverse
criticism (for example, see Ross, 1957, 1958; Gilbert, Reynoldson, and Hobart, 1952; Williamson, 1957).

Even though

the concept may continue to be stated in somewhat different
terms, most biologists agree that the idea is sound.
Since Gause's classical study on protozoans, other
workers have investigated several species of insects and
a few species of vertebrates in terms of Gause1s rule.
Among the reptilian studies, most concern rather distantly
related forms (often above thg specific level).
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It is interesting that most of the reptilian
studies are directly related to, or contain reference to,
thermal requirements of these species. And, most of the
differences between species within the same broad geographic
area are usually attributed to thermal conditions (Inger,
1959; Bogert, 19^9a; Ruibal, 1961; Ushakov and Deverskii,
1959).

The large amount of concern with temperature in

these studies is probably due in part to the recent surge
of interest among herpetologists in reference to thermoregulation, but also it is due, in part no doubt, to the
large number and variety of reptilian adaptations that are
associated with temperatureo
Almost all earlier papers have pertained to
species that are geographically as well as ecologically
isolated.

The present study area has afforded investi-

gation of two closely related species that have overlapping geographic ranges and also apparently overlapping
ecological ranges.
Lowe (1955) pointed out the vast store of knowledge that was available in this region when he wrote:
"The habitat niche of U. j». shannonl In the Hassayampa
Elver area near Wiekenburg, Arizona, is not unlike that of
Uo ornatus. And the two, while occasionally in complete
ecologic microgeographic sympatric contact, are usually
found segregated into local breeding populations in which

the other is completely absent.

This is indicative of

competition in what appears to be identical spatial or
habitat niches, and offers an interesting ecological
problem."

METHODS
For the most part, this study is based upon
observations and measurements of individuals of Urosaurus
graciosus and Urosaurus ornatus under natural conditions
in the area mentioned; however, data were also obtained
by a study of marked individuals, and by a few determinations of thermal response points under both laboratory
and field conditions.
Body temperatures of individuals of both species
were taken in reference to the normal activity range
and to supraoptimal thermal conditions (siesta).
The normal activity range as defined by Cowles
and Bogert (19^) is "the thermal range extending from
the resumption of ordinary routine (after the animal has
ceased basking, in the case of diurnal forms) and terminates at a point just below the level at which high temperatures drive the animal to shelter.

The entire range

. •>. . ., may be considered as an ecological optimum as
distinguished from the physiological concept of the most
favorable temperature as a distinct entity."

The mean

11
of this range has been frequently referred to as the preferred body temperature, the eccritic mean, or the selected
body temperature. However, in computing this mean, several
workers have failed to follow the definition of Cowles
and Bogert, and they have included basking temperatures
within the normal activity range. This laxity may invalidate some comparisons (as :is pointed out below) and for
the purpose of this report the definition of Cowles and
Bogert (19^) is followed rigidlyo
In order to determine whether or not animals
were within the activity (thermal) range, it was occasionally necessary to observe their actions for several minutes,
and rarely for longer periods. Such observations could
easily be carried out at a reasonably close distance without being noticed by the lizards or distracting them. During
these periods of observation, certain criteria were looked
for in order to determine activity, These included eating,
defecation, and general movement activity. There were
several times, of course, when animals would occasionally
eat while (during) basking; however, they would usually
remain in the basking area while doing so, and seemingly,
would work from a central focal point. Active animals, on
the other hand, moved more at random while eating, and
seldom returned to a central point. On several occasions
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it was impossible to determine, beyond doubt, whether or
not the animal was active or merely basking.
Supraoptical thermal conditions (or siesta periods)
are herein defined as those periods during the day that
occur when environmental temperatures are so high that the
body temperature of the lizard would be above the maximum
voluntary tolerance if they remained under these conditions.
Or, in other words, these are the temperatures which are
above those at which the animal retires to shade or to
underground retreats. Cowles and Bogert (19^) have pointed
out that during such periods, lizards demonstrate increasingly noticeable photophobic reactions.
Temperatures of the substratum and air were measured
immediately after the body temperatures were recorded.

Sub-

stratum temperatures were taken by placing the bulb of the
Shulthels thermometer against the surface of the substratum
upon which the animal was sitting. Air temperatures were
taken one centimeter above the surface of the substratum.
Abbreviations of thermal measurements used In this
paper are BT (body temperature of animals that may or may
not be active), SBT (body temperatures of active individuals only), ST (substratum temperatures), and AT (air temperatures*
Response points to heat stress were determined
under laboratory conditions as described by Tremor (1962).

The animals were preadjusted (acclimated) to 30 C for
a period of one week prior to response point determination.

Response points included gape, loss of righting

(= the critical thermal maximum, CTM), loss of mobility
in front legs, first convulsions, second convulsions,
and death (last gular movement).

The definitions of all

of these end points as used herein are the same as those
of Tremor (1962).
In a few instances, the first of these response
points, gape, was determined in the field.

In these

cases the animals were secured to a wire mesh by tying
their feet to the wire with thread.

A rapid-reading

Shulthels Thermometer was inserted through the cloaca
and then also fastened to the wire mesh.

The lizard,

wire mesh, and thermometer were then placed into an
Alka-Seltzer bottle and the lid, which had been punctured
so as to permit the extension of the thermometer through
it, was secured.

The apparatus was then placed in

direct sunlight on hot sand.

The animal was immediately

removed from the container after the temperature of gape
had been measured.

In most instances about seven

minutes (range, 5-11) were required to reach this body
temperature.
All field temperatures were taken with the same
calibrated Shulthels Thermometer which had an accuracy
of 0.1°C.

\

During the period of investigation, individuals
were collected for reproductive (testis) measurements
and stomach analysis. In each case, the total number
of individuals was small and most samples were taken
near the end of the study so as not to unduly upset the
population-structure by removal.

RESULTS AND DISCUSSION

Status and Description of Species
Although Urosaurus graclosus Hallowell, 185^,
and Urosaurus ornatus Baird and Girard, 1852, have been
described for more than one hundred years, their relationship to each other and to the other members of the genus
has not been properly understood.

Until recently, some

systematists have considered them conspecific, and It
was not until they were described as occurring sympatrically in the vicinity of Wickenburg, Maricopa County,
Arizona (Lowe, 1955), that they were recognized beyond
doubt as valid species.

6. The common names for these species as given
by the authors of the Copeia Check-list (Conant, et al..
1956) are Long-tailed Brush Lizard and Tree Lizard,
respectively.
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The two species are extremely similar in morphology
(Fig. 1, 2, 3 ) ; however, recent evidence (Gates, 1963) indicates that they were derived from quite different genetic
strains—U. graclosus related to the niericaudus group
of Baja California and U. ornatus related to the lateralis
group of northern Mexico (Sonora, Slnaloa, and Chihuahua).
Populations of these species in central Arizona appear to
represent the ends of two convergent lines of evolution—
one (graclosus) from the present tip of Baja California
(the peninsular line), and the other (ornatus) from the
vicinity of Culiacan, Sinaloa (the mainland line).
U. graciosus can most readily be distinguished
from U. ornatus by (1) the presence of a relatively
longer tail (more than twice the body length), (2) the
absence of small vertebral scales between the paravertebral
rows, and (3) a much less spinose body scalation, especially
of the tail.

Several quantitative differences, such as

numbers of ventral, paravertebral, and femoral scale
rows, exist between the two species; however, in most
cases the ranges of these measurements overlap, and the
differences cannot be used to separate the species at an
individual level (Gates, op., cit.).
Urosaurus graciosus.—The range of this species
extends from northeastern Baja California to southern
Nevada and from southern California to south-central

Fig. 1.
A photograph of a male Urosaurus graciosus (below)
and a male Urosaurus ornatus (above), Illustrating certain
diagnostic features: (1) the tall of 2- graciosus is proportionately longer than that of U. ornatusT (2) the tail
of U. ornatus is more spinose, and (3) the general coloration of U. ornatus is darker. Both animals were maintained
at a constant' temperature of 28°C for two hours prior to
the time the picture was taken.
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Fig. 2.
A"pair of J. gracloani from the study area, 2 air
miles vest of MorrXa tovny Maricopa Co., Arizona. The malt
with the more colorful markings, Is la the upper portion o:
the picture•

i
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Fig. 3.
A pair of IT. ornatus; The more concealing coloration
of the female (lover) can easily be seen. Both animals are
from the study area, 2 air miles vest of Morristown, Harleopa
Co., Arizona.
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Arizona.

This range lies primarily within the lower

Colorado section and Arizona Upland section of the
Sonoran Desert, but the species extends into adjoining
areas.

In Baja California and northwestern Sonora it

occurs In the flat, sandy deserts, where it dwells in
creosotehush, salt bush, and other shrub-dominated desert
environments.

In south-central Arizona it is more or less

restricted to river and stream drainages and occasionally
lives on mesquite, willow, and cottonwood trees along
with creosotebushes and other shrubs*
Two geographic races, £• &• P"aTfflop3, and £• &.
graciosus have been described (Lowe, 1955).

This study

involves |J* &» gkfff"""* in the Arizona Upland Desert
section of the Sonoran Desert.
Urosaurus ornatus.—This species occupies a much
larger geographic area and has a greater diversity of
habitats than graciosus.

Its range extends from south-

eastern California to central Texas and from Idaho and
Colorado to northwestern Mexico, including the Tres
Marias Islands (Nayarit).

It is found in Lover atd Upper

Sonoran Life-zones as veil as in the Transition Life-zone.
It lives usually on trees or large boulders, and Is
seldom found'only in shrubs or on the ground.

The species

is polytypic, being comprised of several subspecies*
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Areas of Sympatry.—These two species are known
to occur sympatrically in three areas in Arizona. Bach
of these areas appears to lie on the margin of the range
for one or both of the forms. U. g.. graciosus and
U. £. symmetricus are sympatric along the Colorado River,
and U. £.. shannoni and U. £. schotti occur together in
the vicinity of Tucson (Marana and Avra Valley) and of
Wickenburg.

The present study is concerned primarily

with the region of sympatry near Wickenburg.

Description of Study Area
Biotic Communities.—There are five more or less
distinct ecological areas within the near vicinity of
Wickenburg (Grates, 1957)-

Three of these are of primary

interest to the present study:

(1) the evergreen

chaparral zone Of,000 to 5,000 feet) to the north of
Wickenburg, in which such reptiles as Diadonhis reeallsT
Crotaohytus collaris. Lampropeltis pyromelana« Crotalus
viridist Scelonorus clarkiT Scelooorus undulatus.
Phrvnosoma douglassi. Xantusia arizonae, Gerrhonotus
kingi. and Urosaurus ornatus are commonly found;
(2) the deciduous riparian community along the Hassayampa
River (1,900 to 2,100 feet), characterized by Rana piplens.
Dladophis rejgalis, Eumeces gilbert!. Tantilla atriceps.
Mastlcophls flagellunu and Urosaurus ornatus; and

2£
(3) the flat, sandy desert plains (1,300 to 1,700 feet)
to the south and west of Wickenburg dominated by creosotebush and bur-sage, with typical reptiles including such
forms as Crotalus cerastesT Phrynosoma platyrhinos,
Chlonactis occipitalisT and Urosaurus graciosus.
Several reptiles characteristic of the chaparral
zone, Dladophis regalls. Eumeces gilbertlT Crotaphvtus
collaris. Phrynosoma douglassl. and Crotalus viridis?
extend down the river drainage into the riparian community
near Wickenburg, just as a few forms which are characteristic of the desert plains (Urosaurus graclosusT Chlonactis,
occipitalisy Crotalus cerastes) extend up the river into
this community. Similar extensions of montane and desert
forms into riparian communities are well known for several
other areas of southern Arizona and elsewhere in the
Southwest. U. ornatus reaches its greatest densities of
population in these riparian habitats, and has, in fact,
come to be a characteristic faunal member of such ecological areas in southern Arizona.

7* The last three (Crotaphvtns collar!s. Phrynosoma
douglassl. and Crotalus viridis) have been collected in
or near Wickenburg, but at present it appears that they
have failed to become established in this area* These
locality records are undoubtedly the result of occasional
flood-rafting down the Hassayampa River from the immediately adjacent higher country to the north.

Location.—The study area, in the Lower Sonoran
Life-zone, is located just below the riparian community
of the Hassayampa River near Wickenburg.

The general

area is centered around the Gates Ranch, 2.9 miles by
road west of Morristown, Maricopa County, Arizona (10 mi.
SE Wickenburg).

It lies at an approximate elevation

of 1750 feet In a small valley formed by the Hassayampa
River and is surrounded by low rolling foothills to the
north and west, and by sandy plains to the east and south.
The hills are typical of the Arizona Upland desert, being
characterized by a sahuaro-paloverde association. The
vegetation in the immediate river valley consists
primarily of paloverde, mesquite, desert broom, bur-sage,
and creosotebush.
The study area lies to the left of center of
the geographic range of ornatus in North America, and
is near the northeastern extension of the range of
graciosus into the Hassayampa valley. A few individuals
of graciosus have been collected from isolated habitats 6,
5, and l£ mile's south of Wickenburg and from Box Canyon
(10 mi. WE Wickenburg).

The species is extremely rare

directly within the riparian community.

The northernmost

point of distribution in central Arizona is probably Eox
Canyon.

Although graciosus does inhabit paloverde trees

in the Hassayampa valley, it is improbable that the

species is invading the paloverde—sahuaro association in
the foothills around Morristown and Wickenburg.

The

distribution of the species seems to be associated with
a sandy substratum.

In fact, the range of the subspecies

U. g.. shannon! appears to follow drainages of the Gila
River system throughout central Arizona.

The populations

near Wickenburg lie in the Hassayampa drainage, the
population near Phoenix lies on the Gila River proper
and the population near Tucson lies in the Santa Cruz
drainage.
Climate.—The study area lies intermediate, in
terms of climate as well as geography, to the river
riparian community near Wickenburg, a typical habitat
for ornatusT and the creosotebush desert near Wittmann,
a typical habitat for graciosus.
Wickenburg (2,100 feet) is 10 miles northeast
of the study area and is situated in the Arizona Upland
desert in low rolling foothills just a few miles south
of the high plateau of north-central Arizona. The
annual precipitation of about eleven (10.99) inches
is almost equally divided between summer and winter, with
the spring and fall being dry compared to mid-summer and
mid-winter.

In July and August temperatures range from

about 70°F at night to over 100°F during the day.
Maximum temperatures in late spring and fall are nearly

as high as those of the summer5 however, the minima are
about 10°F lower resulting in the extreme variations of
diurnal temperatures in spring and fall.

The winter

is characterized by minimal temperatures of near freezing
at night to the middle sixties in the afternoon. Rarely,
minimal temperatures may drop below 15°F (January) and
often maximal temperatures may reach the low eighties.
Urosaurus ornatus is abundant in this area and reaches
its greatest density in the riparian community (Fig. k)
which experiences milder summer temperatures than occur
on the adjoining foothills.
Wittmann (1,560 feet) is 7 miles southeast of
the study area and is located near the northern-central
limit of the Lower Colorado desert.

The surrounding

area is rather uniformly flat and somewhat sandy.

The

climate of Wittmann is somewhat dryer than that of
Wickenburg, receiving about nine (9.38) inches of
annual precipitation.

Although the seasonal rainy cycle

is similar to that of Wickenburg, the climate is considerably warmer with maximal summer temperatures
frequently occurring above 115°F and minimal temperatures in the winter seldom falling below freezing.
U. graciosus is commonly found among creosotebushes
(Fig..5) in the sandy regions near Wittmann.

Fig. k.
The riparian community (Section I), 1.3 miles southeast of Wickenburg, Maricopa Co., Arizona. This community
extends along the Hassayampa River from O A miles northeast—
to 6.5 miles southeast of Wickenburg, The general riparian
area is characterized by cottonwbod, willow, mesquite. catclaw, and hackberry. A small permanent stream flows through
the area, tfrosaurus ornatus is perhaps the most Characteristic animal of this community, and is more Or less restricted
(in the study area) either to the riparian community proper
Or to adjacent mesquite thickets; It is generally absent from
the surrounding sahuaro-paloverde association of the adjoining hillsides.
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Pig. 5.
The extreme southern region of Section II of the
study area. This community is characterized by creosotebush, with desertbroom common in the drainage pattern,
and occasional mesquite and/or foothill paloverde trees.
Urosaurus graclosus is occasionally found inhabiting creosOtebush (such as the One shown) in the study area. In
the vicinity of Yuma, and elsewhere in many parts of Its
range, it is typically found in creosotebushes and other
desert shrubs.
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Temperatures of the study area, where grasiosiis
andflrPffitrffffare found to occur sympatrlcally In large
numbers, are somewhat higher than those of the riparian
community near Wickenburg (typical habitat of ornatus)
and somewhat lower than those of the adjoining desert
plains (typical habitat of 2« graclosus).

Description of Study Sections
The study area has been divided into five parts
(Fig. 6 ) , not only as a matter of convenience, but also
because they are actually more or less separated from
each other and appear to represent distinct communities.
Section X is considerably removed from the
others as it is located In the riparian community of
the Hassayampa Elver, k- miles north of the Gates Ranch.
Section XI is situated on the east hank of the
river and encompasses mostly the Gates Bench, being
about 1 mile in length and 0.1 mile in width.
Sections III and IV are located on the west
bank of the river just opposite Section II. Section III
occupies a f1""11 mesquite bosque at the junction of
Wolf's Wash with the river, and Section IV lies
southeast of Section III where Pitt's Wash joins the
river* 1.2 miles to the southeast of the Gates Ranch.

Fig. 6.
An aerial photograph of the study area taken 2 air
miles west of Morristown, Harleopa Co., Arizona* Three of
the sections of study are visible. Section II is situated
on the east bank of the Hassayampa River which is seen running from northeast to southwest through the area. Two
other portions of the study area are located on the west
bank of the rivert Section III is seen at the extreme left
of the picture where Wolf's Wash joins the river, and Section IV is seen near the lower center where Pitt's Wash
joins the river. Sections I and V are not visible in this
figure. Section T Is located.7.3 miles to the northeast of
this area, and Section V is situated on the east bank of the
river 1.2 miles to the southeast of the Gates' residence
(the largest building seen to the right of center). The
length of the area photographed Is 1 mile and the width is
0.7 mile.
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These sections are more or less isolated from
each other by a lack of continuous vegetational contacts,
4- £•» ^ h e &?eas on the west bank of the river are
separated from those of the east bank by the broad
sandy riverbed, and the areas of each side of the river
are isolated from each other by hills that abutt with
the riverbed without valley or bank vegetation.

Distribution of Species in Study Area in 1956
During the seven years of study, several dramatic
changes have occurred in the climate, vegetation, and
distributions of the two species in this locality.
During 1950-1955} end continuing mere markedly since,
there has been widespread death of mesquite trees,
with virtual decimation of whole bosques in this region.
These recent changes are of extreme Importance in
understanding the ecological relationships of the two
species. For the-sake of simplicity, the study will
be considered first upon the distributions of the two
species as they were known at the beginning of the
study in 1956, and second upon changes in these distributions.
In 1956, Section II (on the east bank of the
river in the vicinity of the Gates Ranch) contained
two distinctive micro-ecological areas.

One of these

consisted of the southeastern two-thirds of the area
where the vegetative cover was rather sparse with less
than 50 per cent of the ground surface being covered
(Fig. 7 and 8) by large shrubs and trees (mesquite,
catclaw, and paloverde).

The other habitat, located

in the northwestern one-third of the Section II was
characterized by a dense mesquite thicket (only an
occasional paloverde or catclaw tree) with undercover
consisting of a dense growth of shrubs. Here approximately 90 per cent of the ground surface was shaded by
trees and shrubs, with the canopy virtually obliterating
most of the ground from aerial view (Fig. 9 and 10).
U. graciosus was restricted to the more open southeastern
portion of Section II while ornatus occurred primarily
within the dense mesquite thicket.

The limits of the

two species were for the most part rigidly separated
by an area that follows the border of the thicket
(Fig. 11). No graclosus occurred within the thicket,
but a few ornatus did occur within the sparse area
predominately occupied by graclosus.

m

such cases,

individuals of ornatus were located in exceptionally
large mesquite trees (up to 30 feet tall) as shown in
Figure 12; whereas individuals of graciosus commonly
lived in much smaller trees as illustrated by Figure 13.
The riparian population of these lizards consisted

Fig. 7.
The central portion of Section II (foreground)
which is inhabited only by Urosaurus graciosus. This
flood plain area has a plant coVer which varies from 20
to hO per cent. The broad channel of the river is visible In the center of the picture.
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Fig. 8.
The typical habitat of Urosaurus graciosus (foreground) in the study area (Section II). The relatively
low coverage may be compared with that of the U. ornatus
habitat (Figure 9)« The habitat of U. graclosus contains
more paloverde trees (both foothill and blue) than that
of 12 • ornatus. Although U. graciosus is commonly found
to Inhabit foothill paloverdes within the study area, they
do not inhabit them in the adjoining foothills.
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Fig. ?.

The extreme northwestern portion
of Section II where
r
natus is found. The corral: vl&lblein the
only
of3hi;pictuSe has not been use4 forseverlower let 1
al years| and although much cattle ranching was undertaken in
this area in year's past, there was virtually no activity of
this kind during or lonediately prior to the period of study.

33

.
W
fa

I

Fig. 10.
A photograph showing the relative coverage of
the part of Section II in which Urosaurus ornatus is
found. This picture may be compared with Figure *f (the
riparian Community, of which U. ornatus is a characteristic animal), with Figure 8 Ttyplcal view of the U.
graciosus habitat). and with Figure 6 (the creosotebush Community in which U. graclosus Is typically found
throughout most of Its range).

i
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Fig. 11.
Ao area of Section II, (located on:the east bank
of the HaisayaDpa Hlver) in which both M l l H H £ I£i£l3iBi
and U. ornatuj occur6 The two species are not syapatrlc

atuthiuTIBlrfcntltferigldtit g. $ i m & m * '""

the area located at left of center where the trees are relatively Sparse, and U. ornatus is found in the area with
a Relatively dense stead at ihe tight. "Both species ocjjtor
together only In the narrow region Indicated by the broken
line.

1
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Fig. 12.
A typical example of the type of mesquite tree
that Individuals of 0. ornatus inhabit in the study area.
These trees are larger and more densely arranged than
those inhabited by D. graclosus (Fig. 13). There may be
as many as 15 individuals of U. ornatus in one of these
trees.
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Fig. 13.
a tree typical of those inhabited by U» graclosus.
Only one pair Is nsaaily found in such tfcees which are
smaller and In less dense stands than those Inhabited by
5* ornatufl.
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predominately of ornatus with only a very infrequent
graciosus.

The area was characterized by cottonwood,

willow, mesquite, catclaw, hacbberry, and other plants
of similar life-form.

The ground surface was usually

covered in more than 95 per cent of its area (Fig. k-).
It was in this part of the study area that ornatus had
its greatest population concentration.
Sections III and IV (on the west bank of the .
river) were quite similar to the mesquite thicket of
Section II and only ornatus was found in these areas.
Area V was also, for the most part, a mesquite thicket
occupied only by ornatus.
Hence, in 1956, the species occupied distinct
micro-environments in the study area, with graciosus
being isolated from ornatus in living in areas of
relatively much less dense vegetation.

At that time

contact between the two species apparently occurred
only at one place in the study area, this being along
the margin of the mesquite thicket of Section II (Fig. 11).

Comparison of the Species
in Terms of Ecological Factors
Temperature.—Selected body temperatures of
graciosus and ornatus, respectively, were found to
be 37.^±0.38 and 36.91+0.29 in April, 39.71*0.2^

and 38.I8+O.29 in July, and 1+0.22+0.20 and 38.33*0.3^ in
early September (Fig. ih,

Table 1 ) .

The difference

between the means of these values (Table 2) increases
throughout the year from a highly non-significant one
in April (P>.9) to a highly significant one in September
(P«f.001).
Since graclosus is active only from April to the
first of October, these values can be used to give an
estimate of the amount of seasonal acclimation of the
SBT, as 2.8°C.

The total seasonal range for ornatus

cannot be estimated from these data, as sampling does
not cover the first and last two months of its activityseason; but the range does appear to be roughly of the
same magnitude as that for graciosus."
Methods of thermoregulation appear to be quite
similar for these two heliotherniic species (Fig. 15,
Table 1).

In April, both species show the SBT to be

well above the ST and the AT, with ornatus maintaining

8. This is better estimated as 2.9°C from
regression analysis, in the third section of this report.
9- Individuals of ornatus are active as early
as February, and the selected body temperature for this
early period would be expected to be much lower than it
is in April (estimated as ca.. 35°C).
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Fig. l*f. Selected body temperatures for £. graclpgufi and U. prnatug,
during April, July, and September. The
entire annual period of activity is
represented for U. graclosus (April to
October), but no£ for U. ornatus; the
latter is active from February through
November. Data in Table 1.
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Table 1. Substrata, selected body, and air temperatures for
Urosaurus graclosus and Urosaurus ornatus in April, July, and
September
Month and
response
April

Mean

N

Range

ornatus
ST
SBT
AT

22
22
22

32.77+0.60
36.91+0.29
30.86+0.50

28.0
35.7
26.1*-

38.6
39.**
35.2

graciosus
ST
SBT
AT

11
11
11

33-86+0.8^
37.*m±0,38
31*33++0.79

30.0
35-8
27.8

38.2
39. h
36.5

26
26
26

36.02+0.35
38.l8iO.29
36.38+O.36

32.8
36.1
33.1

: 2 ! 18 ..25

20
20
20

39.03±P.32
39i71+p.2M3 8 . 55?0 .H6

3^.3
38.3
32,9

^-2.1
J+-1.5
**2.6

10
10
10

3 7 . 3 9 + 0 . 51 2
38.33+0.3 *
37.20+0.37

36.S
3h.h

WO.O
39. h
56.2

19
19
19

8.9**±0.35
O.22+O.20
38.76+0.39

36.6
38.1
3^.8

hl.5
}fl.5

July

praatus
ST
SBT
AT
firag^9s^§
ST
SBT
AT
September
ornatus
ST
SBT
AT
graclosus
ST
SBT
AT

I

39.1

hz
Table 2. Comparison of substrata, selected body, and air
temperatures of U. graclosus and U. ornatus in April, July,
and September

Comparison

N

April
ST
SBT
AT

33
33
33

1.06
1.11
0.51

>.9
>.9
>-9

1*6

6.30

k6

3*7^

^.001
</.001
<.001

29
29
29

2.U6
if.85
5.62

.02
^.001
**.001

July
ST
SBT
AT
September
ST
SBT
AT

its SBT (36.91±0o29) 6.05°C above AT (30.86+0.50) and
if.l^C above ST (32.77+0.60), and with graciosus maintaining its SBT (37-1+1^0«,38) 6.10°C above AT (31-31+±0.79)
and 3-58°C above ST (33.86+0.8*0.

There is no apparent

difference (Table 2) between the species in reference
to SBT (P>.9), ST (P>.9), or AT (P^.9), but all of
these values tend to be slightly higher for graclosus.
In July, both species are found active at air
and substratum temperatures that are well above, and
significantly different from, those of April (Fig. 15,
Table 2 ) .

Not only are these differences significant

from those of each species in April, but, they are now
also significantly different between the species, with
the substratum temperature of ornatus being 36.02±0.*f5
and of graciosus being 39.03+6.32 (P= .001) whereas,
air temperatures are 36.38 and 38.55, (P= .001) respectively.

In accordance with these higher environmental

temperatures graclosus also has a higher (P= .001)
SBT (39.71±0.2^) than ornatus (38.18+0.29)Most individuals of graciosus are active at
temperatures close to those of the air and substratum
for the greater part of the day.

But during morning

periods several individuals show the SBT to be considerably higher than ambient temperatures (as a result of
basking).

The grouping of these data, however, masks
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Fig* 15* Substrata, selected body, and air temperatures for
0. graclosus and £• ornatus during April, July, and September. Data in
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Table 3* Comparison of April, July, and September temperatures
of substrata, selected body, and air of 2* ornatus

Comparison

N

ST
April X July
April X September
July X September

36

^.69
9.91
2.19

^.001
<.001
.05

3.08
3.18
0.36

.01
.01
>.7

8.96
10.19
1.33

-4.001
*.001
>-9

SBT
April X July
April X September
July X September

1*8
3

?
36

AT
April X July
April X September
July X September

1*8
3

?
36

»*6
Table If. Comparison of April, July, and September temperatures

Comparison

N

1

P

ST
April X July
April X September
July X September

31
30
39

5.08
6.56
0.52

<£.001
<.001
>.6

31
30
39

5.7h
5.59

^.001
*.001

0.17

>.9

31
30
39

8.»*6
0.35

Z-?7

-d.001
^.001

SBT
April X July
April X September
July X September
AT
April X July
April X September
July X September

>.8

h7
Table 5* Comparison of substrata, selected body, and air
temperatures for £• ornatus in April, July, and September
Comparison

N

April
SBT X ST
SBT X AT
ST X AT

I4f

6.22
10.50

2.45

<.001

<r.ooi
.02

July
SBT X ST
SBT X AT
ST X AT

52
52
52

^.72
3-91
0.71

<.001
• .001

September
SBT X ST
SBT X AT
ST X AT

20
20
20

1.51
1.63
0.17

.2
•1
>.9

.5

1*8
Table 6. Comparison of substrata, selected body, and air
temperatures for U. graclosus in April, July, and September

Comparison

N

April
SBT X ST
SBT X AT
ST X AT

22
22
22

3.88
6.96

1*0
1+0
1*0

1.70
2.2l*
0.86

3

§

3.12

38

o$

2.21

4.001
4.001

.05

July
SBT X ST
SBT X AT
ST X AT

.1

:2 5

September
SBT X ST
SBT X AT
ST X AT

3

4.01
4.01
>.7

^9
effect of basking during early morning periods, because
of the greater number of individuals active later during
the day.

On the other hand, ornatus. with cooler

effective environmental temperatures (ST and AT), has
a SBT that is still significantly different (Table 5)
from those of air and substratum.
The above mentioned difference may reflect
substratum and air temperature selection as being more
efficient in graciosus; however, it seems more evident
that, because of other conditions in the environment,
ornatus is operating at a lower acclimation state than
graclosus and because of its lower acclimation state
it can still operate effectively at lower temperatures.
Early September data, in many respects, show
a reversal of the situation found in July.

Substratum

and air temperatures are still different between the
species as are the selected body temperatures.

However,

the SBT of graciosus is now significantly higher than
its substratum and air temperatures, whereas, it is
not so for ornatus. This difference is perhaps more
of a reflection of sample size than of anything else.
It may also indicate an additive effect of acclimation
in graciosusf i.e.., graciosus now selecting higher temperatures because its acclimation state is higher, even
though there has been no appreciable change in environ-
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mental temperatures.
Fall (late September) data suggest that graciosus
submits to a state of winter-torpor when it is at its
highest state of acclimation, i.e., the species is
unable to lower its acclimation state in accordance
with the lower fall temperatures, and consequently
winter-torpor may be induced when selected body temperatures cannot be reached.

This is shown, in part, by

the progressive increase in SBT throughout the year.
Critical data are lacking from the periods
just before graciosus assumes the state of winter-torpor.
This is mostly due to the fact that individuals become
extremely scarce immediately after the middle of September.
Temperature and activity data of the few individuals
captured during this period are, however, extremely
interesting. As is shown in Table 7, during mid-day,
near the times of expected maximum air temperatures
only two graciosus were found active.

Other individuals,

although on the trees, appeared not even to have been
basking, as their temperatures were insignificantly
different from the AT and ST. It appears that for some
reason, at this late period, only a few individuals
are stimulated to attempt to raise the body temperature
by basking; however, of the two active ones, the body
temperature is similar to those of early September with
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Table 7* Substrata, body, and air temperatures for £. graclosus
in late September

Day

Time

S-V
(mm.)

Sex

BT°C

ST°C

AT°C

Level of
activity

18

12:35 P.M.

38

<?

35.8

36.5

31*-1*

—?—

18

1:20 P.M.

38

o*

35-1*

36.8

36.2

~ Tr-

19

11:1*0 A.M.

56

$

1*0.1*

37.8

36.0

active

19

11:59 A.M.

o*

38.8

38.0

36.2

basking

29

12:15 P.M.

o*

1*0.1*

35.0

33.9

active

29

12:30 P.M.
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5h

9

3i*.i*

3l«-.3

32.7

— ? —

29

12:1*0 P.M.

>*6

°

35-9

31*.2

33.2

basking
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no evidence of its being lowered.
Bogert (19l*9a) has also reported that "on occasional
days in spring or fall that lizards appear to bask without
ever raising the body temperature to the threshold level
of the normal activity range," and he further points out that
"if the air and substratum are below the lower limit for the
basking range, not yet ascertained with precision for any
reptile, the lizard may not emerge."

It is interesting in

this respect that the tree-dwelling graciosus is in effect
not "emerging" and appears to be not stimulated to bask.
Animals have been observed to bask effectively at lower
temperatures than these in the spring, but at those times
the SBT is correspondingly 2e8 C lower.

It seems possible

that in the fall the air temperatures are not high enough
to stimulate

basking.

It is less likely that such a lack of basking would
be due to environmental conditions, as they are extremely
similar between spring and fall, and that the difference
between spring and fall behavior lies within the physiology
of the animalse
Vetas (195D has found a similar situation among
several species of snakes for which he states that "it
appears that emergence in spring is more closely confined
and regulated by warm daytime temperatures than is entrance
in the fall which is dispersed over a much wider range of
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dally temperature•" The role of a time-keeping mechanism
is, of course, not to be overlooked, but temperature alone
may explain this phenomenon. The effect of day length on
activity has been described by Barden (19**2) for Cnemldophorus sexAiq?a^s.
The data for graciosus tend to Indicate that this
species cannot react favorably to the lower fall temperatures by acclimation, whereas fall (November) SBT for
ornatus are probably lower than summer values and similar
to those of spring.

It appears that by operating at

lower temperature thresholds, ornatus may possibly be able
to react favorably with cooler fall temperatures, and hence
prolong its annual period of activity. Further investigation may reflect a basic difference between these species
in respect to acclimation to cooler temperatures.
The differences in thermoregulation between the
two species are readily shown to be correlated with their
respective micro-environments—ornatus. with the lower
thermal thresholds, lives in the cooler habitat and is
active from February through November, whereas graclosus
10. Vance (1953) bas shown that mean body temperatures for ornatus in Sabino Canyon (near Tucson, Arizona)
are 36.8+0.89 in spring (May) and 3**.5+0.91°C in fall (September-Oqtober); however, the difference between the two
means has a probability of being significant only at the
30 per cent level. The data were collected incidental to
another study and not In strict reference to the activity
range, and they include temperatures of inactive (basking)
individuals.

with the higher thresholds, lives in the warmer habitat
and is active only from April through September. The differences in the respective substrata (and density of the
trees) demonstrate the relative efficiency of the adapta-.
tions of the species to their respective habitats. More
drastic conditions are evident, however, under conditions
of extremely warm summer afternoons, when the difference
in substratum temperature and its effectiveness becomes
increasingly evident.
During times of supraoptimal air temperatures in
July, paired data were colledted along the edge of the
mesquite thicket in Section II.

It is easily seen that

substratum temperatures play an important role in maintaining body temperatures below unfavorable levels (Fig.
16, Table 8).

Air temperatures

of the two species are

not significantly different (Table 9); hut, yet, the BT
of ornatus (38.61+0.1*7) is significantly lower than the
lp

BT of graciosus (**0.l*2+p.32).

The body temperatures,

11. Collection was done along the edge of the
thicket so that a small amount of lag existed between the
recording of temperatures for each species. Only those
data which were collected for each species within five
minutes of each other are used in this analysis.
12. It should be noted, here, that BT refers to
body temperature and not to selected body temperature of
the normal activity range. There animals are not active
at these temperatures.
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41

39

37 graciosus
ornatus

35
ST

BT

AT

Fig. 16. Substrata, body,
and air temperatures for fi. graciosus
and £• ornatus recorded at the same
time of day under conditions of supraoptimal air temperatures (siesta
period) in July. Data In Table 8.
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Table 8. Paired substrata, body, and air temperatures for
£. graclosus and U. ornatus during
air temperatures (siesta) In July
Response
BT

N

Range

grac;Losi*s

9

1*0.1*2*0.32 .

38.8 - 1*1.7

ornatus

9

38.61+0.1*7

37.0 - M-0.1

gracjiosus

9

39.56+0.38

3 8 . 1 - 1*1.1

ornatus

9

36.76±0.38

3**.3 - 3 8 . 1

KFftCiLosus

9

1*1.56*0.38

3 9 . 2 - 1*3.2

ornatus

9

1*1.31+0.1*5

39.M- - ^3.5

ST

AT

Mean
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Table.9* Paired comparison of substrata, body, and air
temperatures for 2. graciosus and J2. ornatus during periods
of supraoptimal air temperatures (siesta) in July

Response

N

t

P

BT

18

3.20

.01

ST

18

5.21

<.001

AT

18

0.**2

>.7

in both cases, lie intermediate to the temperatures of
the AT and ST. And, it appears that the lower BT of
ornatus. is primarily a function of its lower ST. These
lower substratum temperatures permit ornatus to maintain
its body temperature 2.7 below air temperature whereas,_
the BT of graciosus is only 1.2 C lower than AT.
The difference in substratum not only reflects
the cooler substratum available on the surface of the
trees in the heavily shaded mesquite thicket, but, also,
it depends upon the availability of crevices under the
bark and in the trunk of the tree. U. ornatus commonly
crawls into these crevices, to seek cooler substratum
temperatures, -whereas graciosus is most commonly seen
on the surface near the base of the tree (Figs. 17 and
18).

When crevices are present, however, graciosus

does take advantage of them, but few of the trees
outside of the mesquite thicket have such crevices.
Gape responses in the field during July reflect
the same magnitude of difference between the species
as did selected body temperature for the same period.
These values were 1*2.1*0+0.22 (range ^l.O-^.O, n=13)
for ornatus and 1+3.23+0.11* (range 1*2.0-1*1*.1*, n=2^) for
graciosus (Fig. 19). When individuals of both species
were collected in July and acclimated to 30° for seven
days, no significant difference in gape response was

Pic. 17.
A photograph of a male U. ornatus taken on the
afternoon of August 21*, 1961. "The lizard was located in
a horizontal crevice at 3 feet above the ground on a
mesquite trunko On hot afternoons Individuals of U. ornatus seek shelter by crawling either into such crevices
as this one or under nearby debris. At the time (3s20 P.M.)
this picture was taken, the following temperatures were
recorded; AT, ^2.1; ST (1 inch inside the crevice), 37.6:
and BT, 39.3°C.
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Fig. 18.
A phGtoeraph of a male Uo graclorUfj taken on
the afternoon of August 2i*, 19^1. The head of the 11*
aard is 8 inches above the ground on the ahady side of
a catelaw tree. On hot afterhoohs lnaividuals of g.
gr&cloaUf are usually found on the lower parts of the
trees ~With the axis of thefc^dfyp#rp«n4i0ttlir to the
surface of the ground (vertical to the trunk of the tree).
At the ti«© this picture was taken (3«25 P.M.) the following temperatures
were recordedt AT, **2.31 ST, M-1.7;
and BT, i*2.0oC.
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Fig. 19»
Thermal response points ef P. graeibius and J, ggnaJU as deter*
•ined in the field and in the laboratory after siaultaiieotts aooliMatlon to
30*0 for seven day6. Sesponset of selected body teaperatur* (SBT) and gape
(F-OAPE) were deterained In the Meld during June. The response points that
wert determined for aniatls that had besn collected in June and Subsequently
acclimated to 30°C are gape (A-QAPS); loss of rlfhting (HR)f loss of nobility
of front legs (IfL), first convulsions (FC), last convulsions (LC), and
doath. The period Of acelimation did not si«nificently increase the teiperattire of: gap* for B» iracToeiifrL hut it did for ffi ^ m A . Although the
difference tetwiwi the gapi responseo of the-s two species were not significantly different after sifttataJoebus acclimation, all of the" other (BOre
genetically fixed) responses were, with the differences increasing as death
was approached* Data In Table 10*
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Table 10. Thermal responses forfi.graclosus and £[. ornatus
after simultaneous acclimation to 30°C

Response

N

Mean

Range

graclosus
ornatus

15
li

ff3.62+0.25
hl*2h+0.25

j+2.2 - h5*h
*KL.5
- *&.$
..5 ~
*"••:

No Righting
graciosus
ornatus

12
10

*f6.89+0.13
**6.39+0.15

**6.k- - ^7.6
^5.8 - M-7.2

Loss of Front Legs
graciosus
ornatus

10
9

1

*f7.57±0.10
+6.72±0.l5

^7.1 - ^8.0
M6.0 - h7*k

First Convulsions
graclosus
ornatus

Ik10

^7.6%±0.12
*f6.99±0.19

*t6.8 - **8.7
^6.2 - h?.7

Second Convulsions
graclosus
ornatus

1»*
8

^8.80±0.09
1*7.66±0.20

^8.5 - ^9.7
*f7.0 - **8.3

15
11

^9.26+0.15
hB.lk±0.21

^8.9 - 50.7
^7.3 - ^ - 3

Gape

Death
graclosus
ornatus
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Table 11. Comparison of thermal responses of fl. graclosus
and Q. ornatus after simultaneous acclimation to 30OC

Response

N

Gape

26

1.08

.3

No righting

22

2.53

.02

Loss of front legs

19

h.75

4.001

First convulsions

2h

3=81

4.001

Second convulsions

22

5.21

4.001

Death

26

h.3h

4.. 001

found (Fig. 19, Tables 10-11).

However, all responses

above gape, from the loss of righting through death,
are significantly different, with the means becoming
more and more different (and significant) as death is
approached.
Tremor (1962), in noting seasonal differences
in gape and the CTM for ornatus. stated that both
seasonally in the field and under experimental acclimation conditions the inelasticity of the responses were
directly related to their proximity to death.

Tremor's

work and other work under the direction of C. H. Lowe
at the University of Arizona (unpublished) led to the
assumption that acclimation is not of a particular response, but, rather, of the entire sequence and that
all responses fall on a line that appears to be relatively
fixed at the upper limit (death);13 so that whenever
adjustments are made to raise the lower limits, they
merely push these responses closer to the level of
death.

The consequence of this mechanism is a lower

margin of safety, and any upward adjustment must be
expensive to the organism.

13. Dawson (I960) has listed several interspecific differences In temperature responses, but, all of
these are, In actuality, related, and are a function of
the response curve.

From the data presented herein (Fig. 19), it
is apparent that even though the gape response of the
two species can be adjusted tc the same level after
seven days of acclimation, the other, more rigidly (and
more genetically) controlled responses still remain
distinctly different. The regression lines of responses
of temperature11*" are seen to diverge, and this is believed
to be a result of a decrease in the cushion between
gape and death in ornatus. Under natural field conditions, it would be expected that the two curves would
have the same slope as is indicated by the relationship
between SBT and gape for each species.
Bogert (19^9a) states that "the PBT 0=SBTj and
its mean or optimum are fixed by heredity • • • , that
uniformity in the PBT is at the species level, and
moreover that closely related species have similar,
but not necessarily identical temperature preferences."
Later, in his study of ten species in the Genus Sceloporus
(19**9b), in which several hundreds of miles of latitude
and several diverse habitats are covered, he goes on to
say that closely related species "maintain similar

Ik.
In figure 19, temperature is placed on the
ordinate and response points on the abscissa. It is
recognized that this is improper as the response is
dependent upon temperature, but, for the sake of
uniformity and clarity, the methods as used are those
of previous workers.

thermal levels in the body under diverse ecological
conditions . . . •" and that each species maintains
"a thermal level that is more or less characteristic
of its genus."

In support of this hypothesis, he states

that among the ten species of Sceloporus he studied,
the mean SBT of all species falls between 32.9+0.38
and 36.9±0.2*+°C with most of the forms being insignificantly different from each other. Bogert attempted
to develop the idea that within one area, temperatures
of lizards may be different at the generic level, but
that all species of the same genus generally have the
same SBT regardless of the diversity among the habitats
occupied by the members of the genus.
Bogert's conclusions should be examined with
reference to two groups of facts.

(1) His data were

not collected in reference to season, and he states
that the preferred BT "is not dependent upon size,
sex, or season," (19*f9a» 19^9b).

Seasonal changes

have been reported for Urosaurus in this paper, and
Wilhoft and Anderson (I960) have shown that the preferred BT of Sceloporus occidental!s changes with the
acclimation state.15

(2) In addition to the present

15* Soule (1963) has demonstrated that within
the same species differences may be obtained from
different geographical areas, but his data are not
collected in strict reference to the activity-range
and small sample sizes are used.
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study, other comparative studies of lizards have demonstrated
ecological differences between closely related species
that are dependent upon different thermal adaptations
(Deverskii, 1958; Rubial, 1961; and Wilhoft, 1961).
Wilhoft (1961) has shown that two tropical
Australian skinks show differences in the SBT in reference to differences between their habitats. Furthermore,
he points out that the species living in the cooler
environment show the same magnitude of difference
between the SBT and the ST and AT as do those living
in the warmer habitat.
Ushakov and Deverskii (1959) have demonstrated
similar differences between the TranscauasIan lizard
(Eremlas pleskel) and Strauch's lizard (Eremlas stauchii).
These species are sympatric over a large area in Russia
and are ecologically isolated by the period of the
day during which they are active.

In summer the lizard

with the lower thermal limits (stauchii) had activity
periods restricted to morning and evening while the
other was active at mid-day.

The difference in activity

temperature, furthermore, was also found to be correlated
with differences in "heat tolerance of the muscle
tissue of these lizards."
Ruibal (1961) in a study of five arboreal
Cuban species of the lizard genus Anolls. found that
the three closely related species were found to differ
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in "temperature preferences" and that the species
occupying the same thermal habitat are not closely
related and differ in perching habits.
It seems evident that genetic differences
in temperature tolerance may act effectively to
isolate species that live within the same general
area even if the species are closely related. This
may be accomplished by several mechanisms, including
temporal and spatial Isolation. The study of such
phenomenon are of course severely hampered by seasonal
changes in the levels of thermal tolerance, and areas
of sympatry offer areas for profitable study. It
will be interesting to look for trends between, and
within, taxonomic groups of reptiles In regard to
temperature levels in general, and to the SBT in
particular.

It may develop that there may not be any

other than broad correlations related to phyolgenetic
lines.
Behavior.—Although the two species of Urosaurus
are extremely similar in many aspects of behavior, they
differ considerably in respect to territory-structure.
Territories^ of graciosus were found, in all

16. The definitions of territory and home range
as given by Burt (19^3) are followed. Burt defines the
territory as "the protected part of the home range, be it
the entire home range or only the nest." and the home range
as "the area, usually around a home site, over which the
animal normally travels in search of food."
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cases,17 to be limited to a single tree or large shrub,
with no more than one pair within the same tree or shrub.
Generally, when no other sizeable plants were present in
the immediate vicinity of the territory, the tree or
shrub also represented the home range of the individuals
within this territory.•*-" When shrubs were found adjacent
to the principle plant, the animals frequently used
these for feeding activities, and hence, these areas
could be designated as constituting a home range.^

17« In two cases, two pairs were observed to live
within the same tree, but in both of these instances the
trees were bifurcated at the base, and the two territories
were well-separated by rigidly defined boundaries near
the area of contact.
18. There is some indication that within a particular tree, the territory is established near the base
of the tree, and that certain upper sections of the tree,
in actuality, represent the home range. In these cases,
then, when the male defends the territory by being present
near the base of the tree, he is, at the same time,
defending the home range; and, by definition, all of the
area is. a territory, and home ranges are absent.
19* Individuals are seldom found on the ground
running between trees or shrubs and it seems quite evident
that they do not include, generally, areas within their
home range that cannot be reached by means other than the
ground. Since trips outside the home range are extremely
infrequent, and seem to be associated more with other
aspects of the animals' ecology than with its usual
activity, it appears that there is no need in this study
to use the term "home realm" as proposed by Milstead (1961)
and defined as "all of the area within which an animal
is normally active from day to day." Milstead applies
the term "home realm" to the area of all activity within
the territory and home range and outside of the home
range; it is certainly clear in the present study that
outside the home range lizards are not "normally active
from day to day."

Usually, only a male and female graclosus were
found within one territory, but the inhabitant-composition
of the territory varied with season (reproductive cycle)
and year (population-density). In spring and mid-summer,
the territory contained a male and female; but, later in
the year (late summer and fall), one or more (generally
not more than two) juveniles would frequently be present
within the territory.

Under periods of low population-

densities, a male and female were found within one
territory; but, under high densities the individuals
with a territory would include an occasional submissive^
male in addition to the dominant male and female. On
no occasions were more than one mature female found
within the same tree or shrub.
In contrast to the situation with graciosus T
ornatus frequently is found to have several males and
females living within the same tree.21

The males appear

to have fairly well-defended territories within the

20. Submissive, in this paper, refers to those
males that are apparently mature (as determined on the
basis of the testicular/snout-vent ratio), but evidently,
are not breeding. For a further discussion of this
subject refer to part 2 of this paper.
21. As many as 15 individuals (5 mature,
dominant males. 5 mature females, 3 juveniles, and
2 mature, submissive males) have been collected from
a single tree in late July.

tree, but the females do not. Frequently, although
the numbers of mature males and females are generally
balanced within a particular group of territories
(one tree or a cluster of trees), a male may be found
with two or more females within his territory over the
period of a single day.

The relationships of submissive

males to dominant ones remain unclear, as do the relationships between the various dominant males. It seems
possible that there is a "peck order" among the dominant
males even though they have fairly well-defined territories.

Submissive males appear to act In a manner

similar to those of females, and wander throughout the
tree, crossing several territory-boundaries.
Home ranges are more evident among ornatus,
as individuals frequently leave the principle tree and
feed or bask in adjoining shrubs, on the ground, or on
rocks. Frequently, the bases of trees are not defended
as several individuals use this as a run-way.

Instead,

defense is found in higher sections of the tree, usually
at the base of major branches.
The relative rigidity with which graciosus
restricts the numbers of occupants in a particular
territory., and the numbers of territories within a
single tree, as compared with the relative plasticity
with which ornatus restricts them, appears to reflect
the more complete development of monogamy observed in

graclosus.

The difference in the extent to which monogamy

is developed in the two lizards appears to stem, In part,
from adaptations of the species to different types of
plant life-form and plant communities.
U. graclosus typically lives in a relatively
simple community comprised of several, well-isolated
creosotebushes, whereas ornatus typically inhabits a
more complex riparian community where there is little
separation, if any, between trees. The riparian community
is, furthermore, capable of supporting a greater biomass
and a typical population of ornatus would be expected to
consist of more individuals than would one of graciosus
in the same amount of space. U. ornatus can reach a
higher energy level (greater biomass) by living under
crowded conditions, whereas graclosus is normally
restricted (in the creosotebush community) to a lower
energy level (lesser biomass) by the comparative simplicity of the plant community in which it dwells.
Shifts in territories appear to be relatively
simple and similar for both species, but sufficient data
are not available for a thorough comparison.

The infor-

mation on graclosus indicates that (1) males change
territories more frequently than do females, (2) the.
greatest amount of change in territories occurs before
and after the reproductive season, April-July, (3) territories appear to be established almost Immediately after

emergence early in the spring, and (*+) a large segment of
the population occupies the same territory for a period
greater than one year.
The greater turnover of males can be attributed
to their greater tendency to disperse, and to their more
frequent deaths at certain levels of density (see following section). Several factors probably contribute to the
high percentage of territory rearrangement over winter.
Among these are the relative time of emergence, the location of the hibernaculum, and the death of older males.
During the period of study (1957-1963) three
cases of direct contact between the two species were
noted.

The following accounts, taken from field notes,

describe the direct Inter-actions of the two species*
"June k-9 1958. A territory including a male
and female ornatus was invaded by an adult
(mature) male graclosus. The graciosus had not
not been previously marked, so it Is not known
where he came from; but It is fairly certain
that he was not present in this tree on previous
occasions, as the tree has been checked several
times in the last few days."
"June 5, 1958. The animals were watched
practically all day, and several aggressive
actions were observed between the two males*
These actions, usually, involved vigorous bobbing with subsequent short chases, but on one
occasion the ornatus was observed to grab the
tail of the graciosus. The graciosus broke loose
and retreated to a lower section of the tree.
It seems evident that there is some attempt for
two territories to be established within this
tree, as the graclosus is invariably found near
the base of the tree, while the male and female
ornatus are in the upper sections."

i
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"June 6, 1958. The males were in their usual
humor today. It appears quite evident that the
ornatus female lives on the highest portions of
the tree, and the ornatus male in the center
sections, with the graciosus being near the base.
A rather long drawn-out fight was witnessed,
which resulted in (1) the breaking of the tail
of the graclosus and (2) a rapid retreat by the
graclosus out of the tree. He ran across an
open area into a small clump of bushes. Movements beyond that area were not followed, as sight
of the male was lost. It seems that the ornatus
has always had the upper hand in the situation*"
August Ik, 1958. The male and female ornatus
are still living in the same tree and, as mentioned on previous occasions, there is still no
sign of the, or of any other, male graciosus.
June 3, 1959•
The tree is occuppied by a
male and female graciosus. The male graciosus
is not the one that was trying to invade the
territory last year, while it was occupied by
two ornatus.
"June 9, 1958* Another case of contact was
noted today. As:in the case of the first, an
adult male graclosus entered a territory of a
male and female ornatus. He was immediately
bobbed at, and chased, by the ornatus male.
He responded in a completely submissive manner
and immediately left the tree. I was fortunate, .
in this case, actually to witness the graclosus
climb onto the tree. There was no Indication
of any type of behavior that seemed to differ
from that observed when ornatus males entered the
territory of other ornatus.
"April 15, 1959- A male graciosus and male
ornatus were observed running about a tree for
a few minutes after which the graclosus male
departed from the area."
In all three cases of conflict, graclosus was
found trying to invade a territory of ornatusT and in
each of these cases, ornatus appeared to be the more
aggressive and dominant. It is possible that under

75
different climatic conditions (and the consequent higher
level of population-density) that ornatus might attempt
an invasion of graclosus territories. But, during the
period of this study, both the numbers of ornatus and
the area they occupied decreased and the population was
certainly not under any obvious intrinsic pressures to
expand its range. Furthermore, it should be recognized
that ornatus emerges earlier in the spring than does
graclosusT and while ornatus is selecting and establishing its territories, there is no "competition" with
graciosus as they are not active at this time. By the
time graclosus does emerge, ornatus are well-deployed
and their territories are stabilized.
These data are in accordance with those of manyother workers, and most recently of Hunsaker (1963) who
studied several species of iguanids in the genus Sceloporus.
Hunsaker stated the well-known observation that "an
animal that invades the territory of another is
generally at a psychological disadvantage and usually
loses the battle. The escape reaction is much stronger
in the invader than in the defender."
In several cases, ornatus were found to disappear
from trees during the summer and the vacated trees were
almost immediately filled with graclosus.

It is interest-

ing that both the male and female of ornatus disappeared
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simultaneously.

Consequently there was no contact

between female ornatus and male graciosus.
The defense of a territory by a male ornatus
against a male graciosus differs little, perhaps not
at all, from the defense of an ornatus male against
another male of its own species.

It appears that there

is, perhaps, no behavioral or social mechanism, other
than defense of the territory, that would tend to
separate the two species into separate trees.

That is,

the mechanism of intraspecific defense also serves as
one for interspecific defense.
Carpenter (1962) has shown that bobbing patterns
of the two species are similar but yet they display
several small differences. He does not mention the
effect of these differences, however, in terms of
interspecific contact. From the above accounts, it
is thought that there is no noticeable effect of bobbing
upon males, but a small amount of experimental evidence
does Indicate an effect upon females.

The bobbing of

ornatus males and graciosus males is "attractive" to
their respective females but "repulsive" to the females
of the other species. This may, then, explain the
absence of the occurence of male graclosus and female
PTnfltuff within the same area.

That is, the male graciosus

actually, by attempting to attract the ornatus female,

drives her out of the area.
In a study of the toranatus group of SceloporusT
Hunsaker (1962) found that "the female lizard selects
her living area to coincide with that of a male of her
species," and that the male's "aggression toward a
male invader of any similar species protects the female
from extraspecific gene flow."

It appears that the

female may also be separated by her own reactions to
the different bobbing patterns. Hunsaker also points
out that individuals can recognize individuals of
different species by small morphological differences.

In

the present study area, one of the most obvious differences is that of the throat coloration.

This coloration

differs considerably in the two species.
The mature males of graciosus have an orange
throat color and ornatus males have a deep blue-green
color on most adults, and a few have blue with orange
or yellow center patches. The belly (abdominal) patches
also differ In color, those of graclosus with a lighter
and slightly different shade of turquoise than those of
ornatus *
Carpenter found that within the species ornatus
dominant males assume a darker color than submissive ones.
Since the general body ground-color of ornatus is by far
the darker of the two species, and if such a light-dark

reaction is also operating in graciosus. then in many
cases graclosus may merely" react submissively to ornatus
because of its darker color.
The extreme variability of throat coloration
of ornatus males is probably in part an ontogenetic
change, as is the case in graciosus. However, this
cannot be as easily ascertained as there probably are
different levels of dominance within a large tree when
several pairs are present.

The frequency of various

throat colors has been noted to vary considerably
between populations and there is some evidence that
this may reflect genetic drift as well as density
effects.

In fact one of these populations (Chirichua

Mts.) was described (Mittleman, 19^1) and subsequently
recognized (Mittleman, 19^2; Smith, 19^6; and Stebbins,
195^) as a distinct subspecies.
Reproduction and Growth.—From the small amount
of data available, it appears that there are few, if
any, differences in the temporal aspects of reproduction
in these species. Both appear to have overlapping
periods of mating (late April through July), egg laying
(May through mid-August), and hatching of young (late
July through early September).

U. ornatus emerges

earlier in the year (early February) than does graciosus
(late March or early April), but, the peak of mating
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activity is reached at the same time in both species (midJune). Reproductive cycles of males, based on relative
testicular-size (as determined from the ratio of testis
length/snout-vent length), also show an extremely close
resemblenee between the two species (Table 12), with both
having the lowest ratios in April and September and the
highest in June*
Shortly after mating (less than one week) both
species lay their eggs in shallow nests (2 to h inches
deep), which are dug 22 by the females in loose, sandy
J
soil*23
The eggs of one clutch are, apparently, all laid
in the same nest*

There is no indication that a female

lays her eggs over a widely scattered area as reported
for Holbrookia texana (Johnson, I960). Means of dispersionsof the young seem to be similar to those presented
by Blair (1959) for Sceloporus olivaceus. that is, dispersion is accomplished by a combination of three factors:
(1) the nest is located away from the female's territory,2h

22* The females of these species do not retreat
underground for a period of time prior to egg laying as
reported for many ground dwelling lizards. Instead, they
remain on the trees during the progressive stages or gravidness and leave only to locate and dig the nest and lay
the eggs, after which they Immediately return to the trees*
23* The eggs are usually laid in extremely sandy
soil near the bases of small shrubs or near logs, etc.
It appears that sandy soil is necessary: and it may be
that the distribution of graciosus is, in part limited to
the river bed by the absence of sandy soil on the adjacent hillsides*
2^* Four females, 3 graciosus and 1 ornatusT were
observed to locate the nest 10, 16, and 23, and 17 yefide,
respectively, from their territories (trees).
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Table 12. Testis length/snout-vent length for £. graciosus
and U. ornatus in different seasons

Date

N

Mean

Range

2
3

.056
.059

.055 - .057
.052 - .064-

I

.07^
.081

.065 - .083
.072 - .087

if

.088
.090

.078 - .100
.086 - .096

7
6

.079
.077

.07^ - .089
.065 - .088

5
5

.Cfc6
.039

.038 - .055

April 3
graciosus
ornatus

May Ik
graciosus
ornatus
June 11
graciosus
ornatus
July 19
graciosus

emaiius
September 5
graciosus
0rnatu.s

.03*f -
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(2) the eggs of a single clutch are all laid in one nest,
and (3) the juveniles disperse, in a random fashion'^ from
the nest upon hatching.

There is no evidence that the

adults disappear from the population when the yearIs young
arrive as is reported by Tinkle, et al. (1962) for Uta
stansbur^na,-

it Is true that the adults of these species,

like those of most other iguanids (Cowles and Bogert, 191*1*),
go into a state of winter-torpor a few weeks before the
juveniles do, but both juveniles and adults live side by
side for a considerable period of time*
Incubation for both species appears to require
approximately two months* ^

Since mating and egg laying

continue from May through July, a period of three months,
some of the year's young are frequently collected simultaneously with gravid females*
The frequency of mating (and the consequent gravidness, egg laying, and hatching of young) when plotted on
time give the appearance of a normal distribution*

It is

possible that a female::may lay more than one clutch a year,
as has been reported for several other lizard species,
and/or that two groups of females are laying during one

25* Shaw (1952) reports incubation times of 78
and 62 days under laboratory conditions (BT) for eggs of
2* £. graciosus from Bore go Valley, California*
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year.

However, the lack of any indication of bimodality

in the frequency curve, and the lack of any indicative
data from recaptures, preclude satisfactory, much less
final, statements on these points.
Clutch size is significantly larger in ornatus
(7.6+0.if, range 6-10, n=ll) than in graciosus Of.6+0.*f,
27
range 2-7, n=12),
and, accordingly, the eggs of ornatus
are slightly smaller than those of graciosus.
Few quantative data on growth are available for
ornatust but, field observations indicate that growth rates
of ornatus are similar to those for graclosus. Adult
ornatus generally achieve a slightly shorter and stockier
body size, and juvenile ornatus appear to be slightly
smaller at hatching (17-2^ mm* in s.-v.) than juvenile
graciosus (19-27 mm. in s.-v.).

A more complete analysis

of growth rates of graciosus is given in the next section.

26. Since females reach maturity-size one year
from the time of hatching, it might follow that the females
breeding in the spring represent the two-year-olds, whereas those in the summer the one-year-olds. However, it
seems more likely that females do not breed at all as yearlings, i.e., during the first year after the year of
hatching.
27. Stebbins (195^) reports that the average
clutch size of 8 graclosus was k with a range of 1-6.
28. These samples were taken during the period of
lowest population-density (July, 1963) for both species,
and the difference probably does not reflect changes in
clutch size (for either species) due to density-dependent
factors, if such are operative in this case*
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Food•—Stomach analyses for both species during
the first week of September, 1962, indicate extremely
similar food habits of the sympatric pair. The diets
appear to be almost exclusively of insects (Tables 13 and
l*f), with small tree-dwelling ants comprising the greatest
part. Several small beetles (e•£., Mylabrldae) were also
eaten, but other arthropod items were found only occasionally*
There is an indication that ornatus is eating
a slightly larger species of ant (X=2.86 mm., range 2-7)
than is graciosus (X=2.22 mm., range 2-6). But even
though there may be differences in the diets of these
species at the specific level of the food, it is obvious
that both species are eating the same type of animals,
and that they effect similar roles in the food chains of
their respective habitats within the biotic community*
During summer periods, both species appear to
restrldt their eating activities to areas on trees and
shrubs.

In the spring and fall ornatus forages rather

frequently on the ground near vegetation*

Changes in the Distribution of the Species
Within the Study Area, 1956-1962
During the period of study there has been a progressive change in climatic conditions with the annual
amount of precipitation decreasing considerably*

Subsequent

Table 13* Food items found in the stomachs of adult U. graclosus collected in September, 1962. Numbers after the family name refer to the numbers of individuals and to
the approximate size (mm.) of those individuals (in parens). Question marks refer
to uncertain identity '

Specimen
and sex

Coleoptera

Hymenoptera

1 a

Mylabridae, lOO
Melandryidae, 1(2)

2 6*

Mylabridae ?, 1(2). 2(5) Formlcidae, 25(2). 2(5)
Melandryidae ?, 1(2)
Chalcidoidea, 1(2)

3

*

If

#

5 0*

6

tf

Mylabridae, 2(h)

Formlcidae, 35(2), 3(5)

Other

Microlepldoptera
Gelechlidae, 1(6)
Chelonethida
Dactylochellfer f,
2 GO
Microlepldoptera
Gelechlidae ?, 1(6)

Formlcidae, 30(2)
Sphecidae
Crabronlnae, 2(10)

Mylabridae, l(^)
Tenebrionidae, 1(7)
Mylabridae, 2(*0

Formlcidae, 60(2)
Formlcidae, 125(2), 9(6)
Sphecidae
Crabronlnae ?, 1(7)
Formlcidae, 200(2-3), ^(6)

— -

Microlepldoptera, 1(7)

Table 13*

Specimen
and sex

Coleoptera

(Continued)

Hymenoptera

Other

7 ?

Formlcidae, *f0(2)

Homoptera
Cicadellidae ?, 1(7)

8 *

Formlcidae, 50(2)

Hemlptera
'
Lygaeldae ? (immature
Microlepldoptera, 2(7)

9?

Formlcidae, 200(2)
Chalcidoidea, 3 0 0

10 $

Anthicidae, 1 0 0

Formlcidae, ^5(2), 3(6)

Homoptera
Membracidae, 3(3)

00

Table 1M-. Food items found in the stomachs of adult U. ornatus collected in September, 1962. Numbers after the family name refer to the number of Individuals and to
the approximate size of those individuals (in parens). Question marks refer to
uncertain Identity

Specimen
and sex

1 #

Coleoptera

Hymenoptera

Mylabridae, 5(h)

Chalcidoldea, 1 0 O

Curculionidae, 1(2)
2 $

Mylabridae, 1 0 0

Formlcidae, 50(2)

3 o*

Mylabridae, 5 0 0 , 8(2)
Cleridae (larva), 1(7)

Formlcidae, 20(2)

h o*

Mylabridae, 7 0 0

Formlcidae, 25(2). 5(6)
Cruloroninae ?, 1(7)

5 o*

Mylabridae, 2 0 0

Formlcidae, 11(2), 2(6)

6 #

Mylabridae, 7(h)

Formlcidae, 25(3), K 5 ) ,
1(7) "winged
Chalcidoldea, 1(3)

Other

Hemlptera
lygaeldae ?, 1 0 0 ,
(Immature)

Orthoptera
Acridldae, 1(25)

Hemlptera
lygaeldae ?, *f0O,
(immature)

Table 1M-. (Continued)

Specimen
and sex

Coleoptera

Hymenoptera

7 ?
8?

Mylabridae,

800

Formlcidae, 35(3)

Mylabridae,

Formlcidae, 100(3.5)

9$

Mylabridae,

300
900

10 %•

Other

Formlcidae, 1(7), 1(3)
Formlcidae, 9(2)

Hemlptera
lygaeldae ?, 5(h)
Homoptera
Cicadellidae, h(3)
Diptera
Syrphidae, 3(10)
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to these changes, the density of the mesquite trees and
of the understory shrubs generally decreased and there
was a marked reduction in the area occupied by 2* ornatus.
The reduction of the range of ornatus led to an increase
in the area available to U. graciosus. and, as is shown
in Figure 20, the latter species expanded its range into
the areas vacated by ornatus.
The sections of the study area can be gropped into
two broad categories In reference to the distributions of
the two species:

(1) those areas In which no detectable

change in the frequency of either species has resulted
(Section I), and (2) those areas in which the extent of
the ecological distribution of ornatus has decreased and
that of graclosus has expanded (Sections II-V).

The

latter group, in turn, can be divided into (2a) those
areas in which ornatus became eliminated (Sections IV and
V ) , and (2b) those areas in which the distribution of
ornatus has only become reduced (Sections II and III0*
(1) During the period of study, there has not
been a noticeable change in the frequency of the two species
within the riparian community (Section I).

From 1956 to

1962 this area has been predominated (more than 99/0 by
ornatus. A few individuals of graciosus were present in
widely scattered areas of the habitat and in no place was
there a sizeable breeding population. Changes have occurred in the vegetation of Section I, as in the rest of the
study area, but relative to the total amount of plant
biomass present, these changes can be considered minor*

Fig. 20.
A map of three sections of the study area illustrating the changes
that have occurred in the distributions of U. gracioaus and 2* ornatus during
the period of study (1956-1962). The range of 2* ornatus has decreased considerably and that of 2* graelosua has increased accordingly. In Section IV
(lower center, west bank of the river) U. ornatus has become completely eliminated. In 1956, U* graciosus was absent from Section III (far left center,
west bank of the river) but, in 1962 it Occupied most of this region. Evidently it extended to this area either from Section II or III (broken arrows).
The movements of individuals of U. graelosua in Section II (east bank of the
river) indicate a center of dispersion W) in the southern part of that region.
The map represents an area which is approximately 1.0 mile In length and 0*6
mile in width, but the scale is not uniform, as it was drawn from a diagonal
photograph (Fig. 6 ) . The distances traveled by U. graclosus are given in
Tables 16 and 17o

-!>

/

S3 foothills

1

I river bed
ornatus, 1962
ornatus, 1956 =
graciosus,1962
graciosus,1956-62

Fig. 20
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(2a) In 1956, ornatus was extremely common in
Sections IV and V, but the species was completely absent
from both of these areas In 1962. In Section IV, ornatus
was already restricted to a relatively dense growth near
thefeankof the river channel in 1956, and as this growth
became more

desolate the species was eliminated. A

more drastic change occurred in Section V where in 1956
the area was completely occupied by ornatus. But now, in
1962, graciosus is the only form present. The demise of
the mesquite bosque in this area is illustrated in Figure
2ki
(2b) In Section II, the two species occurred
together

in 1956, however, they were more or less isolated

into two micro-environments. U. graciosus inhabited the
the southern four-fifths of the area which was characterized by small to medium sized mesquite trees that were
well-dispersed and which had little undercover, and ornatus
occupied the northern one-fifth of the area in which the
mesquite trees were generally larger and aggregrated into
a thicket. There were some exceptions, as follows: (1)
in 1956, there were five individuals of ornatus living in
the southern part of the area, and (2) there were two
graciosus living within the northern section.
The distribution of ornatus in the northern onefifth of the area has been reduced by more than half of
the area occupied In 1956, with the animals now living

Fig. 21.
Field movements of recaptured U. graclosus. The spaces
between the vertical broken lines represent a one year period
(October to October) and the shaded parts of these areas indlcate annual periods of inactivity. The solid lines represent records of capture and recovery of individual lizards.
Some of the lines appear to indicate movement within the winter
months, but actually the lizards moved before and/or after
these periods of inactivity. The lower horizontal lines represent the ones that did not move and the length of time they
remained in the sane tree. Each solid line represents either
a single movement or a period of no movement, hence some individuals are plotted more than once. Data in Tables 16 and 17*
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only in the most dense part of the mesquite thicket, and
only one ornatus was found within the southern portions of
of Section II. U. graclosus now occupied a great portion
of the peripheral areas of the mesquite thicket. Since
sampling was more or less concentrated in Section II, these,
data from this area indicate fairly well the amount and
the direction of the dispersion of graciosus into the areas
vacated b^ ornatus« and also movement within its own area.
As is shown in Figure 20 dispersion was primarily
from an area near the lower center of Section II. The
majority of movements (61.3$) were to the northeast from
this center (toward the area vacated by ornatus) and the
next greatest amount was to the southwest of this center
(toward an area in which few graciosus were originally,
present).

It is obvious that graciosus in Section III

was either derived from Section II or IV, but no marked
individuals were collected so the actual route of introduction into area III is not known.
As is shown in Figure 21, graciosus is indeed an
extremely sedentary animal

and movements of post-juvenile

individuals are made apparently only when there is a conflict for a particular territory.
The amount and extent of dispersion is shown in
Figure 21. It is evident that in 1958 and 1959, the
amount of dispersion is of greater magnitude than in I960
and 1961. This probably is a reflection of a reduced
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density near the center of dispersion. The nature of the
data does not permit much evidence as to when most movements occurred.

However, it appears that of the animals

that move, most of them accomplish this iM late summer
(after breeding periods) or early In spring (before breeding
periods).

It is, in most cases, Impossible to determine if

the moves were made before or after winter, but it Is
certainly evident that they are associated in some way
with this season.~
Several individuals maintain the same territory
from one summer to the next, and in two cases the same
territory was kept for three summers.
Section III was occupied by ornatus only in 1956
and 1957, but during the study its range became more
and more restricted there and graclosus moved Into the
area (either from Section II or V).

A quantitative study

in this area has shown a close correlation between the
number of each species present and the amount of the livetree ooverage, as determined by the relative number of
living and dead trees.
The number of living and dead trees and the number
of Individuals of each species were determined annually
(during July) from 1957^through 1961. At the time the
study was begun there were $k living mesquites (h dead mesquites) and 28 ornatus. in this

small four acre plot.
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Fig. 22. Changes In the number of Individuals of JJ. graclosus
and fi. ornatus and In.the percentage
of trees dead within Section III. The
increase in the number of g. graclosus Is inversely related to the number of JJ. ornatus: however, it is
also directly correlated with the
percentage of trees dead. Data In
Table 15.
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Table 15. Number of E. graclosus and £• orr^.tus and the
percentage of trees dead in a four acre study area fox• the
period 1957-1961

Year

No. dead
trees

% trees5

dead

No. U.

No. U.

Rra.c;losus

Total no.
individuals

1957

h

7.h

0

28

1958

6

11.1

0

30

30

1959

Ih

25.9

2

17

19

I960

15

27.8

6

12

18

1961

27

50.0

Ik

11

25

~

28
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U. graciosus was absent from the community.

As a result

of moderate drought29 the number of living trees gradually
decreased.

Consequently, the number of ornatus decreased

and graclosus moved into the community and became the more
predominant of the two species.

In 1961, there were 27

living trees (50%)of original), 11 ornatus. and l*f graciosus
(Fig. 22, Table 15).
It is also of interest that the total population
decreased in size from 1957 to i960 and that it increased
again in 1961. The population fluctuation may indicate
that ornatus, being less able to survive decreased in numbers until a level was reached which permitted the invasion
of graclosusT and after the extablishment of this more
suited species that the number of lizards in the area
accordingly increased again. There is no significant
correlation of total population size with precipitation or
with the percentage of trees dead (P>.6).

29* The mesquite trees died randomly throughout the
study area except for a small area bordering the river5 consequently, the affect was that of decreasing the density of
doverage for the entire area. The trees are thought to have
died from drought because (1) their positions are random
except for along the bank of the river channel, and (2) the
correlation of precipitation with per.cent of trees dead is
-.80 (ps.O^f). The precipitation was measured for the period
of December of the preeeeding year through July of the year
the count was taken. This interval was chosen in consideration of the time during which the trees would be most affected
by the amount of available moisture. Concomitant with the
increasing drought there has been a lowering of the water
table throughout the general area of study.
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Interspecific Competition and Gause*s Rule
Udvardy (1959) points out that no ecological terms
"are more basic, yet more inadequately defined, than the
terms habitat and ecological niche."

Grinnell (1917) first

proposed and defined the term*: "niche" as the place in a
specified association occupied by a single species and
later he refers to the ecological niche as the "ultimate
unit" (192*f) and as the "ultimate distributional unit"
(1928).

Grinnell1s failure to concisely define the term

has led to the idea that he originally used the term as
referring to a specific place or geographical area, but,
Udvardy (1959)* after a thorough study of Grinnell1s works,
points out that Grinnell used the term as "a functional
entity within the biotic community" and as the "ultimate
unit within an association, JL.e., within a biotic community, bu£ not of a spatial nature."
Since the time of the original definition, ecological niche has been defined, and used, differently by
several ecologists.

In general these definitions can be

grouped into two broad categories.

One of these contains

those definitions in which niche is referred to as a
physical place or area (Allee and Schmidt, 1951; Carpenter,
1938; Hesse, Allee, and Schmidt, 1937; Partk, 1931, 19^1;
Pearse, 1926; Woodbury, 1933).

Tbe other group contains

definitions which use niche in reference to a position In
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the energy chain (Andrewartha and Birch, 195^; Clarke, 195^;
Dice, 1952; Dowdeswell, 1959; Elton, 1927, 1950; Lack, 19^9;
Odum, 1953> 1959; Savage, 1958; Udvardy, 1959; and Woodbury, 195*0.

It appears that the definitions in the first

group stem from misintrepretations of Grinnell's original
definition of the term (Udvafldy, 1959) while those in the
second group represent more clearly what Grinnell originally had in mind.
Other workers (notably, Dice, 1952; Savage, 1958)
have stressed the need for an intrepretation of Grinnell^
definition of niche as presented by Udvardy (1959).

Odum

(1953, 1959) has supplied a somewhat more convenient definition by defining niche as "the position or status of an
organism within its community and ecosystem resulting from
the organisms structural adaptation, physiological responses
and specific behavior (inherent and/or learned)," or in
other words, the niche is an animal's "profession."
The habitat of an animal is conveniently defined
as "the place where it lives, or the place where one would
go to find it . . .

• the habitat is the organism's address"

(Odum, 1953, 1959).
"Habitat and ecological niche are related concepts
in different approaches of study, The first is an idioblological abstraction used when considering a species
per se; the second is a product of synecological thinking"
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(Udvardy, 1959).3°
By using the definition of "ecological niche" as
first defined by Grinnell, and "area" as referring to
habitat, then it is quite apparent that Gause1s rule finds
support in the data of the present study.

It is evident

that graclosus and ornatus occupy similar niches but these
are in different spatial micro-environments within the same
general community*

The habitat of graclosus In the study

area is constituted of those areas in which coverage is
relatively low, and that of ornatus is those areas with a
considerable amount of plant dover.

These species are well-

isolated by habitat selection and behavior, and there is little
evidence of direct competition between them—with their distributions bei£g determined by climatic factors.

The decline

in the population of ornatus can be, and indeed, should be,
explained on the basis of primary environmental physical
factors.

If the environment were to remain essentially

constant, the population of the two species would undoubtedly remain in equilibrium since they are not in extensive
competition with each other in their ordinarily different
spatial micro-environments.

30. The term "ecological niche" has also been used
in a sense equivalent to "biotope" or the "habitat niche."
Habitat niche (Allee, et al«, 19^9) and biotope (Udvardy,
1959) refer to the habitat of a biotic community (in refer£&£fl to the biotic community concept) and should not be
confused with habitat proper or with ecological niche*
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The results of this study, then, are in fair
accordance with the statements of Crombie (19^5)• He
states that the three possibilities for the avoidance^ of
competition between two species that simultaneously make
the same or similar demands upon the community are (1)
Each species is more limiting to its own potential in*
crease than to that of the other.

(2) One species

inhibits the potential increase of the other less than
its own, while the other limits the potential increase
of the first more than its own.
the other more than itself.

(3) Each species limits

In the first case both con-

tinue to coexist, while in the second and third one of
the species is eliminated from the area of the other.
Milstead (1957a, 1957b, 1961) states that the
first and third of these cases may be true for spsies of
Cnemidophorus found in the Trans-Pecos region of Texas,
and the present study tends to support the proposition
described in Crombie^ second case; that is, that graclosus
limits the potential Increase of ornatus less than its
own and ornatus limits the potential increase of graciosus
more than its own.
However, in the present case ( and notably in
MilsteadCs work) it is evident that the data do not really
provide a conclusive statement for reptiles in reference
to any theory or hypothesis of competition, that is
(especially in the present study) the data can be made to
fit almost any hypothesis, or (especially in Milstead1s
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studies) any type of data (even inappropriate) can be
used to support any hypothesis.
It is evident, in the study area, that the distribution of ornatus appears to have been more dependent upon
environmental contacts and that of graciosus upon biotic
factors, during the period of study.

In other words, the

distribution of ornatus is limited by the environmental
conditions and that of graciosus

by the presence of ornatus.

So, although the data presented in Figure 23 indicate a
close correlation between the number, of the two spe cie s, it
is easily seen that this relationship is spurious as the
number.* of both species depends upon the amount of coverage (Fig. 22).
As long as an area is favorable to it, ornatus will
occupy that area, and its presence (since it establishes
territories earlier in the year) prevents graclosus from
entering the area.

SUMMABY AND CONCLUSIONS
A comparative study was made of two sympatric species
of iguanid lizards (Urosaurus graclosus and Urosaurus ornas
tus) In an area of central Arizona.

Although these two

species occupied the same general geographical region, they
were found to be isolated into two distinct micro-environmental areas, which differed mainly in respect to coverage
(density of mesquite trees).
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Fig. 23. Relative number of
£. grftclpgua and g. erpatus in Section III during a five year period
(1957-1961). This graph may be compared with Figure 22 in which the
number of U. graclosus and g. orj^us.
are shown to vary directly and inversely, respectively, with the percentage of trees dead. Data In
Table 15.

Fig. 2h.
A photograph of a part of Section V. This region
of the study area Is situated on Indian Chief's Ranch,
1*3 miles southeast of the Gates' residence. Almost all
(80$) of the trees within Section V have died within the
period of study (1956-1962); This area was inhabited exclusively by U. ornatus prior to 1958 when most of the
trees were alive; but in 1961 and 1962, the area was completely dominated by U. graclosus. The photograph was
taken in the summer o? 1961.
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The isolation of the species into separate areas is
related to their thresholds of thermal activity—U. ornatus.
with lower levels of thermal activity, occupied the more
dense (and cooler) areas, whereas U. graclosus« with higher
thermal levels, occupied the less dense (and warmer) areas.
The effective difference of the two micro-environments lies primarily with the difference of the temperatures on the surface of the trees (substratum). During
hot afternoon periods when air temperatures are above
voluntarily tolerable limits for the species, they lower
their body temperatures by pressing the body against the
trunk of the tree (U. graclosus) or by crawling into crevices
under the bark (U. ornatus).

The cooler substrata tempera-

tures in the area occupied by ornatus enable it to maintain cooler body temperatures than it could in the less
dense areas occupied by graclosus.
Several behavioral differences were found which are
also related to the different habitats of the species.
Changing environmental climatic conditions led to
changes in the number of, and the density of, the living
mesquite trees in the area, and hence in the effective
coverage of the study area.

In consequence to these changes

there were subsequent changes in the distribution of the two
forms.

The virtual decimation of ornatus in the study area

appears to have been correlated with the progressively more
arid conditions.
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The data of this study were found to give support
to Gause1s rule. Competition appears to be essentially absent
between the two species as they are apatially isolated into
distinct micro-environments.

Studies of several aspects of

interspecific actions between these two forms leads to the
conclusions that the data available can be used to support any
of the many hypotheses available on this subject. A review of
other studies on reptilian competition are in accordance with
this conclusion.

At the present there is no clear evidence

of any kind of competition, or even the presence of interspecific competition, for any reptilian species.
Part II. Demographic Aspects of the Ecology of
Urosaurus graciosus
INTRODUCTION
As a consequence of changes In the environment and
in the distribution of U. graclosus within the study area,
there have been subsequent changes in the structure of the
population of this species. The following study is concerned
primarily with those changes within the population that are
correlated with population-density.
METHODS
These studies were conducted simultaneously with those
reported in part 1.

The methods have already been described*
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RESULTS AND DISCUSSION
Growth
While no hatchlings were marked and subsequently
recaptured, several first year young were marked and recaptured up to seven times each. These data (Fig. 25, Tables
16 and 17) demonstrate a relatively rapid rate of growth
up to the size of 55 mm.

In fact, the rate of growth is

so rapid that juveniles reach adult size during the summer
following the year of hatching. Upon emergence from the
eggs (July-September) the young are about 25 mm. in length
(21-27)> and near the time they enter winter inactivity
(October) they are roughly 35 mm. in length (33-^2). Three
females of this size-class that were recaptured during the
next summer measured 52, 53? and 53 mm., thus demonstrating
an Increase of about 20 mm. from summer to summer during
the first year of life. Although no marked males of this
hatchling size-class were recaptured, the rates of Increase
of some slightly larger ones indicate a similar Increase
with sizes of 58 mm. being attained in mid-summer. After
this initial rapid Increase, growth rates decrease and
small changes, of about 1 mm. per year, are noted for both
sexes*

Fig. 25
Growth rates of recaptured Urosaurus graclosus. The
areas between the vertical broken lines represent a one
year period (October to October), and the shaded portions
of these areas indicate annual periods of inactivity (October to April). Although growth lines cross the periods of
inactivity, they do not Indicate growth during these times.
The amount of growth indicated in these cases occurred
before and/or after the times of inactivity. All of the
records except five are for males. Data In Tables 16 and
17.
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Table 16. Body measurements and distances traveled for
recaptured female Urosaurus graclosus
No.

Dates

1

7-28-57
9- 1-57
7-28-57
7-29-57
7-29-57
9- 1-58
8-21-57
if-10-58
8-25-57
7-l*f-58
7-25-58

1+6
h5

if-10-58
6-15-58
6- 7-58
6- 9-58
6- 7-58
6-11-58
6- 8-58
7-1^58
7-18-58
7- 2-58
7-25-58
7- 6-58
7-27-58
7-10-58
7-25-58
7-1^-58
7-29-58
9. 9-58

35
50
53
5h
h5
h5

2
3
h
5
6
7
8
9

10
11
12
13

S-V
(mm.)

—
50
51
35
*f0
3h
52
53

52
53
50
53
52
53
52
5^
**9
52
53

Dist. trav.
(yds.)

Days
lapsed

Direction
of movement

0

3*+

0

1

0

399

7.7

202

Stf

18,3
0

223
11

w

0

66

0

2

0

h

—
0

36
if

0

23

0

21

0

15

0
123.3

15
^2

—

—

BE
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Table 16.
S-V
(mm*)

(Continued)

Dist. trav.
(yds.)

No.

Dates

l*t

7-19-58
7-25-58

59
59

0

6

__

15

7-19-58
7*25-58

56

0

6

—_

16

7-2M-58
6 - if-59

50
52

58.3

316

-—

17

7-28-58
9 - 9-58

5k
55

0

k$

—

18

5-29-60
6-11-60

51

0

13

- -

19

6 - 9-60
8-29-60

i+8
51

—

81

—

20

6- 6-61
7- 2-61
6-26-61
6-29-61

57
57

10.7

26

HE

3

——

22

6-29-61
0- 6-61

hS

23

7- 2-61
7-3-61

2>+

9-29-61
lf-26-62

21

51
51

0

Days
lapsed

Direction
of movement

6.0

69

E

53
53

2.7

1

—

i+6
52

0

239
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Sable 17* Body measurements and distances traveled for
recaptured male Urosaurus graclosus

No.

Dates

S-Y

(mm.)
1

7-29-57
2

?- 5-57
68-58
7-1^-58
?- 9-58
h- 2-59
2

3

h

h- 7-58
6- 6-58
6- 8-58
6-15-58
6-17-58
7-19-58
h- 9-58
6- 7-58
6-11-58
6-13-58
7-28-58
6- 6-58
9-10-58
k- 2-59

6 - 8-60
6 - 6-61

5
6

7
8

6- 7-58
7-19-58
6- 7-58
7- 6-58
9- 7-58

Dist. trav.
(yds.)

Days
lapsed

Direction
of movement

53
55
56
58

23.3
22.3

27
188

58

0

236

—

0
0
0
0
0

60
2

—
—

7

—
—

60

3.3
5.7

50
52
52

I
1+8

0
0
0

5h

5h
56
57
51

61

59
59

—

16
20

35
57

SW
NE
W
N£

2
32

—

5

—

l

2

—
—

h5

—

95

BE
HE
HE
W

232
1+32

60

31.7
6.7

^9
53
50

0

1+2

—

$1

0
0

29

. .

63

—

58
5h

6- 7-58
6- 8-58
6- 9-58

56
56

7- 2-58
7-25-58

5h
56

363

-_

1

~

—

•1

—

—

23

—
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Table 17*

No.

Dates

669k-

7-58
8-58
7-58
5-59

S-V
(mm.)

(Continued)

Dist. trav*
(7ds.)

55

Days
lapsed

1

i

2*+3

10

6 - 8-58
7-10-58

57

32

11

6 - 9-58t
6-11+-58
7 - 6-58

56
55
56

5
32

12

6 - 9-58
7-IO-58

53
55

o

31

13

6 - 9-58
k- 5-59

5$
58

o

300

1^+

6-18-58
7-29-58

k9
55

6-18-58

k9
53
53

3.7

58
59
60
60
61

53
56
56
58
59
59

1+0.3
26.7
0
0
5.0

kg

58

50
52

3-7

8

15

8 - 1-58
16

17
18

7
" §
7-28.
>+- 2<
6-118-29<
7- 37 - 27-10-

7 • 2-58
7 10-58
7< 25-58

19

7- • 6-58
7- 18-58

20

7-10-58
7-10-58

1+1

5k
58
58
59
5^
55

Direction
of movement

kl
1
26
2k8
30§

o

8
15

0

12

o

0

0

NE

NE
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Sable 17. (Continued)

No.

21

Dates

S-V
(mm.)

Dist. trav.
(yds.)

Days
lapsed

Direction
of movement

17

—

7-10-58
7~27~5S

58
59

7-1^-58
7-27-58

56

36.0

13

E

7-19-58
9-12-60
6 - 6-61
7- 3-61
7- *+-6l

58
59
60
60
60

10.7
0
31.3
0

75k
297
31
1

E
E

7-19-58
9 - 9-58

61
62

52

- .

25

7-19-58
8- 1-58

55
56

12

-..

26

7-25-58
7-28-58

5h
55

0

3

—.

27

7-25-58
^ - 2-59

58

0

250

—

28

7-25-58
k- 2-59
9 - 1-60
9-11-60

62
60
62
62

0
280.0
0

250
521
10

NE

29

7-27-58
k- 2-59
k- 2-59

56
55
56

¥+.0
0

2^8
0

NE

30

7-27-58
^+-17-60
6-11-60

55
56
57

2
3.7

659
55

NE
Stf

7-30-58
9-11-60

60
61

wmw*

762

--

9 - 7-58
9- 9-58

35
37

0

2

22
23

2^

31
32

0

0
--
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Sable 17*

Ho.

33

Dates

9- 7
6 - 3 58
6- 9 60

3**

9- 9
6- 3

35

*+- 2

36

37

38

58
59

59
5 - 3 1 59
6 - 3. 59
i+- 2- 59
^- 5- 59
5-31- 59
1+-18-60
6 - 8-61
6-29-61
7- 3-61
8 - 1-61
*+-l8-60
6 - 9-60

S-V
(mm.)

59
59
56
56

(Continued)

Dist. trav.
(yds.)

20.0

Days
lapsed

261
371

Direction
of movement

sw

259

J+8

58

60

i+8
1+9

53

56
56
56
56

106.7
11.0
0
0

11.0
10.0
0
0

%

HE
HE

3
56
31^
21
k
28

58
59

0

52

0

20

HE

39

5-29-60
6-18-61

5h

1+0

5 29-60
6- 1 8 - 6 1
7- 3 - 6 1

60
61

0
10.0

20
15

HE

6 - 9-60
9 - ^-60

58
58

37-7

87

BE

6 - 1 1 60
9 - 1- 60

*g
58

**3

9 - 1" 60
9-H- 60

hk

9 - *+-60
6-26-61

hi
^+2

0

82

38

0

10

58
58

0

295

35

11»+
Table 17*

No.

k5

Dates

9-12-60
6 - 8-61

S-Y
(mme)

(Continued)

Dist. trav.
(yds.)

Days
lapsed

Direction
of movement

5k

0

269

—

6 - 6-61
6-18-61
6-28-61

12
10

—

58

0
0

6 - 6-61
6-29-61

%

0

23

mmmm

6 - 6-61
6-25-61

%

10.7

19

HE

6- 6-61
6-25-61
6-29-61
6-29-61

k5
i+8
h7
k7

2.0
0
0

'I

NE

6-18-61
6-29-61

I5k2

—

51

6-29-61
7- 3-61

57
57

0

52

7 - 9-61
7-13-61

60

P

0

1+6

k7
kQ
k9

50

0

'

9

E

5

——

k

—
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Longevity
On the basis of growth rates and recapture data,
9 males were definitely known to be two years of age and
5 were three years of age. In addition k others are
thought to be four years of age at least, and one of these
possibly five. Two males were collected early (spring) in
1958 at which time they were 51 and 53 mm. In length. When
they were recaptured for the last time during the early
summer of 1961 (May*June) they- measured 59 and 58 mm. ,
respectively. Since both of them obviously hatched during
the summer of 1957, they were four years of age when last
seen in 1961. Another similar individual measured 58 mm0
in the sum&er of 1958, and 60 mm. upon recapture during the
summer of 1961. This one probably hatched in 1956 and thus
was also four years of age©
A male measuring 61 mm. in the summoy of 1958 and
62 mm. in the fall of 1966 probably represents the oldest
individual recaptured, and was at least four years of age,
and may have been five or more years old.
Six females were definitely known to be at least
two years old, and one of these was possibly three* These
data suggest a possible difference in longevity between
males and females. This hypothesis is supported by the
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frequency at which males and females were recaptured. As
shown in Table 18, 38.1 per cent of the narked sales were
recaptured as compared to 23.0 per cent of the marked
females*

This difference is mostly dependent upon the

difference between the sexes. The frequency at which males
were recaptured the second and subsequent times (2-6) Is
18.1 per cent, which is little different from the frequency of 20.0 per cent for the first recapture. Females
were recaptured the second and subsequent times (2-3f) with
a frequency of only ^+.0 per cent;

this is far less than

the frequency of 19oO per cent for the females recaptured
for the first time©
These differences between the sexes are shown to
be statistically significant by use of a paired chi-square
test. When the frequency of the first recapture is compared
with subsequent ones in both sexes there is no significant
difference (X^=1.68, P=0.20) between the sexes in reference
to the frequency of the first recapture, but there is a
highly significant one

(A=17.21,

P=0.005) when subsequent

recaptures are considered.
The regression line of males on times recaptured
diverges markedly and significantly (£=0.05) from that of
females (Fig. 26, Table 19).

The possibility that the

difference In the frequencies of recapture Is due to
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Table 18. Number and frequency of recaptures for male
and female £. graclosus
.

Capture
and
Recovery
No. marked

Males
No.

Females
%

No.

*

126

260

Total
No.

%

386

No. times
recaptured
0

161

61.9

97

77.0

258

66.8

1

52

20.0

2*+

19.0

76

19-7

2

22

8.5

k

3.2

26

3

10

3.8

1

0.8

11

6.7
2.8

k

7

2.7

0

0.0

7

1.9

5

5

1.9

0

0.0

5

6

3

1.2

0

0.0

3

1.3
0.8

Total

99

38.1

29

23.0

128

33.2

NUMBER

2
3
OF T I M E S

4 5 6 7 8
RECAPTURED

Fig. 26. Regressions of the
number of males and females on the
number of times recaptured. The slope
of these lines are significantly different at the 5 per cent level. Data
in Table 19.
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Table 19* Regression of the numbers of males and females on
the number of times recaptured
Sex

N

£

P

Regression equation

Males

6

-.996

«£.01

logY = log57 + 1.56 logX

Females

3

-.997

.05

logY = log25 + 2.86 logX
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differences in the. behavior of the sexes is unlikely, because
males and females yielded similar frequencies (20.0 and 19.0$,
respectively) for the first recapture.

The null hypothesis

is, therefore, rejected and it is concluded that, in this
population, males lived longer than females during the period
of investigation (1956-1962).

Sex Ratio
Sex ratios are discussed below in terms of density,
but it is fitting to discuss here the general aspects of
this ratio in terms of longevity and in terms of the ratios
of other reptilian species.
Since males of U. graciosus live longer than females,
it would logically be expected, assuming similar selection
forces and similar rates of growth for both sexes, that the
population would consist of more males than females. This
is certainly the case.

Of *+6l individuals collected, 305

(66.2$) were males and 156 (33.8$) were females (Table 20),
giving a sex ratio of 2.32 males to 1.00 females (Table
27).

This difference is apparently not dependent upon a

difference in the sex ratio at hatching (Fig. 27, Table 20).
It is of interest, however, that the percentage of
males rapidly increases in size-classes above 50 mm. in
snout-vent length, and it is this fact that throws some
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Fig. 27. Number of males and
females in size-classes of five millimeter intervals. Data in Table 20*
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Table 20. Number of males and females in size-classes of
five millimeter intervals

Sizeclass

Males

Females

Total

% Males

31

10

12

22

31-35

7

7

Ik

k5.5
50.0

36-ifO

lif

13

27

51.9

ki-k5

11

7

18

61.1

1*6-50

39

If2

81

if8.1

51-55

Sb

6^

158

56-60

127

21

ikS

59.5
85.6

60

11

0

11

100.0

Total

305

156

**6l

66.2
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doubt upon the real existence of a difference in the ratio
of males to females, since this is the approximate size
at which the Individuals mature and sexual differences in
behavior become evidente
At maturity males begin to defend territories and
consequently are much more obvious, not only to other
lizards, but also to the observer. Since the females do
not go through similar displays, it follows that they
would be captured less frequently than males; however, it
appears that if this were the case there would also be a
difference between the frequency at which females and males
were recaptured for the first time, as well as subsequent
times. Since this was shown not to have occurred, it is
thought that this difference is dependent upon the shorter
life spans and smaller sizes of the females, and that the
sex ratio does not reflect collecting techniques to any
great extent•
The unbalanced sex ratio In this population does
not represent an anomaly among reptilian species. Since
the early works of Hildeferand (1929, 1932, 1933) and Risley
(1933) la which the sex ratios of two species of turtles
were shown to favor females, several other reptilian species
have been demonstrated to have sex ratios that vary considerably from a 1:1 ratio»
Forbes (19*4-0) reported a preponderance of females
among American alligators, and recent papers on sex ratios
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of turtles (Cagle, 1950; Carr, 1952; Legler, 1951*-, I960;
Tinkle, 1958, 1961; Woodbury and Eardy, 1 9 W indicate that
a ratio favoring females may be the rule rather than the
exception among these reptiles.
Of the few sex ratios reported for snakes and lizards,
most indicate an unbalanced ratio. Klauber (1936) demonstrated that among several species of Crotalus. most ratios
favor males; and Julian (1951) has shown the same type of
ratio for one species of Mastlcophis.
Saurian sex ratios show that females are significantly favored in eleven forms^ and males in six.^2 2h
four species neither sex is thought or shown to be preponderant.^
31. Sc^JUaacaeaa .ollvaceus. Blair (I960); Sceloporus
Qccidenltelig, Fitch ( 1 9 W ; gBlggaa £&££!&&£, Fitch (195*0;
Cnemldophorns £gsj£tu£, Cnemldophorus £§££&!, Cnemldophorus
exsaneuls. Cnemjd.ophpru^ jjerplexus.. Maslin (1962); Cnemldophorus tessellatnsT Maslin (1962), Mlnton (1959), Tinkle
(1959); Lacerta saxicola armenlaca, Lacerta saxfrcpAa 3a&l£,
Lacerta saxicola rostombeteowlT Deverskii (1958).
32» Sceloporus occldentalisT Fitch (19^0); Urosaurus
graclosus; Cnemldophorus tlerls marmoratus. Tinkle (1959,
based on a sample of 62 males and 38 females); Lacerta sax^.coi& ^efJJispJL, I&sgrta, saxlctila terentjevl, -Lacerta. saxAeo^a.
PQJta^bJ^gfrA, Deverskii (1958).
33• Anolls limlfronsT Sexton, Heatwole, and Meseth
(1963); Sceloporus merrlaml merrlami. Chaney (195*0; Sceloppru£ undujatus un^ulatus, Crenshaw (1955); 2t& stansburlana
ste.1negeri. Tinkle (1961b).
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Of the eleven forms of lizards with ratios favoring
females, eight (five teiids and three agamids) have been
claimed to be uniparental (Duellmsn and Zwelfel, 1962; Maslin,
1962; and Deverskii, 1958) and three (agamids) have been
shown, rather conclusively, to be parthenogenlc (Deverskii)
1958).
It is interesting that most of the reports of sex
ratios in the literature show an unbalanced ratio among
species of reptiles. This Is, in part probably, a result
of workers having considered the "abnormal" ratios more worthy
of mention; however, it is easily seen that unbalanced sex
ratios are far from uncommon©
Few general trends can be seen among the sex ratios
of various groups of reptilesj in fact, it has been shown
that among conspecific forms, males may be slightly predominant in some and completely lacking in others (Deverskii,
1958).
3h accordance with the data presented for graclosusf
Julian (4.95D, Heyrend (1951), and Klauber (1936) have shown
that males of several species of Crotalus and one species
of Mastlcophls live longer (and attain greater sizes)than
females and hence make up a greater portion of the population; and Tinkle (1962) has shown that males and females of
Uta stansburlana reach the same size and age and are equally
balanced in the population. It would, however, not be
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fitting at this time to make any generalization from these
data as Blair (I960) found that although females of Sceloporus olivaceus lived longer, attained a larger size, and
were more common than males, they also grew at faster rates
in all size classese
Sex ratios appear to be related to social structure,
and the species in which females are favored are generally
polygamous, whereas those with equal ratios or those favoring
males tend to be monogamous. It is difficult to determine
the proper relationship of these events, but it seems that
the social structure depends upon the sex ratio and it may
vary accordingly within the species.
Reptilian sex ratios have been shown to vary with
the season, mostly as a result of the relative female
activity. For example, female ornate box turtles (Fitch,
1958) and female desert iguanas (Norris, 1953) are extremely
scarce duri ng the middle of the summer while they are
laying eggs.
It is is regard to these seasonal changes that
several authors have emphasized that reptilian sex ratios
may certainly be biased by collecting techniques. This
statement is also made in respect to the more noticeable
pattern of behavior of the male and, as will be pointed out
later, there are also changes related to population-density.
Jn spite of these complications, most- of the unbalanced
ratios that have been reported appear to represent true
differences*

Fig, 28
Seasonal changes in the numbers of individuals in size-classes of five millimeter intervals. The hatching of young begins in the-period
June-July, reaches its peak in July-August, and
subsides in August-September. Growth of the
individuals can be followed in several instances*
In particular it is of interest (1) that the
animals in the size-class 60 increase in number
throughout the year but disappear over winter,
and (2) that many juveniles are near adult size
in the spring following hatching* Data in Table
21.
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Table 21. Number of individuals in various size-classes
during different seasonal periods

SizeClass

Seasonal period

AprilJune

JuneJuly

JulyAugust

AugustSeptember

k

0

Ik
h

7

0

2

18

ki-k5

9

3

0

6

1+6-50

37

31

8

7

51-55

^3

65

31

28

56-60

h5

if8

HO

25

60

0

3

3

5

1W*

153

102

100

31

0

3

31-35

3

36-1*0

Total

7
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Table 22. Percentage of Individuals in various sizeclasses during different seasonal periods

Seasonal period
Sizeclass
AprilJune

JuneJuly

JulyAugust

AugustSeptember

31

0.0

2.0

13-7

i+.O

31-35

2.1

0.0

3-9

7.0

36-M)

*+.9

0.0

2.0

18*0

kl-k5

6.2-

2.0

0.0

6.0

1+6-50

25.7

20.3

7.8

7.0

51-55

29.8

1+2.5

30.H-

28.0

56-60

31.2

31. k

39.2

25.0

60

0.0

2.0

2.9

5.0
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Little is known of the sex ratios at hatching
for most reptilian species, but it appears that it is equal
in the species that have ratios which do not vary considerably from 1:1.

Since some of the ratios do seem to stem

from a genetic basis, it would indeed be interesting to
determine the mechanisms involved.

Oguma (1937a, 1937b)

and Makino and Asans (19^8) have claimed that females of
three species of agamids and of one species of turtle had
one less chromosome than the males; however, White (195k)
states that Magot and Matthey claim these results were
based on erroneous counts. As White points out, "no really
reliable information exist as to which sex is heterogametlc
in any species of reptile.n
It is quite possible that several types of sex
determination are operating among the various reptilian
species.

This should not seem unusual for the group of

animals that gave rise to the birds on one hand and to the
mammals on the other•

Seasonal Composition of the Population
Grouped data from the six years of study show a
seasonal sequence of population-composition according to the
number and percentage of individuals in various age-size
groups (Fig. 28, Tables 21 and 22).
During early summer (June-July) when the population
is at Its lowest level In terms of size, the distribution of
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the individuals (grouped into 5 mm* Intervals) closely
approximates a normal curve, with the size-class at the
mode (k2»5%) being 51-55 ™ u

Cta. either side of the mode

are the next largest groups, *+6-50 (20.3#) and 56-60 (31.U#)
mm.

There are a few individuals (2.0#) near the maximum

size for the individuals of this population, and the rest
0+.0#) fall into two widely separated groups—one in the
l

+l-l+5 mm. range (2.0JO and the other in that for

31 mm.

The latter of these represents the first young of the
year.
The relative number of individuals in the sizeclasses are seen to change considerably from early to
mid-summer.

In mid-summer, it is evident that the entire

population has increased in size and a general shift of
individuals is seen toward the size groups to the right
(larger).

The largest class is now 56-60 mm., and the

1+1-1+5 mm. group is not represented.

The *+6-50 mm. and

the 51-55 mm. size-classes have decreased in size.

In

addition, individuals of the small group ( 30 mm.) have
now moved into the 36-*+0 mm. range and several new hatchlings have been added to the

31 mm and the 31-35 mm.

groupso
In August-September all of the size groups are
represented by relatively large numbers of individuals,
with the majority being centered around the 36-*+0 mm. and
51-55 Mm. groups. The addition of more young is evidenced,
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as is the drifting of the July-August juveniles into the
36-1+0 mm. range.

Several Individuals are now found in the

60 mm. size-class. A slight amount of shift, due to some
growth during early fall, probably continues until the
entire population assumes a state of winter inactivity which
is initiated sometime in late September or early October;
this time of retirement varies by several days, from year
to year.
In the following spring, most of the Individuals
of the population are rather evenly distributed among the
*+6-50, 51-55> and 56-60 mm. size groups with a relatively
low number in the kl*h59

36-*+0, and 31-35 mm. groups. The

two extreme groups are not represented.

The striking lack

of the largest adults indicates, perhaps, that this entire
group was lost over winter or suffered heavy predation
upon first spring emergence. From spring to early summer
the shift to the right continues until a normal distribution
is once again assumed.
These data clearly demonstrate that a large portion
of the population of graciosus during any given year is
comprised of several two-year-old individuals.

The data

are in accordance with records of capture and recovery for
this species, but they are not in agreement with the statements made by Tinkle, McGregor, and Dana (1962) in regards
to another small southwestern iguanid, Uta stansburlana*
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These authors state that Individuals of Uta mate and die
during the year following hatching and consequently there
is virtually a complete annual turnover of the population*
A close examination of their recapture records Indicate,
however, that this statement may not be warranted.
They report that all (n*>38) of the adults of the
study area were marked by July 1*+, I960, and that collection during June of 1961 failed to turn up any of these
marked individuals.

In view of their small study area

(2.07 acres) and the small number of individuals involved,
as well as the length of time between observations (3*+l
days), these data are not really surprising*

It may be

instructive to make a theoretical comparison for the
similarly sedentary and small sized U. graciosus (reaching
roughly 60 mm. In snout-vent length as does Uta stansburlana) on the basis of such a period between marking and
recapture (3*+l days) and for such a small number of marked
individuals (38). Using the actual frequency of recapture
for Individuals of U.. graciosus in the present study
(within a much larger area), the number of the 38 individuals that would be expected to be recaptured after 3*+l
days is 0.*+, which perhaps needless to say is not significantly different from the 0*0 which is reported for Uta
Sl?aT1!?^T>lfH1fi under those conditions*

i60
S

w

56

I
|s2h

I

4

LU
"J 4 8 UJ 4 4
>
I

K 401O
CO

36 -

I

I green-throated
orange-throated

Fig. 29. Throat coloration and
snout-vent lengths for three groups of recaptured individuals: (1) those which were
both originally and subsequently greenthroated, (2) those which were originally
green-throated but subsequently orangethroated, and (3) those which were both
originally and subsequently orange-throated*
Data in Table 2k 0

Table 23* Snout-vent lengths and coloration of the throats
for recaptured males

No.

Dates

1

6- 8-58
7-1M--58
?- 9-58
k- 2-59
i+- 7-58
6- 6-58
6- 8-58
6-15-58
6-17-58
7-19-58

2

3

k

5
6

7
8
9
10

6- 7-58
6-11-58
6-13-58
7-28-58
9-10-58
*+- 2-59
7- 6-58
9- 7-58
6- 7-58
6- 8-58
?- 7-58
k- 5-59

S-V (mm.)

Throat color

5

£
§1
?!
58

yellow-green
green
yellow-green
yellow-green-orange

50
52

orange
orange
orange
orange
orange
orange

——
—
%

2*

6-l*+-58
7- 6-58

55

6- 9-58
7-10-58

56

55

yellow
yellow
yellow
green-orange
orange
orange
yellow
orange
yellow-green.
yellow-green
yellow-green-orange
yellow-orange
orange
yellow-orange
orange
yellow-green
green

6- 9-58
i+- 5-59

58

5$

yellow-green
yellow

6-18-58
7-29-58

**9

yellow
green

*l
56

57
61
59
53
58

55
51

If
58
56

56

55

\
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Table 23.

(Continued)

No.

Dates

S-V (mm.)

11

6-18-58
7-31-58
8- 1-58

k9
53
53

yellow-green
yellow
yellow

12

7-28-58
k- 2-59
6-11-60
8-29-60
7- 3-61

56

green
yellow-green-orange
green-orange
green-yellow-orange
green-yellow-orange

58
59
59

Throat color

13

7-10-58
7-25-58

55

yellow
orange

Ik

6- 9-58
6-H+-58
7- 6-58

56

55

orange
yellow-orange
orange

15

7- 6-58
9- 7-58

51

58

yellow
orange

16

7-10-58
7-27-58

58
59

green-orange
orange

17

7-ll+-58
7-27-58

56

yellow
yellow

18

9-12-60
7- 3-61

59
60

green-yellow-orange
green-yellow-orange

19

7-25-58
7-28-58

5k
55

green
green

20

7-25-58
k- 2-59

5<k
58

orange
orange

21

7-25-58
i+- 2-59
9- 1-60
9-11-60

62
60
62
62

yellow-orange
orange
orange-red
orange

58

56
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Table 23-

No.

Dates

22

, 7-27-58
J+- 2-59
k- 2-59

(Continued)

S-V (mm.)
56

-

Throat color

55'

56

green
green
green

23

7-27-58
^+-17-60
6-11-60

. 56

55
57

green
yellow-green
green-yellow

2k

7-30-58
9-11-60

60
61

yellow
green-yellow-orange

25

9- 7-5§
9- 9-58

35
37

yellow
yellow

26

6- 3-59
6- 9-60

59
59

orange
orange

27

1+- 2-58
5-31-58
6- 3-59

k8

green
orange
orange

28

*+- 2-59

k8

k- 5-59
29

30

1+-18-60
6- 8-61
6-29-61

7- 3-61
8- 1-61
1+-18-60
6- 9-60

31

6- 9-60
9- *+-60

32

6-11-60
9- 1-60

58
60
^9

yellow-orange
yellow-orange

56
56
56
56

yellow
orange
orange
orange
orange

58
59

green-yellow
green

1+8

53

orange
orange

58

green
green

i+9

Table 2 3 .

(Continued)

Dates

33

9- 1-60
9-11-60

35
38

green-yellow
green

9- *+-60
9-26-61

58

green-yellow-orange
green-orange

35

9-12-60
6- 8-61

5^

green
green-grey

36

6- 6-61
6-18-61
6-28-61

58

orange
orange
orange

5- 6-61
6-29-61

ft

orange
orange

6- 6-61
6-25-61

$

yellow-green
yellow-orange

3k

37
38

S-V (mm.)

Throat color

No.

6- 6-61
6-25-61
6-29-61
6-29-61

kQ

k7
k7

orange
orange
orange
orange

1+0

6-18-61
6-29-61

5J
5k

green
yellow-green

hi

6-29-61
7- 3-61

57
57

yellow-green
yellow-green

k2

7- 9-61
7-13-61

60

59

green-yellow
green

39

k5
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Table 2*+. Snout-vent lengths of recaptured males in three
groups of throat color, (1) both marked and recaptured males
having green throats, (2) marked individuals with green
throats but recaptures with orange ones, and (3) both marked
and recaptured males having orange throats

Change in throat color
Measurement
Group 1
Group 2
Group 3
(green-green) (green-orange) (orange-orange
Number

17

10

15

52.7±1.6

51+.6±1.1

57.910.5

5l+.*++l.l+

57.8±0.*+

58.5+0.5

35 - 59

1+8-60

56 - 62

37 - 60

56 - 61

56 - 62

92.3±37.5

168.7+68.2

273*2+66.8

7 - 650

15 - 360

17 - 783

Snout-vent
length (mm.)
Mean
Capture
Recovery
Range
Capture
Recovery
Days lapsed
Mean
Range

l*+0
Table 25. Comparison of snout-vent lengths within and between
three groups of throat color, (1) both marked and recaptured
males having green throats, (2) marked individuals with green
throats but recaptures with orange ones, and (3) both marked
and recaptured males having orange throats

Comparison

N

t

P

Green
Group 1 (capture) X Group 1 (recovery)

3*+ 0.80 .kO

Group 1 (recovery) X Group 2 (capture)

27

0.07 >»99

20

2.79

-01

Group 2 (recovery) X Group 3 (capture)

25

0.06

>»99

Group 3 (capture) X Group 3 (recovery)

30

0.97

«31

Green-orange
Group 2 (capture) X Group 2 (recovery)
Orange

1*+1
Ontogenetic Changes in Throat Coloration of Males
In the population of Urosaurus graclosus within the
study area, coloration of the throat patches of males varies
individually from a uniform green or yellow (or a mosaic
of yellow-green, green-orange, or green-yellow-orange) to
a uniform orange* A comparison of snout-vent lengths of
122 individuals with either green, yellow, or green-yellow
throats with 119 individuals with orange, green-orange, or
green-yellow-orange throats reveals that males lacking
orange on the gular area are of a significantly (tp^+.O, P*
•001) smaller size.than those having orange (52*5*0.6 and
55»k+£>»h mm., respectively)*
Recapture data on kh males (Pig. 29, Tables 23 and
2k") can be grouped into three categories in reference to
throat coloration:

(1) 17 Individuals in which the pattern

remained green and/or yellow, (2) 16) individuals in which
the pattern changed from a yellow, green, or yellow-green
mosiac to one of these plus orange, or to a uniform orange,
and (3) 15 Individuals in which orange was retained in
the pattern*
Changes in snout-vent lengths are noted within each
of these groups: In group 1, the mean snout-vent increased
from 52.7+3-*6 to 5k.k±L.h

mm. (Ps.^O), in group 2, from

l*+2
51+.6+l.l to 57«8+p.l+ mm. (P=.01), and in group 3, from
57.9+Q.5 to 58.5+0.5 mm* (P=.31).

There is not a signifd-

icant difference (P=.99) between the snout-vent lengths of
the recaptured males with green throats of group 1 and the
snout-vent lengths of those captured in group 2; nor, is
there a significant difference (P».99) between the males
with orange throats in group 2 and those captured in group ,
3 (Table 2*+).

In general there is a gradual increase in

the mean and maximum snout-vent lengths (with a gradual
decrease in minimum snout-vent lengths) as orange becomes
present on the throat region.
The time lapse between capture and recovery varies
somewhat between the three groups. The mean time lapse in
group 1 was 92.5*37*5 days; in group 2 it was

168*$!J68.2

days; and In group 3 it was 273*2+66.8 days (Table

2k).

There is no significant (P^.3) difference between groups
1 and 2, and 2 and 3; there Is a significant difference
(P=.03) between groups 1 and 3.

It is of interest that

group gidid not show any more of a difference in growth
than did group 1, even though the time lapse in group 3 was
approximately three times longer.
A histogram of the relative numbers of males with
orange throats in the male population In 1958 (based on
161 observed males in an estimated population of *+08 males)
indicates that the greater abundance of orange-throated
males is found to increase, apparently in curvilinear fashion

l*+3
with an increase In body size*

The change in throat

coloration appears to be associated with maturity and to
be an ontogenetic function.

A comparison of sexual

maturity (as indicated by relative testicular activity
determined by the ratio of testis length/snout-vent length)
between the two groups indicates a slight difference, with
the orange-throated males having proportionately larger
testese
There is no difference between the relative amount
of change in the testis size during different seasons for
orange- and green-throated individuals.

This is not sur-

prising, however, since Fox (1958) has demonstrated that
Immature males of Anolis carolinensis show the same
seasonal changes as those experienced by mature ones*
The ratio of orange- to green-throated males tends
to vary with the season.

In spring (April-May) there is

a greater preponderance of orange-throated ones (56.6#)
and in late summer (August-September) a greater number of
green-throated ones (56.0J&).

In summer (June-July) the

numbers are almost equal 0+9*7$ with orange and 50*3$ with
green).
The greater number of green-throated males In
late summer than in spring probably reflects the hatching
of young individuals during this period, whereas, the
greater number of orange-throated ones in spring may reflect

l¥+
the attainment of maturity for males hatched during the
summer of the preceeding year along with a higher mortality
rate of greenathroated Individuals over the winter**
Males with orange throats are aggressive towards
each other but not towards those with green and/or yellow
throats.

In several instances one or more (usually no

more than two) green-throated individuals were found living
in the same tree (territory) as orange-throated males, but
in no case were two males with orange throats found living
within the same territory©

Size and Density of the Population
Total population-size was estimated for an area
of forty acres in Section II during mid-summer (July) periods
of 1958, I960, and 1961 by use of the Lincoln Index (Table
26).

The estimated population-size was 58*+ in 1958, *+73 in

I960, and 275 in 1961. The general decrease in the size
of the population over the four year period is attributed
mostly to emigration of graciosus from this forty acre plot
3*+. It is probably true that many of the largest
(over 60 mm.) males (predominately orange-throated) are
lost over winter periods (Fig. 28;; but, it also stands to
reason that the winter period Is probably the most critical
season for individuals of all age-size groups, and the
younger (less than k5 mm.) males (predominately green-throated)
would be-expected to show a greater percentage of loss, than
would older groups. Since younger males comprise a greater
part (27%) of the male population than do the extremely large
ones (6JS), the overall effect is that of a greater reduction
in the number of green-throated (younger) individuals than
of orange-throated (older) ones*

ih5
Table 26. Estimation of the numbers of individuals within a
forty acre plot in 1958, I960, and 1961

Year

M
S
(No. marked
(No. in sample
on June *+-9) on July 7-12)

R
P
(No. recaptured (Estimated
in sample on Ju- population
ly 7-12)
size)

1958

109

75

Ik

581+

I960

6k

5

^73

1961

55

37
60

12

275

l*+6
into adjoining areas. This expansion is closely related
with a simultaneous attrition of the ornatus population.
Although the total number of graciosus has probably
not changed appreciably within the total study area, the
relative density of this species, within certain sections
of the area, has changed considerably.

For example, if in

the forty acre plot of Section II, density is taken as
100.0 per cent in 1958, relative values of density are
81.0 per cent and *+7*l per cent in I960 and 1961, respectively (Table 27).

Population-density and Sex Ratio
Coincidental with a reduction In both the size
and density of the population within a forty acre plot in
Section II is a remarkable change in the sex ratio (Fig*
30, Table 27). 3n 1958 (density=100*0#) there were *+08
males and 176 females, whereas, In I960 (density=8l.0#)
and in 1961 (density=i+70l#) there were 315 and 158 males,
and 158 and 117 females, respectively*

These changes

represent a decrease of the male population by 6l<>3/per
cent and a decrease of the females by only 33*6 per dent*
The sex ratio changed correspondingly from 2*32:1.00 (males
to females) in 1958 to 1.35:1.00 in 1961.
As will be pointed out later, this change in the
relative frequency of males to females is related to a

00
-J

400

<

| H males
I I females

> 300

O 200
CD

100
275
473
584
TOTAL NUMBER Of I N D I V I D U A L S
Fig. 30* Number of males
and females in the population during
different levels of population-§ize.
The sex ratio was 1*35*1.00 (males to
females) when the population was
small and 2.32:1.00 when it was large.
Data in Table 27o

li+8
Table 27* Total number and percentage of males and females
within a forty acre plot in 1958, I960, and 1961

Year

Total
number

Relative
density

No.
males

%
males

No.
females

Sex
ratio

(%)

1958

58*+

100.0

1+08

70.0

176

2.32:1.00

1960

1+73

81.0

315

66.6

158

2.00:1.00

1961

275

^7.1

158

57.3

117

1.35:1.00

1^+9
change in the relative numbers of green- and orange-throated
males in the population and both of these are functions which
are dependent upon population-density.

Population-density and Throat Coloration
From 1958 to 1961 several changes have occurred
within the population in relation to the ontogenetic function of throat coloration.

(1) The difference between the

means of snout-vent lengths of animals with and without
orange on the gular area (Tables 28 and 29) changed from
a highly significant one to an equally highly non-significant one.

(2) The relative frequency of orange-throated

males in the total population increased from 39.0 per cent
in 1958 to 57.8 per cent In 1961 (Fig. 32, Table 3 D .
(3) The frequency of orange-throated males in the various
size groups of the population increased from 1958 to 1961
and the curvilinear relationship that was present in 1958
was completely lost as more and more males were found in
the smaller size-classes (Fig* 31, Table 30).

Density-dependent functions
In view of the changes in the sex ratio and in the
function of the ontogenetic changes of gular coloration
concomitaaib with the change in population-density, it seems
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Table 28. Snout-vent lengths (mm.) of males with green and
orange throats in 1958, I960, and 1961

Year and
throat color

Mean

Range

N

1958
green
orange
I960
grc
green
orange

52.1+1.0
56.7*0.8

27-60
37-62

53
3*

52.*++1.6
55.H+0.8

35-60
*+2-62

27
29

1961
green
orange

52.3+1.5
5^.3+0.8

25-60
*+2-6l

29
37
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Table 29* Comparison of snout-vent lengths of males with
green and orange throats in 1958, I960, and 1961

Comparison

N

1958 orange X 1958 green

87

3.6

.001

1960 orange X i960 green

56

1.6

.10

1961 orange X 1961 green

66

1.2

.25

1958 orange X i960 orange

1.1

.25

1958 orange X 1961 orange

63
61

2.1

.05

I960 orange X 1961 orange

66

0.9

•35

1958 green X I960 green

80

0.2

.85

1958 green X 1961 green

82

0.1

•95

I960 green X 1961 green

56

0.05

.99

o
UJ

<80

I960
population = 473

1958
population = 584

1961
population - 275

or
H
i
UJ

e>

60
40

CC 2 0
O
a*-

< 4 2 45

50 55 60

<42 45 50 55 6 0

MEAN OF S I Z E - C L A S S

<42 45 5 0 5 5
(MM.)

Fig. 31. Percentage of orange-throated male Urosaurus graelosua In size-classes of five millimeter intervals for three different
years (1958, I960, and 1961). The general relative increase of individuals with orange throats in all size-classes is related to the density of the population. Data in Table 30.
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Table 30. Number and percentage of green- and orange-throated
males in various size-classes in 1958, I960, and 1961

Orange

Green

Total

1
2
3

15
16
12

16
18
15

6.3
11.1
20.0

1958
I960
1961

0
3

12

12

5

Ik

10

i-Z
15

0*0
17.6
33-3

1*8-52
1958
I960
1961

k

12
8
7

16
18
16

25.0
55.6
56.3

Size-class
and year

% Orange

k2
1958
I960
1961

k3-k7

10
9
•

53-57
1958
I960
1961

16
15
21

38
10
18

5k
25

39

29.6
60.0
53.8

58-62
1958
I960
1961

k7
35

k7

9>*

50.0
53.8
69.^

50

30
22

65
72

240 •
c/> 2 2 0
-I

I I green-throated
| H orange -throated

5 200
5 180
z I60h
u- 140
O
tr 120
£ 100
80
60

47.1
81.0
100.0
% RELATIVE DENSITY

Fig. 32. Changes in the
number of green- and orange-throated
males in the population* The change
in the relative abundance of individuals with orange throats is related
to the density of the population* .
Data in Table 31 <»
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Table 31. Number and percentage of green and orange-throated males in 1958, I960,
and 1961

Year

Populationsize

Relative
density

Total no.
males

No. with
orange
throats

No. with
green
throats

% With
orange
throats

(%)

1958

58k

100.0

1*08

159

2*f9

39-0

I960

h73

81.0

315

16i*

151

52.1

1961

275

1+7.1

158

92

66

58.2

Ml
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apparent that some type of homeostatic mechanism is
operating within this population for the control of intraspecific competition and/or the intrinsic-rate of increase.
The number of orange-throated males within the
population closely approximates the number of available
territories (trees) within the area, as does the number of
females.

This is not the case with the number of green-

throated^ males, as these lizards share habitats with each
other and with the dominant male and female. The change
of gular coloration does not occur unless a male is able
to establish a territory.

Since the number of available

locations for territories is fixed within a given area,
the number of mature males is also fixed.

It is conceiv-

able, then, that under extremely high densities that some
males may never be able to establish a territory, and
hence they neither attain effective maturity nor contribute
their genes to the gene pool.
This interaction of the number of territories and
the number of mature individuals as indicated by the study
of ontogenetic changes in throat coloration led to the
hypothesis that, within the population, certain mechanisms
are operating to prevent direct regulation of the reproductive potential by the number of males. This mechanism
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is thought to operate through a sequence of two responses:
The first is a behavioral response to the social pressures
(density) of not being able to attain a territory, and the
second is a subsequent physiological reaction which inhibits the animal from becoming mature (and hence from
acquiring an orange throat).
The mechanism of the physiological (second) response
may be as simple as the suppression of gonadotropins by
a build-up of adrenocorticotropins.

Such a mechanism was

found operating in male mice by Christian (1955).

He

showed that crowding of these males produced behavioral
changes that led to increases in adrenal weight, which were
directly proportional to the density of the population*
Other symptoms of stress, or of the General Adaptation
Syndrome (Selye) were also noted*
The hypothesis derived herein is in general agreement with similar ones presented for birds (Hinde, 1956;
Lact, 1956) and mammals (Calhoun, 1952; Christian, 1955,
1956, 19595 Clark, 1955; Kalela, 1957; King, 1957j Snyder,
1962) and with the general concepts of density-dependent
regulatory mechanisms (Chitty, 19575 Hairson, Smith, and
Slobodkin, I960; Haldane, 19535 1956; Hinde, 1962; Lack,
19^9, 1956; Nicholson, 1933, 1935, 1951*, 1957; Nicholson and
Baily, 1935; Solomon, 1958; and Tinbergen, 19^8).

Studies

on the effects of hormones upon behavior (Evans, 1935) and
upon coloration (Bdgren, 1959; Reynolds, 19^3) for reptilian
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species are also in agreement with this idea as well as are
studies involved with the significance of territories to
lizards (Noble, 1931*; Noble and Bradley, 1933).
It is easily recognized that if such a mechanism
were not operative, the number of mature males would continue to increase, and there would be a tremendous amount
of competition between them for territories.

Consequently,

since all of the males of mature size would be involved in
these conflicts, there would be a subsequent lowering of
the hatch ("birth") ra.te. Since females live for shorter
lengths of time, such a decrease In the hatch rate would
naturally decrease the number of females in the population
to a greater extent than it would males.

As the rate

became lower and lower, the population would become comprised of more and more mature males and fewer and fewer
females.
The hypothetical socio-physiological mechanism
also allows an increase in the number of males, but it
should be noted that most of these are of little importance
to the population and that the number of mature males,
dependent upon the number of available territories, remains
relatively constant as does the number of females*
When new areas adjacent to the study plot became
available, graciosus moved into them.
animals were males with green-throats.

Most of these
Consequently, the
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number of males in the central portion of the study area
decreased and the sex ratio became more evenly balanced.
Since most of the individuals that entered the new areas
were males, it is interesting that there was also an actual
decrease in their numbers because of the greater effect of
the selective forces operative in these' unfamiliar areas*
It is interesting further to speculate that during times
of greater effectiveness of selection forces, that the
surplus of males may actually be of significant importance
to the population.
SUMMARY AND CONCLUSIONS
Field studies were conducted to determine aspects
of growth, sex ratios, and the general population-structure
of Urosaurus graclosus. Records of 5*+3 individuals are
included in this study.
A notable seasonal change occurred in the numbers
of individuals within various size-classes. Although
hatchlings reach mature sizes within a period of one year,
complete population turnover probably occurs every four
or five years, with females living for shorter periods than
males*
A marked reduction in the size of the population
and its'relative density was noted within a forty acre
study plot over a four year period and was attributed to
emigration of the animals into adjoining areas.
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Sex ratios varied within this area from 2*32:1*00
(males to females) in 1958 to 1*35*1.00 in 1961*

The sex

ratio was found to be balanced among juveniles and the differences were attributed to the shorter life span of the
females*
The various colors present on the gular areas of
males have been shown to reflect an ontogenetic function
with the green- and/or yellow-throated juveniles acquiring
orange with an increase in size and age.

The size and/or

age at which this change occurs depends upon the density of
the population.

At high densities males undergo this change

at larger size and greater age than at lower densities*
It is possible that some males may never reach sexual
maturity even though they may live for three or four years*
Change in sex ratio and the age at which sexual
maturity is reached are thought to be density-dependent*
The hypothetical mechanism for these density-dependent functions states that a behavioral response to social structure'
(and density) triggers a physiological mechanism that
regulates the attainment of sexual maturity*

Accordingly

under high densities, a surplus of submissive (immature)
males accumulates within the population without the deleterious effects of increasing intraspeciflc competition
for territories*

During the times of greater effectiveness

of selection forces, the number of males

decreases at a
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faster rate than that of females, and the surplus of
immature males may actually be of significant benefit to
the population while extending its range*

Part III*

Thermoregulation in Urosaurus graclosus

INTRODUCTION
The relative abundance of Urosaurus graciosus In
the s*udy area provided an opportunity to study some of
the aspects of thermoregulation of this species in more
detail than Is given in part 1*

Particular emphasis has

been placed upon the differences in body temperatures
during various seasonal and daily periods and upon some
of the physiological implications of behavioral thermoregulation*
METHODS
The methods, definitionss and abbreviations used
in this study are the same as those described for the
temperature studies of part 1*
For the purpose of comparing seasonal differences,
the annual period of activity has been more or less
arbitarily divided into five seasonal periods: April 2 to
April 18 (spring); May 27 to June 11 (early summer); June
13 to July 10 (mid-summer, before the onset of summer
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rains); July 13 to August 1 (mid-summer, during the summer
rainy season); August 26 to September Ik (late summer, after
the rainy season). Since temperatures were found to differ
little, or not at all, between the periods June 13 to July
10 and July 13 to August 1, these periods occasionally have
been grouped for the sake of increasing sample sizes*

RESULTS AND DISCUSSION

Diurnal and Seasonal Variation in Body Temperatures
Body, substrata, and air temperatures of £• graclosus
were found to vary considerably in different seasons and
within the diurnal periods of the seasons.
In April (Fig. 33, Tables 32, 33, and 3*0 both
basking and active lizards have body temperatures that are
considerably higher than those of the air and substrata.
Active lizards have a higher BT than both morning and
afternoon basking ones; but this higher thermal level does
not reflect a greater degree of insolation, as both air
and substrata temperatures are also higher during these
periods* There does, however, appear to be a greater
degree of insolation during morning basking periods than
in those of the afternoon; BT is higher in the morning than
in the afternoon, but there Is no difference between ST
and AT of these two periods*
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substratum

•

air
bt (not active)
sbt (active)
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I0-I2AM

I2-3PM
T I M E OF DAY

3-5PM

Fig. 33.. Substrata, body, and air
temperatures of Urosaurus graclosus during
periods of basking (morning and afternoon;
and activity in April. Data in Table 32.
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Table 32. Substrata, body, and air temperatures for
basking (morning and afternoon) and active (SBT) Urosaurus
graclosus in Spring (April 2-l8)

Period and measurement

N

Mean

Range

Morning basking
ST
BT
AT

6
6
6

30.78+0.62
35-28±1.01
28.92+0.27

28.5 - 32.8
31.^ - 38.7
27.6 - 31.2

ST
SBT
AT

11
11
11

33.86±0.8*f
37.^0.38
31.3^0.79

30.0 - 38.2
35.8 - 39.^
27.8 - 36.5

11'
11
11

30.80+0.53
33.6l±0.50
29.55+0.^2

28.8 - 33.k
31.5 - 37.8
27.k - 32.2

Activity

Afternoon basking
ST
BT
AT

165
Table 33. Comparison of basking (morning and afternoon)
and active temperatures of substrata, body, and air for
D. gracjosus in spring

Comparison

N

Selected body temperature
Morning basking X Activity

17

2.90

.01

Morning basking X Afternoon basking

17

1.26

.25

Activity X Afternoon basking

22

2.00

.07

Morning basking X Activity

17

2.95

.01

Morning basking X Afternoon basking

17

0.03

•9

Activity X Afternoon basking

22

3-09

.01

Morning basking X Activity

17

2.89

.01

Morning basking X Afternoon basking

17

1.27

.2

Activity X Afternoon basking

22

2.7k

.02

Substratum temperature

Air temperature
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Table 3k. Comparison of substrata, body, and air temperatures
during basking (morning and afternoon) and activity periods in
spring

Period and measurement

N

Morning basking
BT X ST
BT X AT
ST X AT

12
12
12

3.81
6.09
• 2.75

.

.01
.001
.02

Activity
SBT X ST
SBT X AT
ST X AT

22
22
22

3.88
6.96
2.17

.05

22
22
22

3.86
6.21
1.85

.001
.001
.07

.001
.001

Afternoon basking
BT X ST
BT X AT
ST X AT
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In June-August (Fig. 3**-, Tables 35, 36, 37, 38,
and 39)the daily activity of the lizards is divided into
a morning and afternoon period separated by an inactive
period, siesta*

Body temperatures of all periods, unlike

those In April, are little different from environmental
ones, in fact they were found to be significantly higher
than both ST and AT in only one period (morning activity)*
Evidence of insolation is found during both the morning
basking and the morning activity period, but body temperatures of lizards in afternoon activity and basking periods
are not significantly different from either AT or ST*
Afternoon basking temperatures are higher than those in
the morning and are associated with a higher ST and AT*
It is of special interest that in this mid-summer
seasonal period the BT is significantly lower than AT and
non-significantly;different from ST during hot afternoon
hours (siesta).

Lizards in the activity period which

follows siesta have a lower BT than those in the one that
precedes it*
In August-September (Fig* 35, Tables kQ, kly
k2)

and

the thermal relations of the species are similar to

those of June-August, but there is again, as in April, only
one activity period and body temperatures of lizards in
this daily period are higher than those of substratum and
air*
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^ | substratum

45

•

air

44

£53 bt (not active)
H I sbt (active)

43
42

o
o
UJ

41

<r
^ 40
<

uj 3 9
a.
.2
LJ 3 8
l37
36
35
34
33
_L

7-9AM

9AM-2PM

2-4PM

4-6PM

6-7PM

T I M E OF DAY
F i g . 3k. S u b s t r a t a , body, and a i r
temperatures for periods of basking (morning and
a f t e r n o o n ) , a c t i v i t y (morning and a f t e r n o o n ; , and
s i e s t a i n June-August. Data In Table 3 5 .
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2
UJ

»- 3 3
32
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•

air

E53 bt (not active)
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28
27

8-IOAM

I0AM-5PM
T I M E OF DAY

5-7PM

Fig* 35» Substrata, body, and air
temperatures for periods of basking (morning
and afternoon) and activity in August-September. Data in Table M ) .
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Table 35* Substrata, body, andjftir temperatures during
basking (morning and afternoon), active (morning and
afternoon), and siesta periods in mid-summer (June 13August 1)

Period and measurement

N

Mean

Range

Morning basking
ST
BT
AT

12
12
12

36.25+0.51
37.^3+0.31
35.17±0.53

33.3 - 3 9 A
35-6 - 38.6
3 3 . 1 - 38.9

ST
SBT
AT

2k
2k
2k

39.17±0.28
ko.00+0.18
39.15±0.39

36.6 - kl.5
38.3 - kl.5
35.2 - M-2.6

ST
BT
AT

16

kQ.20±Q.kk

16
16

^1.03+0.36
^3.38*0.51

37.0 - M-3.5
39.0 - ^3.9
If1.1 - U6.0

Ik
mIk

38.82+0.5^
39.07+0.28
38.01+0.60

3^-3 - ^2.1
37.7 - *n.o
32.9 - ^ . 6

12
12
12

37.80+0.30
38.25+0.29
37.60+0.26

35.8 - 3 9 . 1
36.3 - 39.8
35.7 - 39.0

Morning activity

Supraoptical

Afternoon activity
ST
SBT
AT
Afternoon basking
ST
BT
AT
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Table 36• Comparison of basking (morning and afternoon),
active (morning and afternoon), and siesta substrata
temperatures in mid-summer

Comparison

N

Morning basking X Morning activity

36

6.07

.001

Morning basking X Siesta

18

11.17

.001

Morning basking X Afternoon activity

26

3-55

.001

Morning basking X Afternoon basking

2k

if.ll

.001

Morning activity X Siesta

ko

6.59

.001

Morning activity X Afternoon activity

38

1.59

.15

Morning activity X Afternoon basking

36

3.31

.01

Siesta X Afternoon activity

30

6.82

.001

Siesta X Afternoon basking

28

10.10

.001

Afternoon activity- X Afternoon basking

26

O.63

*55
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Table 37. Comparison of basking (morning and afternoon),
active (morning and afternoon), and siesta body temperatures In mid-summer

Comparison

N

Morning basking X Morning activity

36

1.62

.10

Morning basking X Siesta

18

5.86

.001

Morning basking X Afternoon activity

26

3.»»6

.01

Morning basking X Afternoon basking

2k

2.62

.01

Morning activity X Siesta

ko

1.97

.05

Morning activity X Afternoon activity

38

0.58

.60

Morning activity X Afternoon basking

36

3.31*

.01

Siesta X Afternoon activity

30

1.98

.05

Siesta X Afternoon basking

28

»f. 5 1

.001

Afternoon activity X Afternoon basking

26

1.65

.10
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Table 38. Comparison of basking (morning and afternoon),
active (morning and afternoon), and siesta air temperatures in mid-summer

Comparison

N

Morning basking X Morning activity

36

7.18

.001

Morning basking X Siesta

18

7-58

.001

Morning basking X Afternoon activity

26

3.92

.001

Morning basking X Afternoon basking

2k

1.93

.05

Morning activity X Siesta

IfO

2.56

.015

Morning activity X Afternoon activity

38

2.80

.01

Morning activity X Afternoon basking -

36

5.12

.001

Siesta X Afternoon activity

30

J+.36

.001

Siesta X Afternoon basking

28

6.02

.001

Afternoon activity X Afternoon basking

26

2.03

.05

iA
Table 39. Comparison of substrata, body, and air temperatures
during basking (morning and afternoon), activity (morning and
afternoon) and siesta periods in mid-summer

Period and measurement
Morning
BT X
BT X
ST X

ba
ST
AT
AT

N

2k
2k

1.98
3.68

.05
.01

2k

l.k7

.15

kQ
i+8
*f8

2.50
I.98
0.0**

.02
.05
.90

32
32
32

1.U6
3.76
M-.72

.15
.001
.001

28
28
28

OAl
1.60
1.00

.70
.10
.30

2k
2*f
2*f

1.08
1.67
0.50

.30
.10
.60

Morning activity
SBT X ST
SBT X AT
ST X AT
Siesta
BT X ST,
BT X AT
ST X AT
Afternoon activity
SBT X ST
BT X AT
ST X AT
Afternoon .basking
BT X ST
BT X AT
ST X AT
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lable *f0. Substrata, body, and air temperatures for basking
(morning and afternoon) and active periods in late summer
(August 26-September In-)
Period and measurement

N

I ^ M ^ H M B M » « M M H M M * H I * > M n M * ^ ^ * V M M N M H * B * _ M ^ i B . V

M H B M * a M * * d i a « * M a M I ^ H K M ^ B H ^

H

Mean

Range

Morning basking
ST
BT
AT

20
20
20

36*56±0.60
37-32±0.53
35.6*f±0.60

28.1 - lfl.0
29.8 - *f0.2
27*7 - 39.2

ST.
SBT
AT
Afternoon basking

19
19
19

38.9**±0*35
*f0.22±0.20
38*76*0*39

36.6 - »fl*5
38.1 - *fl.5
3^.8 - *fl*7

ST
BT
AT

12
12
12

37.17*0*70
38*73*0.^7
37.33*0*53.

3 1 . 0 - ifO.O
35.9 - ^ A
3^.6 - *f0.2

Activity
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Table ^1. Comparison of basking (morning and afternoon) and
active temperatures of substrata, body, and air in late
summer

Comparison

N

Selected body temperature
Morning basking X Activity

39

5.13

.001

Morning basking X Afternoon basking

32

1.99

.05

Activity X Afternoon basking

31

2.92

.01

Morning basking X Activity

39

3.^2

.01

Morning basking X Afternoon basking

32

0.66

.50

Activity X Afternoon basking

31

2.26

.03

Morning basking X Activity

39

lf.36

.001

Morning basking X Afternoon basking

32

2.11

.<*

Activity X Afternoon basking

31

2.18

.03

Substratum temperature

Air temperature
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Table k2. Comparison of substrata, body, and air temperatures
during basking (morning and afternoon) and activity periods
in late summer
Period and measurement

N

Morning basking
BT X ST
BT X AT
ST X AT

IfO
kO
*f0

0.95
2.10
1.08

.35
.05
.30

38
38
38

3.lf0
3-33
0.3H-

.01
.01
.70

2k
2*f
2*f

1.85
1.98
0.18

.07
.05
.85

Activity
SBT X ST
SBT X AT
ST X AT

Afternoon basking
BT X ST
BT X AT
ST X AT
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Table 4-3. Substrata, selected body, and air temperatures
in spring (April 2-19), early summer (May 28-June 11),
mid-summer (June 13-July 10 and July 13-August 1) and late
summer (August 26-September 14-)

Season and measurement

M

Mean

Range

ST
SBT
AT

11
11
11

33.86+0.8437.^0.38
31.34+0.79

30.0 - 38.2
35.8 - 3 9 A
27.8 - 36.5

ST
SBT
AT

19
19
19

37.73*0.4-1
38.54+0.22
37.38+0.70

33.9 - 39.8
36.1 - 39-3
32.0 - 4-1.8

ST
SBT
AT

19
19
19

39.05+O.5439.4-7*0.26
39.00+0.4-8

34-.9 - kh.k
37.7 - kl.5
36.6 - 4-2.6

ST
SBT
AT

25
25

25

38.4-7+0.31
39.68+0.18
38.65+0.37

35.1 - 4-1.2
38.3 - 4-1.9
35.2 - 4-3.4-

ST
SBT
AT

19
19
19

38.9^-0.35
40.22+0.20
38.76+0.39

36.6 - 4-1.5
38.1 - 4-1.5
34-.8 - 4-1.7

April

May-June

Jura-July

July-August

August-September
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Table kk.
Comparison of spring, early summer, mid-summer,
and late summer substrata temperatures

Comparison

N

i

p

April X May-June

30

4-.l*f

.001

April X June-July

30

5.19

.001

April X July-August

36

5.18

.001

April X August-September

30

5.58

.001

May-June X June-July

38

1-95

.05

May-June X July-August

Mf

1.4-5

.3

May-June X August-September

38

2.25

.03

June-July X July-August

Mf

0.93

.3

June-July X August-September

38

0.17

.9

July-August X August-September

>f4-

1.00

.3
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Table 4-5. Comparison of spring, early summer, mid-summer,
and late summer selected body temperatures

Comparison

N

£

P

April X May-June

30

5.75

.001

April X June-July

30

8.29

.001

April X July-August

36

8.39

.001

April X August-September

30

Q.kl

.001

May-June X June-July

38

1.91

.05

May-June X July-August

if4-

1.60

.1

May-June X August-September

38

1.72

.1

June-July X July-August

Mf

0.58

.5

June-July X August-September

38

0.39

July-August X August-September

44-

0.20

.7
.8

Table 4-6. Comparison of spring
late summer air temperatures

Comparison

early summer, mid-summer, and

ff

t

P

April X May-June

30

2.50

.02

April X June-July

30

4-4-3

.001

April X July-August

36

5.33

.001

April X August-September

30

6.54-

.001

May-June X June-July

38

2.72

.01

May-June X July-August

kk

1.27

.2

May-June X August-September

38

1.79

.07

June-July X July-August

kk

0.66

.5

June-July X August-September

38

2.27

.03

July-August X August-September

kk

2.00

.05
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Methods of Regulation
Thermal Over-compensation. —Evidence of thermal
over-compensation is seen by comparing body temperatures
of lizards in morning and afternoon basking periods of
April (spring) and by comparing those of morning and afternoon activity periods of June-August (mid-summer).
In April, morning basking body temperatures are
higher than those of the afternoon, yet there is no corresponding difference in either the ST or AT. Similarly,
in June-August, animals of the same acclimation state are
active at lower body temperatures in the late afternoon
than in the morning.

These differences are thought to

represent cases of over-compensation, with the higher body
temperatures of the morning basking period in April being
the result of over-compensation to the cool night temperatures of this seasonal period, whereas in June-August, the
lower body temperatures of the post-siesta activity period
represent over-compensation to the high afternoon temperatures encountered by the lizards during the siesta period*
Thermal Acclimation.—In addition to the diurnal
adjustments of thermal levels, studies of basking and
selected body temperatures reveal a gradual increase in
the temperatures of these responses throughout the annual
period of activity, and it appears that while compensation
is operative in the short diurnal periods, acclimation is
operative in long term seasonal periods (^acclimatization).

Although large samples were collected from
representative periods of the day and a seasonal difference is noted among basking temperatures, such a seasonal
comparison of basking temperatures is difficult to
justify; for it is difficult to determine with precision
the stage of basking for any individual. Accordingly,
one sample could contain many animals that had just
begun to bask and another one might contain many Individuals that had more nearly completed basking. Basking
temperatures are not as independent of environmental
temperatures as are those of activity, and consequently
it is difficult to make valid comparisons of them.
Since basking temperatures cannot be even well-"
compared among themselves, it stands to reason that they
should not be included in the samples of other types of
seasonal comparisons. In most reptilian studies, no
attention is paid to the great amount of variation among,
and the lack of precision in making, measurements of
basking temperatures. Such studies are usually based
on all body temperatures recorded, without respect to
diurnal periods. The invalidity of using such techniques
in comparative studies is obvious for two reasons:
(1) If in comparing body temperatures of two seasons,
those of one were taken in the activity period, and
those of the other were taken during storms and/or

18k
morning basking periods there would be more than likely,
little or no difference between these "seasonal" samples.
For. example, if in this study temperatures of active
lizards in April were compared with those of morning
basking individuals in June-August, there would be no
seasonal difference exhibited.

(2)

It is shown in this

study that even though large samples were collected
within each season and that these were well-distributed
among daily periods, that there is still a considerable
difference between using all temperatures and using only
temperatures of the clearly active lizards.

This is

illustrated by comparing the three commonly used methods
of analysis.

These methods consisted of (1) plotting the

number of all individuals on all temperatures, as a histogram, and taking the mode as the preferred temperature,
(2) determining the preferred body temperature merely by
taking the mean of all temperatures recorded, and (3) by
determining the SBT, the mean of the activity range only.
When regressions of body temperatures on season
as determined from these methods are compared (Figs. 37
and 38, Tables 4-8, 4-9, and 50), it is clearly seen that
environmental temperatures have biased the comparison.
By using the mode of the histogram, the range for the SBT in
the annual period of - activity of these lizards is 6.0, with the
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Fig. 36. Histograms of all records
of body temperatures (active and Inactive)
in different seasons. The low temperatures
in many cases are those of animals that were
collected during summer rain storms (R).
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Fig* 38
Regressions and correlations of
body temperature and season as determined
by three methods of analysiss (1) mode
of all temperatures (active and inactive)
(2) mean of all temperatures (active and
inactive), and (3) mean of the activity
range (SBT). Data in Tables *f3> k79 k9f
and Figure 36*
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Table 4-7. Means of all body temperatures recorded in
spring, early summer, mid-summer, and late summer
Season

N

Mean

Range

April

32

35.20*0.4-0

31.4- - 39.8

May-June

57

36.81+0.26

32.1 - 4-0.4-

June-July

93

38.30+0.37

24-.3 - 4-3.2

110

38.4-0+0.28

29.1 - 4-2,3

80

39.12+0.25

29.8 - 4-2.9

July-August
August-September
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Table 4-8. Comparison of the mean temperature of lizards in
the activity range (SBT) with the mean temperature of all
individuals (BT)

Season
April
May-June
June-July
July-August
August-September

i

P

^3
76
110

4-. 27

.001

5.09

.001

2.60

.01

135
99

3.8k

.001

3.28

.01

N
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Table 4-9* Regression of body temperature on season as determined by three groups of data, (l) the means of temperatures
of individuals in the activity range, (2) the means of temperatures of all lizards (active and inactive), and (3) the modes
of the temperatures of all individuals

Method

N

&

b.

X.

£

Mean of
activity range

5

34-.24-

0.0198

+0.927

.02

Mean of all
temperatures

5

31.01

0.0277

+0.810

.10

Mode of all
temperatures

5

27.00

0.04-38

+O.898

.05
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Table 50. Comparison of three methods of determining the
slope (b.) of the regression of body temperature on season

Method

t

N

P

Mean of activity range X
Mean of all temperatures

1.17

10

0.30

Mean of activity range X
Mode of all temperatures

4-.39

10

0.01

Mode of all temperatures X
Mean of all temperatures

2.63

10

0.05

arithmetic mean it is 3*92, and with the SBT it is
2.9°C
It appears that the most valid measurement of
seasonal changes in body temperatures as determined in
the field is by using only those temperatures of animals
that are known to be within the normal range of activity.
By using this method, then, It can be stated that acclimation of SBT has occurred progressively throughout the
season to the extent of 2.9°C.^'?
Measurements of gape response in the field
reveal, as did SBT, seasonal changes, with April measurements being 1.96°C lower than those of late summer.

The

amount of change is less than that for the SBT as would
be expected since this response is more closely
genetically-controlled (Lowe, unpublished data; Tremor,
1962).
A direct relationship of the temperature of gape
response and that of selected body temperature is shown
in Figure 40 and Table 52. Needless to say such a
relationship cannot be shown for basking animals.

In view

of this lack of correlation, it only stands to further

35» It appears that fall (late September)
selected body temperatures are not different from those
of late summer. For a discussion of this situation see
part 1.
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point out that temperatures of basking cannot be used for
comparisons as they do not represent a more or less
precisely determined response as do selected body
temperatures•
Behavioral Thermoregulation.—In addition to the
seasonal changes in the gape response, it is also noted
that there are highly significant differences within the
same seasonal period. These differences could represent
either (1) acclimation within an extremely short period
of time, or (2) phenotypic variation within the population,
with different phenotypes being active on different days.
It is thought that the data of this study tend to support
the second of these possibilities. This hypothesis is
supported by the fact that June 30 gape responses were
*f3.87±0.13 with a range of 4-3.5 to 4^.4-, and just 5 days
later, the response was 4-2.87+0.17 with an almost nonoverlapping range of 4-2.2 to 4-3.6. These differences
are related to differences in air temperatures of the
study area. During the week prior to the first determination the mean maximum air temperature was 110°F and
during the 5 days prior to the second determination it:
was- 102°F. During the 10 days following the second
determination of gape (July 4—July 14-) air temperatures
were intermediate to both of the previous two periods
(105°F) and so were the temperatures of gape response

194(4-3.11+0.21).

It is of special interest, however, that

the range of this period for gape is almost exactly twice
that of either earlier period.

That is, this range includes

the ranges of both previous periods (4-2.0-44-.3).
A similar situation is also found in late summer.
On August 26, gape response was 4-4-. 02+0.12°C after a week
during which the mean saximum air temperature was 109°F;
whereas, on September 2 and 6 (with a mean maximum air
temperature of 104-°F) the responses were at somewhat lower
temperatures (44.13+0.18 and 4-3.4-5±0.30°C). After these
determinations air temperatures dropped and from September 6 to September 10 the mean maximum was 98°F. Accordingly the gape response was also at a lower temperature
(4-3 • 5P+P • 21) on September 10 than the mean of the previous
three periods. Here again, the smallest range was recorded
on either hot or cool days and the greatest range on those
days of intermediate temperatures.
It is thought that these data warrant the hypothesis
that different phenotypes of the population are active
on different days, and that on days of average air temperatures, the entire population is active, but on relatively
hot or cool days, the upper or lower half of the population
is active.
Other types of behavioral thermoregulation are
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Table 51* Temperatures of gape responses in different times
of the annual period of activity

Season and date

N

Mean

Range

Spring
April 25, 1961

7

"+1.8if±0.20

4-1.3 - 4-2.8

Early summer
June 30, 1961

6

4-3.87+0.13

^3.5 - kk.k

7

4-2.87+0.17

4-2.2 - 4-3.6

11

4-3.11±0.21

4-2.0 - HJ+.3

6

kk.02±0.12

4-3.6 - ^ . 3

September 2, 1962

7

*W-.13±0.28

4-3.0

September 6, 1962

6

4-3.4-5+0.30

4-3.0

September 10, 1962

6

4-3-50+0.21

July 4-, 1961
Mid-summer
July 14-, 1961
Late summer
August 26, 1962

- kh.8

- kh.5
4-2.8 - kk.2
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Table 52. Selected body and gape response temperatures of
individuals collected in mid-summer

No.

SBT

Gape

No.

SBT

Gape

1

36.6

4-1.0

13

40.0

^3.3

2

36.8

4-1.9

14

40.1

43.6

3

38.3

4-2.2

15

40.2

44.1

k

38.4

k2.k

16

40.4

^3.7

5

38.4

^3.1

17

40.4

44.4

6

38.7

4-3.6

18

40.5

43.6

7

38.8

42.9

19

40.7

44.8

8

39.3

*e.i

20

40.9

43.1

9

39.^

43.2

21

41.0

^3.9

10

39.6

42.0

22

41.1

44.2

11

40.0

42.4

23

41.1

44.2

12

40.0

43.0
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evident under various environmental temperatures. For
the greater part of the year, the days are divided into
three distinct periods, morning basking, activity, and
afternoon basking. The greatest effect of thermoregulation
is noted generally in the morning basking periods of
spring and late summer. Generally, in afternoon basking
periods the animals' temperature is less elevated above
environmental temperatures than in the morning.

In

these two seasons activity temperatures are significantly
above environmental temperatures and, hence, throughout
the period of activity, animals are interspersed between
sun and shade in their attempt to maintain a fairly
uniform temperature. The mid-summer shows several
differences from spring and fall. The day is now further
divided so that there are two activity periods which
are separated by another period (siesta) of extremely
high mid-afternoon temperatures during which the animals
attempt to lower their body temperatures below those of
the air.
The body temperature was found to approximate
substratum temperatures more than air temperatures in
almost all daily periods and seasons. The animals depend
somewhat upon substratum temperatures to raise their body
above air temperatures. The substratum temperature is
decisively critical when air temperatures surpass tolerable

AM

PM
TIME

OF

DAY

Fig. 4l. Histograms of the number
of active 2. graclosus during different times
of day in April, June-August, and AugustSeptember. The bimodallty of the distribution in June-August is correlated with high
(supraoptlmal) air temperatures in afternoon
periods.

limits.

Under these conditions the lizards lower their

body temperature below that of the air by pressing the
body against the cooler substratum.

This method is

functional in aiding the animals to avoid gaping and
higher thermal responses even on the hottest afternoons
of mid-summer. The selection of a substratum of a particular temperature is reflected In the height above
ground at which the lizard is found (Fig. 42, Tables 53,
54-, and 55) • 3n the morning the animals are selecting
those areas of the tree which are small in volume (higher
and hence warm most quickly, In the evening and late
afternoon the larger volume areas (lower) are coolest
on the shady side and warmest on the sunny side.
There Is a significant difference between the
height on the tree at which the lizards bask in
morning and afternoon periods. The heights at which the
.lizards are active in spring and summer are intermediate
between those of morning and afternoon basking.

In the

summer when diurnal activity is distinctly bi-modal,
neither of the heights of each activity period is significantly different from those of either basking period,
or from each other; however, heights of the period
separating the two activity periods is significantly
lower than those of all other periods. Height above
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Table 53* Heights of lizards above ground during basking,
active and siesta periods in spring, mid-summer, and late
summer

Season and period

N

Mean

Range

April
Horning basking
Activity
Afternoon basking

6
7
10

6£.0±6.3
34.3±10.3
51.6+6.9

48 - 84
12-84
24-84

June-August
Morning basking
Morning activity
Siesta
Afternoon activity
Afternoon basking

12
27
16
15
13

57-50*4.5
55.93*^.5
10.44*2.4
53-20*6.4
37.5^3.7

30 - 72
24 - 120
1-30
24 - 102
18 - 56

19
35
13

69-9±5-3

24 - 108
1 - 132
6-84

August-September
Morning basking
Activity
Afternoon basking

55.2+5.3
39.4*6.0
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Table 5k* Comparison of basking, active, and siesta heights
above ground in spring, mid-summer, and late summer

Month and comparison

N

Morning basking X Activity
Morning basking X Afternoon basking
Activity X Afternoon basking

12
16
17

April

2.5k

1.^3
1.39

.03
.15
.15

0.25
9.23
0.56
3.^2
8.92
0.35
3.15
6.25
6.15
2.12

.8
.001
.6
.01
.001
.7
.01
.001
.001
.03

1.96
3.81
1.98

.05
.001

June-August
Morning basking X Morning activity
Morning basking X Siesta
Morning basking X Afternoon activity
Morning basking X Afternoon basking
Morning activity X Siesta
Morning activity X Afternoon activity
Morning activity X Afternoon basking
Siesta X Afternoon activity
Siesta X Afternoon basking
Afternoon activity X Afternoon basking

39
28

27
25
k3

42
40
31
29
28

August-September
Morning basking X Activity
Morning basking X Afternoon basking
Activity X Afternoon basking

5k
}2
48

.05
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Table 55. Comparison of spring, mid-summer, and late summer
heights above ground during basking, active, and siesta
periods

Response and comparison

N

Morning basking
April X June-August
April X August-September
June-August X August-September

18
25
31

0.97
0.59
1.78

.5

34
22
42
62
50

1.92
1-56
1.80
0.11
0.24

.05
.15
. .07
.9
.8

23
23
26

1.80
1.33
0.26

.10
.20
.8

.3

.10

Activity
April X June-August (morning)
April X June-August (afternoon)
April X August-September
August-September X June-August (morning)
August-September X June-August (afternoon)
Afternoon basking
April X June-August
April X August-September
June-August X August-September

ground is not significantly different among various
seasons in either basking or activity periods.
Another method of positioning involves the regulation of the amount of energy the lizards receive
through insolation (Fig. 43, Tables 56, 57j and 58).
The amount of energy received varies with the degrees
deflection of the lizard from vertical (180°).

The

amount of deflection is significantly different for
morning and afternoon basking periods of mid-summer,
but not for those of fall or spring. Degrees deflection
for activity periods are intermediate between those
of morning and afternoon basking periods except in
the case of spring, fall, and the morning of the summer
when the amount of deflection is always lower. The
siesta period of the summer shows the least amount
of insolation (and deflection) and Is significantly
different from all other periods Of all seasons.
Differences in sex appear to reflect a difference
of body size between males and females. Small Individuals
have lower basking and activity temperature than large
ones, yet their body temperatures are relatively higher
than environmental temperatures (Fig. 44, Tables 59 and
60).

Dally differences between morning and afternoon

basking temperatures may possibly reflect body size
(and sexual differences), as most females and small
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Table 56. Numbers of degrees deflection from vertical of
longitudinal axis of body during basking, activity, and
siesta periods in spring, mid-summer, and late summer

Season and period

Mean

Range

6
9
9

82.33*^.0
34.00+11.5
76.0014.9

70 - 90
0-90
68 - 90

12
26

59.60±7.24
30.00+6.32
6.00+3.00
36.40+7.60
21.60+6.40

12 - 90

N

April
Morning basking
Activity
Afternoon basking
June-August
Morning basking
Morning activity
Siesta
Afternoon activity
Afternoon basking

12
»

August-September
Morning basking
Activity
Afternoon basking

0-90
0-42
0-78
0-78

13
30
13

61.38+8.4
27.83+^.6
31.2317.9

8-90
0-90
0-90
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Table 57. Comparison of basking, activity, and siesta degrees
deflection from vertical In spring, mid-summer, and late summer

Month and comparison

N

Morning basking X Activity
Morning basking X Afternoon basking
Activity X Afternoon basking

15
15
18

3-97
1.00
3-36

.01
.9
.01

38
27
26
24
41
40
38
29

3.08
6.84
2.21
3.93
3^3
0.65
0.93
3.72
2.21
1.49

.01
.001
•03
.001
.01
.50
•35
.001

3.50
2.61
0.37

.001
.02
.7

April

June-August
Morning basking X Morning activity
Morning basking X Siesta
Morning basking X Afternoon activity
Morning basking X Afternoon basking
Morning activity X Siesta
Morning activity X Afternoon activity
Morning activity X Afternoon basking
Siesta X Afternoon activity
Siesta X Afternoon basking
Afternoon activity X Afternoon basking

27

26

.03

.15

August-September
Morning basking X Activity
Morning basking X Afternoon basking
Activity X Afternoon basking

*3
26

k3
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Table 58. Comparison of spring, mid-summer, and late summer
degrees deflection from vertical during basking, activity,
and siesta periods

Response and comparison

N

t

P

18
19
25

2.75
2.25
0.16

.02
»04
.85

April X June-August (morning)
35
April X June-August (afternoon)
23
April X August-September
39
August-September X June-August (morning)
56
August-September X June-August (afternoon) 44

0.31
0.17
0.50
0.28
0.97

.7
.9
.6
.8
.3

6.75
4.82
0.95

.001
.001
-9

Morning basking
April X June-August
April X August-September
June-August X August-September
Activity

Afternoon basking
April X June-August
April X August-September
June-August X August-September

21
22
25

SIZE
Fig. 44. Substrata, body, and
air temperatures addTsnout-vent lengths
(mm.) of small and large £• graciosus in
April. Data in Table 59.
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Table 59* Substrata, body, and air temperatures and snout-vent
lengths of small and large lizards in April

Size

N

Mean

Range

SV

20

46.60+1.37

33 - 5k

BT

20

3k.7^+0.43

31.5 - 38.7

ST

20

31.32+0.53

28.5 - 37.k

AT

20

29.5^0.43

26.4 - 3^.2

SV

18

57.33+0.26

56 - 59

BT

18

36.77+0.57

33.2 - 39.8

ST

18

34.60+0.73

30.0 - 38.2

AT

18

30.40+1.02

26.6 - 36.5

Small

•

Large
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Table 60. Comparison of substrata, body, and air temperatures
and snout-vent lengths of small and large lizards in April

Comparison

N

t

P

SV

38

7.69

.001

BT

38

2.84

.01

ST

38

3-61*-

.001

AT

38

0.56

.6
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males appear to be active earlier in the day than other
individuals.

Lizards in the spring are, on the average, of

a smaller body size than those in the summer and hence, part
of the seasonal change may be due to a difference in body
size.
SUMMARY AND CONCLUSIONS
Selected body and gape response temperatures of
Urosaurus graciosus were found to be significantly higher
in late summer than in spring, with an apparent increase
of these responses by 2.9 and 1.9°C, respectively, during
the annual period of activity.
Whereas acclimation was a long term physiological
function, over-compensation to both high and low temperatures was found to occur within daily periods.
In spring and late summer the animals have a single
period of activity which is centered around the middle of
the day; but, in mid-summer the activity period is divided
into morning and afternoon periods, separated by a siesta
period in which air temperatures rise above tolerable
levels. During these periods the animals maintain body
temperatures that are below those of the air by effectively
pressing the body against the cooler substratum.

Other

means of behavioral thermoregulation include positioning of
the body both in terms of height above the ground and in
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terms of available solar radiation.

Gape responses indicate

that on certain days only a portion of the population may
be active.
GENERAL SUMMARY
Field studies were conducted in an area of central
Arizona in which two species of iguanid lizards (Urosaurus
graciosus and U. ornatus) occur in sympatry.

The results

of these investigations have been reported in three parts.
Part I. Comparative Ecology of Urosaurus graciosus
and U. ornatus in an Area of Sympatry.—A comparative study
of these two species demonstrated that although they occupy
the same geographical region in the study area, they are isolated into two distinct micro-environments which differ, in
part, in the amount and type of plant cover.

The basis for

the ecological separation of these species is complex and
includes differences in required thermal levels and in behavior.
During the period of study, climatic and environmental
conditions changed markedly within the study area and subsequently there were changes in the spatial distributions of
the two species, with the virtual decimation of one (U. ornatus).

As the distribution of U. ornatus diminished, that of

the other species (U. graciosus) expanded accordingly.

The

data of these investigations are in support of Gause1s rule.
It is concluded further that there is no direct evidence that
competition exists between reptilian species; the nature of
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the present data itself may permit quite different interpretations.
Part II. Demographic Aspects of the Ecology of
Urosaurus graciosus.—As the distribution of U. graciosus
expanded within the study area, there was a decrease in
population-density.

As a result, several density-dependent

functions were investigated in addition to usual studies of
natural history.

It was found that the age (and size) at

which males reach effective maturity, and the sex ratio,
were denstiy-dependent functions. Both of these were related
to the ontogenetic change in throat color. The hypothesis
is presented that social pressures trigger a physiological
response that inhibits the attainment of effective sexual
maturity (and a change in throat color); consequently, the
rate of increase of the population is not directly controlled
by the number of males.
Part III. Thermoregulation in Urosaurus graclosus.—
Investigations of physiological and behavioral thermoregulation
of U. graciosus demonstrated several seasonal and daily differences in thermal thresholds and in the methods of regulation.

Physiological responses involved thermal over-compen-

sation and seasonal acclimation. Behavioral^responses consisted of regulation of the time of activity periods, height
above ground, and angle of incidence with solar radiation.
The hypothesis is presented that differential activity of
certain phenotypes may also play an important role in thermoregulation.
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