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Ectotherms can compensate for geo-
graphical and temporal changes in the
thermal environment in several ways: by
behavioral regulation, by physiological
acclimatization, and by genetic differen-
tiation among populations. Most lizards
(Bogert, 1949; Huey, 1982a) compensate
by using fast-acting behavioral shifts (e.g.,
changes in time of activity and in basking
activity), and many species also show sup-
plementary (and slower) acclimatory re-
sponses (Corn, 1971; Spellerberg, 1972;
Hertz, 1981). Whether closely related liz-
ards living in thermally distinctive envi-
ronments also show genetic adaptation in
thermal physiology (Hertz et al., 1979) has
frequently been debated—often in the
pages of this journal. Two competing
views have emerged over the last three
decades.

(i) The “static” view, based largely on
studies of desert lizards (Bogert, 1949; see
also Ushakov, 1964; Brown and Feld-
meth, 1971; Hutchison, 1976), emphasizes
that thermal physiology is evolutionarily
conservative and thus relatively insensi-
tive to directional selection. This view is
derived from the empirical generalization
that aspects of thermal physiology of liz-
ards typically show little differentiation
within or among closely related taxa from
climatically distinctive habitats. Because
these taxa effectively adjust their ther-
moregulatory behaviors to local environ-
mental conditions, geographic variation in
body temperatures during activity—and
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presumably in physiological perfor-
mance—is minimal. C. M. Bogert (1949)
developed this view and suggested that
“thermal preferences” (his term for field
activity temperatures), which are often
correlated with physiologically optimal
temperatures (Dawson, 1975), are “. ..
fixed by heredity . . . at the species level
and . . . that closely related species have
similar . .. body temperature prefer-
ences” (Bogert, 1949 p. 203).

(ii) The “labile” view, based largely on
recent studies of tropical iguanid lizards
(Huey, 1982a), argues that thermal phys-
iology does respond readily to directional
selection in 'some taxa (see also Moore,
1939; Hutchison, 1976; Sopina, 1976; Mil-
ler and Packard, 1977; Hirshfield et al.,
1980). In the tropical iguanid genus 4no-
lis, mean activity temperature in nature
and preferred body temperatures in labo-
ratory thermal gradients (Ruibal, 1960;
Rand, 1964a; Corn, 1971; Clark and Kroll,
1974; Huey and Webster, 1976), the range
of activity temperatures (Ruibal and Phi-
libosian, 1970; Huey and Webster, 1975;
Lister, 1976; Hertz, 1982), and Critical
Thermal Maxima (Hertz, 1979) often dif-
fer markedly among closely related species
and vary in concert with environmental
temperatures.

In this paper we examine evolutionary
lability in the thermal physiology of two
species of agamid lizards that differ in
thermal biology in nature. In a back-
ground field study in Israel (Hertz and
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TABLE 1.

P. E. HERTZ ET AL.

Sample sizes (N), field active body temperatuves (°C), air temperaturves (°C) where lizards

were, Critical Thermal Minima (CTMin, °C), and Critical Thermal Maxima (CTMax, °C) for five
agamid lizard populations sampled in early summer. Data from Hertz and Nevo (1981). Superscripts identify
values that were not significantly different (ANOVA, S-N-K tests for means, Bartlett’s tests for vaviances).

Field data Critical temperatures
Body temp Air temp CTMin CTMax
Population N x 5% Range % =SE N X =SE % = SE
A. savignyi
330 m 57 37.9 3.2b 34.4-42.6 33.7 £ 0.3 8 12.0 + 0.14 47.2 £ 0.2
S. stellio
170 m 35 36.0 3.2°  31.6-38.6 30.0 = 0.6 5 11.5 *= 0.49 44.6 + 0.3°
530 m 54 34.42 2.0 30.2-37.4 28.0 = 0.4¢ 8 12.6 + 0.24 45.0 + 0.3¢
920 m 37 34,12 11.8 24.4-38.6 29.6 = 0.5 15 12.5 + 0.34 45.0 £ 0.1°
1,500 m 35 32.9 15.4 23.4-39.2 27.2 = O‘.4C 10 11.9 = 0.2¢ 44.7 *+ 0.2°¢

Nevo, 1981; relevant results summarized
here in Table 1), geographic and interspe-
cific variations in thermoregulatory be-
haviors and body temperatures were doc-
umented for two closely related genera
(Moody, 1980), Agama and Stellio. In the
Middle East, species in the genus Agama
occupy hot desert habitats, whereas Stel-
lio stellio generally occurs in cooler habi-
tats. Mean activity temperatures and Crit-
ical Thermal Maxima reflect this
distributional pattern and are higher in
Agama than in Stellio. Among four pop-
ulations of Stellio distributed along an el-
evational transect, mean activity temper-
ature varies inversely with altitude;
moreover, the variance in body tempera-
"ture is notably larger in populations from
high elevations.

Based upon the results of this field study,
the static and labile views lead one to make
different predictions about geographic and
interspecific variation in the thermal phys-
iology of Agama and Stellio. According to
the static view, “optimal” temperatures
and the thermal sensitivity (i.e., the de-
gree of thermal specialization) of physio-
logical functions should differ minimally
among populations and only slightly
among species. According to the labile
view, “optimal” temperatures should be
higher in Agama than in Stellio; more-
over, physiological responses in Stellio
should be relatively insensitive to temper-
ature (i.e., more eurythermal) in high al-

titude populations, which had high vari-
ance in field body temperatures (see
Hirshfield et al., 1980).

Here we evaluate the accuracy of these
sets of competing predictions. Our data
include experimentally determined esti-
mates of optimal temperatures and ther-
mal performance breadths for sprint speed
(Fig. 1). We demonstrate evolutionary
conservatism in the thermal sensitivity of
sprint speed in these species even though
high-altitude Stellio are sometimes active
at body temperatures that are low enough
to hamper locomotor capacity.

QOur study of the evolution of thermal
capacity in lizards represents a conceptual
and technical refinement over previous
approaches that have relied upon thermal
tolerance limits or behavioral data (pre-
ferred temperatures) as physiological in-
dicators. Sprint speed is an integrated as-
pect of behavioral and physiological
capacity that has obvious ecological im-
portance (Elliott et al., 1977, Huey and
Stevenson, 1979; Bennett, 1980; Christian
and Tracy, 1981). Optimal temperatures
and thermal performance breadth for
sprint speed are ecologically interpretable
parameters (Huey and Stevenson, 1979).
In contrast, critical temperatures may have
only limited ecological relevance on a dai-
ly basis because body temperatures of ac-
tive reptiles rarely approach such extreme
levels in nature (contrast field T, and crit-
ical temperatures in Table 1; see also Bog-
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F1G. 1. Schematic diagram illustrating the vari-
ables used to analyze the thermal sensitivity of sprint
speed. Optimal temperature is defined as the tem-
perature (7,) at which maximum speed was achieved.
The optimal temperature range and the thermal per-
formance breadth (Huey and Stevenson, 1979) are
defined as the range of body temperature over which
the lizard can run at 95% (Bygs) or at 80% (Bsgy), re-
spectively, of its Vyax or faster. CTMin and CTMax
are the Critical Thermal Minimum and Maximum,
respectively.

ert, 1949; Feder, 1978; Huey and Steven-
son, 1979; Huey, 1982a; for a different
perspective, see Fry, 1971; Ushakov and
Bugayeva, 1975; Hutchison and Maness,
1979); and preferred temperatures in lab-
oratory gradients are at best only indirect,
behavioral indices of physiological perfor-
mance (Dawson, 1975; Huey, 1982a).

MATERIALS AND METHODS

We collected lizards in late June and
early July 1980 at five sites in Israel where
field studies had been conducted (map in
Hertz and Nevo, 1981). Agama savignyi
were captured near Wadi Sekher, 20 km
S of Be’er Sheva (330 m elev.). A sample
of S. stellio brachydactyla was obtained
near Avedat in the central Negev (530 m
elev.). Populations of S. stellio ssp. (Hoof-
ien, 1972) were sampled at three localities
separated by a maximum distance of 11
km along an altitudinal transect in the Go-
lan of northeastern Israel (approximately
270 km N of Avedat and Wadi Sekher):
Giv’at Em (170 m elev.) in the foothills
east of the Hula Valley; Berekhat Ram
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(920 m elev.); and near the ski lift on
Mount Hermon (1,500 m elev.). Animals
were shipped by air to a laboratory in Se-
attle where they were acclimated for 10
days at 12:12 L:D and 34 C:26 C, a cycling
thermal regime that approximated aver-
age conditions (Hertz and Nevo, 1981) ex-
perienced by these lizards in nature (see
Dawson, 1975; Hutchison, 1976; Huey,
1982a). Food and water were available ad
libitum. Agama savignyi is substantially
smaller than Stellio (Table 2; Kruskal-
Wallis ANOVA, x? = 14.128, P = .007);
lizards in our four samples of Stellio did
not differ significantly in mass (Table 2;
Kruskal-Wallis ANOVA, x% = 1.869,
P = .600).

To determine the thermal sensitivity of
sprint speed, we chased lizards down a
2.0 X .2 m section of a racetrack with a
rough, rubberized substrate that provided
excellent traction. The apparatus and
methods are detailed in Huey et al. (1981)
and Huey (1982b). After being trained for
several days (Bennett, 1980), lizards were
run every other day (one temperature per
day, six trials/lizard/temperature, 1 trial/
h) at the following random sequence of
body temperatures (C): 30, 26, 38, 34, 18,
42, and 22. They were subsequently rerun
at 30 C to determine whether captivity and
the experimental regime had impaired
performance; if either mass or maximum
speed at 30 C had declined by more than
20%, a lizard was eliminated from the
analysis. Nine of 64 animals were so elim-
inated. The following numbers (total = 55)
of animals (adult males, adult females, ju-
veniles) remained in the study after the
application of these a priori criteria: 10 4.
savignyi (8, 2, 0); 11 Stellio from 170 m
(7, 4, 0); 10 Stellio from 530 m (4, 6, 0);
15 Stellio from 920 m (7, 4, 4); and nine
Stellio from 1,500 m (2, 7, 0).

For each of the seven temperature levels,
we calculated the maximum speed (m/s) of
each lizard (among all six trials) over all
.5 m sections of the racetrack. We also
determined the Critical Thermal Minima
and Maxima (loss of righting response; see
Hertz and Nevo, 1981), which serve as
estimators of the upper and lower tem-
peratures for which any locomotion is pos-
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sible. We then used the seven maximum
speeds with the population means for
Critical Thermal Minima and Maxima
(each critical temperature weighted three
times) to construct individual profiles of
the thermal sensitivity of sprint speed for
each lizard. Population means were used
because critical temperatures were mea-
sured only on a subsample of lizards (Hertz
and Nevo, 1981). In any case the standard
deviations of critical temperatures were
small (average among samples = .74 for
CTMin, .69 for CTMax).

To estimate sprint speed as a function
of body temperature, we fitted two curves
to the data for each lizard using Mar-
quardt’s algorithm (SPSS): (1) a “double
exponential” (Huey and Stevenson, 1979),

V = S(1 — e ki(To—CTMim)

.(1 _ ekg(T,ﬁCTMax)) (1)
and (2) a “logistic-exponential” (R. D.
Stevenson, pers. comm.),

V =S/(1 + k(e *«To—CTMi)
(1 — eka(Tb—CTMax))).

@)

In both equations, V = sprint speed (m/
s), S = a scaling factor, and %k, k,, and
ks are fitted parameters. Sample curves
illustrating fits to these models are pre-
sented in Figure 2; the two curves differ
in shape only at low body temperatures.
Because no underlying theoretical rela-
tionship exists for the thermal sensitivity
of sprint speed, we selected the model with
the smaller sum of squares (for each lizard)
for analysis. Neither the proportions of
lizards assigned to the models (x2 = 5.935,
P = .204) nor the goodness of fit of the
curves (Kruskal-Wallis ANOVA, x2 =
2.596, P = .628) differed among popula-
tions (Table 2).

For several lizards, speed at one body
temperature was clearly inconsistent with
the general profile of the thermal sensitiv-
ity of sprint speed (i.e., the speed was
bounded by much higher speeds at adja-
cent temperatures). We eliminated a low
speed before fitting a final curve if the in-
clusion of that point generated an initial
curve for which the predicted maximum
speed (Vmayx) was less than 90% of the liz-
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F1c. 2. Examples of the two types of curves fit-

ted to data on sprint speed as a function of body
temperature (two different lizards represented). (a)
double exponential. (b) logistic-exponential. Sum of
squares = .077 for double exponential, = .035 for
logistic-exponential.

ard’s observed maximum speed. Using this
a priori criterion, we dropped one low
point for each of three lizards.

To characterize the thermal sensitivity
of sprint speed of individuals, we derived
the following statistics from the fitted curve
for each lizard (see Fig. 1): predicted max-
imum speed (Vyax), the body temperature
at which V.« is achieved (T,), the 95%
performance breadth (Bgs, the range of
body temperatures over which a lizard can
run at 95% of its V.4 or faster), and, sim-
ilarly, the 80% performance breadth (Bg).
In contrast to the fitted parameters (for
example, k&, k,) in equations (1) and (2),
these derived statistics have obvious rel-
evance to ecology (Huey and Stevenson,
1979). T, is an estimator of the “optimal”
temperature, Bgys; is an estimator of the
breadth of the optimal temperature range,
and Bgis an estimator of the thermal per-
formance breadth for sprint speed (Fig. 1).
We chose the 80% performance breadth
because the lower bound of this range most
closely corresponded to the lowest body
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TABLE 2.
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Mass (g, X + SE), number of animals fitted to logistic-exponential curve, number of animals fitted

to double exponential curve, and sum of squares (X = SE) for curves fitted to data on thermal sensitivity of

sprint speed in five populations of agamid lizards.

Population Mass Log-expo Expo-expo Sum of squares
A. savignyi 330 m 22.0 £ 1.8 5 5 .191 = .038
S. stellio 170 m 40.1 =£5.3 6 5 .186 = .047
S. stellio 530 m 55.1 8.3 4 6 .546 = .367
S. stellio 920 m 41.1 = 4.6 3 12 .155 *+ .029
S. stellio 1,500 m 41.9 £ 43 5 4 L1127 + .032

temperature recorded during the field study
(Hertz and Nevo, 1981). A lower perfor-
mance breadth (e.g., Bso) would thus be
ecologically unrealistic.

RESULTS

Maximum speeds of lizards were very
low at low body temperatures (Fig. 2).
Speed increased with body temperature
and then reached a broad plateau over
which speed was essentially independent
of temperature (Fig. 2, see also Bennett,
1980; Huey, 1982b). The mean optimal
temperature range (Bgs, Fig. 1) was large,
averaging 8.4 = .3 C among populations
(Table 3). Sprint speed dropped precipi-
tously at temperatures above this range
(Fig. 2).

Selection that results in geographic and
interspecific variation in thermal physiol-
ogy operates only if variations in body
temperature of these populations are of
sufficient magnitude to hamper physiolog-
ical performance (Huey, 1982b). We
therefore combined laboratory data on the
effects of temperature on sprint speed (e.g.,
Fig. 2) with field data on activity temper-
atures of these lizards (Table 1) to identify

TABLE 3.

such selective pressures, assuming that ac-
climatization did not confound this asso-
ciation.

We first calculated average relative
sprint speed of lizards from each popula-
tion at three temperatures: the lowest ac-
tivity temperature, the average activity
temperature, and the highest activity tem-
perature observed in nature. Relative
sprint speed varied significantly among
populations at each of the three tempera-
tures (Table 4); the variation is most
marked at the lowest observed activity
temperature. High elevation Stellio, which
are sometimes active at low body temper-
atures (Table 1), apparently accept activ-
ity at lower performance levels than do
their lowland counterparts (correlation be-
tween performance level at lowest ob-
served T and altitude, »; = —1.000, P <
.01). Agama savignyi, which are some-
times active at high body temperatures
(Table 1) also apparently accept activity
at suboptimal performance levels (Table
4).

Absolute speeds of Stellio also decline
with altitude (Table 4). Average absolute
speeds, both at the lowest observed body

Predicted maximum velocity (Vimaz), optimal temperature (T,), optimal temperature range (Bgs),

and thermal performance breadth (Bgg) for sprint speed in five populations of agamid lizards. All values are

x * SE; ANOVA results in footnotes.

Population V max® To® B¢ Bgo
A. savignyi 330 m 2.7 £0.2 384 = 1.6 8.9 = 1.0 15.7 = 1.1
S. stellio 170 m 2.7 £0.2 38.8 =+ 1.0 8.4 £ 0.1 14.6 = 1.0
S. stellio 530 m 2.4 +£0.2 40.6 =+ 1.3 9.0 £ 1.3 15.7 £ 0.9
S. stellio 920 m 2.5 0.1 39.9 £ 0.9 7.6 0.7 15.0 = 0.7
S. stellio 1,500 m 2.3 0.3 37.0 = 1.2 8.1 1.2 14.5 = 1.0
aF = 784, P = 541,"F = 1259, P = .298,°F = 353, P = 841,9F = 371, P = 828
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TABLE 4.
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Predicted relative sprint speed (average percentage of Vymar * SE) and predicted absolute speed

(x = SE, M/S) for five agamid lizard populations at three body temperature levels: lowest, mean, and highest
activity temperature observed in each population. See text for explanation.

Population Lowest temp Mean temp Highest temp
Relative speed?®
A. savignyi 330 m 97.2 £ 1.0 98.2 = .5 84.1 = 3.8
S. stellio 170 m 90.5 = 2.5 98.4 + .6 98.6 * .5
S. stellio 530 m 88.4 + 2.0 96.2 = 1.4 98.6 =+ .8
S. stellio 920 m 66.0 = 2.5 94.1 + .8 97.1 = 1.3
S. stellio 1,500 m 63.2 = 5.6 92.7 £ 2.0 96.3 + 2.3
Absolute speed®
A. savignyi 330 m 2.62 = .15 2.64 = .16 2.25 = .15
S. stellio 170 m 2.45 = .19 2.68 * .22 2.70 = .24
S. stellio 530 m 2.12 = .22 2.32 = .25 2.37 = .25
S. stellio 920 m 1.66 * .11 2.37 + .14 2.46 = .13
S. stellio 1,500 m 1.39 = .15 2.01 = .21 2.22 * .28

2 Kruskal-Wallis ANOVAs among populations: all P’s < .001.

® One-way ANOVAs among populations: lowest temperature, P < .001; mean temperature, P > 100; highest temperature, P > .500

temperature and at the mean body tem-
perature (s = —1.000, P’s < .05), are
negatively correlated with altitude. Ab-
solute speeds at the highest observed body
temperature were not significantly corre-
lated with altitude (v = —.300, P > .05).

Our analysis demonstrates that high-al-
titude lizards are sometimes active at low
body temperatures that should hinder
sprint capacity. In the absence of compen-
satory behaviors (Rand, 1964b), reduced
sprint capacity should negatively influence
the ability of high-altitude lizards to cap-
ture food or to escape predators, thereby
providing a selective pressure for local ad-
aptation of thermal physiology.

Despite this apparent selective pressure
for local adaptation we were unable to
demonstrate any geographic or interspe-
cific variation in the thermal sensitivity of
sprint speed. None of the four descriptive
variables examined (Vmax, 1o, Bgs, and Byg)
differed either among the five populations
or among Stellio samples (Table 3). Op-
timal temperature for sprint speed (7,) was
not rank-correlated with mean activity
temperature among populations (r; =
—.248, P > .05). Moreover, neither the
optimal temperature range (Bgs) nor the
thermal performance breadth (Bgy,) was
significantly rank-correlated with vari-
ance in field activity temperatures (Table
1) among populations, and the trends were

in the opposite direction from those pre-
dicted (r; = —.782 and —.632, respective-
ly, P’s > .05). Our results on geographic
and interspecific variation in the thermal
sensitivity of sprint speed are thus consis-
tent with the static view of the evolution
of thermal physiology.

Body size did not affect the thermal sen-
sitivity of sprint speed: size was not sig-
nificantly correlated with 7,, Bgs, or By,
either within populations (Spearman rank
correlations, all P’s > .05) or in combined
samples (Fisher’s combined probability
tests, all P’s > .05). Nevertheless, body
size was positively correlated with V. in
two samples of Stellio and among all five
samples (Fisher’s combined probability
tests, x* = 22.068, P < .025; see Huey
and Hertz, 1982).

Discussion

Two opposing views postulate that the
thermal sensitivity of physiology in lizards
and other organisms is evolutionarily inert
or is potentially evolutionarily labile. Our
data on geographic and interspecific vari-
ation in thermal sensitivity of sprint speed
in agamid lizards support the former view
(Bogert, 1949). We have developed this
assertion by demonstrating that the body
temperatures of these agamids during ac-
tivity vary geographically (despite ther-
moregulatory adjustments of the lizards),
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that the resultant variation in body tem-
peratures appears to be of sufficient mag-
nitude to hinder the sprint performance of
lizards living at the extremes of a natural
thermal gradient, but that the thermal
sensitivity of locomotor performance is in-
variant among populations.

Thermal environments change dramat-
ically with altitude (McCullough and Por-
ter, 1971). In response, many lizards (Hertz
and Huey, 1981)—including the agamids
presently under consideration (Hertz and
Nevo, 1981)—show striking altitudinal
variation in their use of thermoregulatory
behaviors. For example, lizards living in
cold, montane localities bask more fre-
quently and have shorter daily activity pe-
riods than do lizards living in more mod-
erate environments; and lizards living in
very hot, lowland localities typically avoid
sunlit perches and sometimes curtail ac-
tivity at midday.

Altitudinal and geographical changes in
thermoregulatory behaviors reduce the
impact of local thermal conditions on both
the body temperatures and the physiolog-
ical performance of agamid lizards (Hertz
and Nevo, 1981); however, the behavioral
adjustments do not eliminate that impact
entirely. Indeed, lizards living at the ex-
tremes of the altitudinal transect are pe-
riodically active at body temperatures
(Table 1) that are suboptimal, at least with
reference to sprint ability (Table 4). For
example, some high-altitude Stellio are
active at low body temperatures that may
reduce sprint speeds to 65% of Vayx, and
low-altitude A. savignyi are sometimes ac-
tive at high body temperatures that may
reduce speeds to 85% of Vhax.

Impaired sprint ability could have im-
portant negative consequences for the
ecology and behavior of these animals.
Webb (1976) shows that the risk of being
injured or captured by predators might in-
crease. Christian and Tracy (1981) dem-
onstrate that the rate of predation by
hawks on juvenile land iguanas (Conolo-
phus pallidus) in the Galapagos is inverse-
ly related to body temperature and to sprint
speed of the iguana. Moreover, impaired
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sprint ability could also decrease a lizard’s
rate of prey capture. Greenwald (1974)
demonstrates that the success and speed
of captive gopher snakes (Pituophis mel-
anoleucus) striking at mice are positively
related to the temperature of the snake.

The apparent reduction in sprint ability
experienced by some lizards (Table 4)
should provide a selective pressure for
compensatory shifts in the thermal sensi-
tivity of sprint locomotion. Nevertheless,
thermal profiles show remarkably little
variation among populations of Stellio or
between Stellio and Agama savignyi. We
found no significant differences in esti-
mates of optimal temperatures (7,, Table
3) among populations, even though mean
field activity temperatures vary geograph-
ically (Table 1). Similarly, we found no
differences in the optimal temperature
range (Bgs, Table 3), even though vari-
ance in activity temperatures varies geo-
graphically (Table 1). Indeed, the only
known physiological difference between
Stellio and Agama is in Critical Thermal
Maximum (Table 1).

The thermal physiology of these agamid
lizards shows very limited geographic
variation, thus supporting the static view
of thermal physiology for these lizards.
This does not necessarily imply that ther-
mal physiology is always evolutionarily
inert. We can think of several reasons why
the presumed selective pressure on these
agamids might be lower than we have as-
sumed.

(¢) In contrast to some physiological
functions (Dawson, 1975), sprint capacity
of all lizards examined to date (including
representatives from five families) is gen-
eralized with respect to temperature (Ben-
nett, 1980; Huey, 1982b; data herein). In
our data on agamids, the optimal temper-
ature range (Bgs, Table 3) is, in fact, ac-
tually greater than the range of activity
temperatures observed in three of five
populations (Table 1). Thus, most of these
lizards are never active at body tempera-
tures that would reduce sprint capacity by
even 5%, at least during summer. These
broad optimal temperature ranges may re-
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flect selection for thermal insensitivity
(Soulé, 1963; Huey and Slatkin, 1976;
Tracy, 1978) of this important whole-an-
imal activity (Bennett, 1980; Huey, 1982b).
In other words, the ability to run quickly
(to evade predators, capture prey, or in-
teract with conspecifics) over a wide range
of temperatures (Webb, 1976; Elliott et al.,
1977; Christian and Tracy, 1981; Huey,
1982a) may make a greater contribution
to fitness of many ectotherms than the
ability to run very quickly over a narrow
range of temperatures.

The above patterns challenge the wide-
spread belief that selection inevitably fa-
vors the evolution of local thermal spe-
cialization (but see Soulé, 1963; Huey and
Slatkin, 1976; Tracy, 1978; Bennett, 1980).
Given this general pattern, the lack of
geographic variation in sprint capacity is
perhaps not surprising.

(z2) Moreover, the probable locomotor
handicaps induced by activity at ex-
tremely low or high body temperatures
may not be of great ecological significance
to these lizards. During early summer high-
altitude Stellio are active at low body
temperatures for only one-and-a-half to
two hours in the morning (Fig. 2 in Hertz
and Nevo, 1981). Consequently, the du-
ration of vulnerability to predators is short,
and the saxicolous habit of these agamids
(Barash and Hoofien, 1956; Hertz and
Nevo, 1981) provides them with ready ac-
cess to refugia. Potentially, these lizards
may also behaviorally compensate for im-
paired sprint speed by increased wariness
(Rand, 1964b) or by qualitative changes in
defensive behavior (Hertz et al., 1982).

(#41) Acclimatization of locomotor per-
formance, not studied in the present ex-
periments (or in any experiments on liz-
ards to date), to local thermal conditions
might provide some compensation for im-
paired sprint performance.

Resolution of the extent to which ther-
mal physiology is evolutionarily conser-
vative in Middle Eastern agamids—or in
any other species showing limited geo-
graphic variation in thermal physiology—
is presently elusive. Information on the
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thermal sensitivity of physiological pro-
cesses in the laboratory (Table 3) will
readily detect groups for which physiology
is evolutionarily labile (e.g., Anolis, see
Introduction). Nevertheless, for groups
showing little geographic variation, such
evidence alone is inadequate as a dem-
onstration of evolutionary inertia: labo-
ratory evidence alone does not directly ad-
dress the fundamental issue of whether the
animals actually experience selective pres-
sures promoting evolutionary shifts in
thermal sensitivity. Demonstration of evo-
lutionary inertia will require additional
data: that selective pressures are impor-
tant and operative in nature (e.g., from
data such as those of Christian and Tracy,
1981, for lizards living at different alti-
tudes) and that acclimatization does not
provide complete compensation for alti-
tude. Moreover, some groups may show
little variation in thermal physiology—not
because physiology is evolutionarily inert,
but because of the homogenizing effects of
gene flow (Endler, 1977; Miller and Pack-
ard, 1977).

SUMMARY

The evolution of thermal sensitivity of
sprint speed was examined in five samples
of two species of agamid lizards, Agama
savignyi and Stellio stellio, from Israel.

Integration of results from field and lab-
oratory studies indicates that Stellio at high
elevations and Agama savignyi at low el-
evations are sometimes active at body
temperatures that result in suboptimal
sprint performance. Impaired sprint per-
formance could reduce predation success
and increase the risk of being captured by
predators, thereby fostering selection for
local adaptation of thermal physiology.
Despite these expectations, we found no
variation in the thermal sensitivity of sprint
speed among five populations.

Experimentally determined optimal
temperatures (i.e., the body temperatures
at which lizards run fastest) and thermal
performance breadths (i.e., the range of
temperatures over which lizards perform
well) for sprint speed do not differ among
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samples even though field activity tem-
peratures vary interspecifically and along
an altitudinal gradient. These data sug-
gest that thermal physiology may be evo-
lutionarily conservative in these species.

Neither the optimal temperature nor the
thermal performance breadth for sprint
speed changes ontogenetically. Maximum
speed, however, increases with body size
in S. stellio.

Sprint speed is relatively independent of
body temperature in all species of lizards
examined to date. This result may reflect
selection for thermal insensitivity of this
ecologically important, whole-animal ac-
tivity.
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