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Abstract. In laboratory studies we determined that the defensive responses used by two agamid 
lizards, Agama savignyi and A, pallida, change as a function of body temperature. At high body 
temperatures, these lizards flee rapidly from predators. At lower body temperatures, which reduce sprint 
speed, the lizards rarely run but instead hold their ground and attack aggressively. This temperature- 
dependent switch in defensive behaviour may have evolved because cold lizards that live in open 
habitats would have little chance of outrunning predators. Defensive behaviours of animals may in 
general be sensitive to physiological variables that influence locomotor performance. 

An animal may attempt to evade an attacking 
predator by fleeing or by using defensive pos- 
tures, death feigning, diversionary behaviour, 
or aggressive retaliation (Edmunds 1974). The 
relative effectiveness of these alternative defen- 
sive reactions is known to vary with ecological 
circumstances (Wilson 1975). In addition, the 
relative advantage of flight might be influenced 
by a change in physiological state, which could 
alter the probability that an animal will be able 
to outrun a potential predator. 

Here we demonstrate that body temperature, 
a major physiological variable for most ecto- 
therms (Bartholomew 1977), influences the 
defensive reactions and sprint speeds of some 
agamid lizards in the laboratory. Warm lizards 
sprint quickly and will flee from human 'pre- 
dators'; but cold lizards, which do not run as 
rapidly, hold their ground and attack aggres- 
sively. 

The primary subject of this study is Agama 
savignyi (Agamidae), a small (maximum snout- 
to-vent length = 100 mm), insectivorous, 
diurnal lizard that inhabits desert sand dunes in 
northeastern Africa and the Middle East 
(Flowers 1933). This species is predominantly 
ground-dwelling, but often climbs small shrubs 
and twigs during hot summer days. Body 
temperatures in the Negev Desert during sum- 
mer are typically high (mean activity temper- 
ature =-- 37.9 • 0.24 C, N = 57; mean preferred 
body temperature in a laboratory thermal 
gradient = 35.5 ~ 0.32 C, N = 10 individuals; 
Hertz and Huey, unpublished data). 

We have limited comparative data on the 
defensive behaviours of three other species of 
agamid lizards from the Negev. Agama pallida, 
closely related to A. savignyi (Gorman & 
Schochat 1972; Moody 1980), is a terrestrial 
lizard that occupies pebbly, loess soils. Agama 
sinaita and Stellio stellio, both phylogenetically 
removed from the above lizards (Moody 1980), 
inhabit rocky outcrops and typically perch on 
boulders or piles of stones. Data on the natural 
history and thermal biology of all four species 
are given in Hertz & Nevo (1982). 

Methods 
Agama savignyi (N = 14) were collected near 
Wadi Sekher (20 km south of Be'er Sheva), 
Israel; A. pallida (N--  3), near Midreshet Sede 
Boqer, Israel; A. sinaita (N = 6) near Masada, 
Israel; and Stellio stellio ( N -  55) from several 
localities in the Negev Desert and Golan 
Heights. Collections were made with the per- 
mission of the Nature Reserves Authority of 
Israel. Localities are precisely identified in 
Hertz & Nevo (1982). 

All lizards were obtained in late June, 1980, 
shipped to Seattle, and acclimated for 10 days 
at 12:12 L:D and 34 C:26 C. Food (crickets 
coated with a powdered multivitamin) and 
water were provided daily. 

After discovering that the defensive responses 
of A. savignyi seemed to change as a function of 
body temperature, we classified the response of 
each lizard into one of four categories. A lizard 
that fled immediately upon being prodded was 
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Fig. 1. Display of A. pallida. Note dark throat, lip curling, and posture. 

Hertz et al., Anita. Behav., 30, 3 
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Fig, 2. Defensive display of a cold Agama savignyi showing posture, gaping, and lip curling. 

Fig. 3. Skull of a male A. savignyi illustrating the enlarged, canine-like teeth (characteristic of many agamids), which 
make the bite of this species very painful. 

Hertz et al., Anita. Behav., 30, 3 
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scored 'r'. Lizards that held their ground typi- 
cally exhibited a sequence of as many as three 
highly stereotyped, defensive responses Figs 
1-2, Plates I and II). Initially, a lizard gaped, 
exposing pink mouth-parts against a dark throat 
--apparently enchancing the effect of gaping 
(Mertens 1960)--and lunged to bite if the ob- 
server's hand approached closely (scored as 
behaviour 'al ').  When provoked further, a 
lizard stood upright with its leg~ held rigid, body 
inflated, jaws opened widely, and tongue pro- 
truding (behaviour 'a2'). In response to 
additional prodding from behind, a lizard some- 
times spun around to attack, lashed with its 
tail, and bared its teeth by curling its lower lip 
(Fig. 1, Plate I) before leaping off the substrate 
to bite (behaviour 'a3'). 

To determine the thermal sensitivity of sprint 
speed in these lizards, we chased them individ- 
ually down a 2.0 x 0.2 m section of a racetrack 
with a rough, rubberized surface that provided 
excellent traction. The apparatus and methods 
are detailed in Huey et al. (1982). Sprinting 
lizards passed through a series of photocell 
stations connected to an AIM-65 microprocessor 
that calculated interval velocities (m/s) over 
each 0.25 m section of  the track. 

Lizards were trained to run in the racetrack 
for several days (Bennett 1980). Thereafter, 
lizards were run every other day (one tempera- 
ture per day, six trials per lizard per temperature, 
about one trial per hour) at the following ran- 
dom sequence of temperatures (C): 26, 38, 34, 
18, 42, 22, and 30. For each trial, we recorded 
one behavioural score for each lizard: score 
'r' if the lizard fled immediately, or the 'a' score 
that corresponded to the most aggressive behavi- 
our exhibited by the lizard. We also recorded 
the maximum speed of those lizards that fled. 
In the analysis below, we use the behavioural 
score indicating the highest level of aggression 
as well as the fastest speed from among the six 
trials at each temperature. 

Results 
The defensive behaviour of A. savignyi is pro- 
foundly affected by body temperature. The 
number of A. savignyi that fled (range = 5 to 
14) was positively correlated with body tempera- 
ture (rs = 0.883, P < 0.05), and individual 
lizards shared a tendency to be more likely to 
run at higher temperatures (Kendall coefficient 
of  concordance, W = 0.545, P < 0.01). 

Defensive behaviours also changed qualita- 
tively with body temperature (Fig. 4a): flight 

was more prevalent at high temperatures, and 
increasing levels of  aggression were associated 
with lower temperatures. Individuals showed 
concordance in these patterns ( W = 0 . 6 8 7 ,  
P < 0.01). The behavioural shifts appear to be 
a step function of body temperature (Fig. 4a), 
and the threshold occurs between 26 C and 
30 C. 

Maximum sprint speed of A. savignyi was 
also influenced by body temperature (Fig. 4b). 
Between 18 C and about 34 C, sprint speed 
increased with body temperature. At higher 
temperatures, sprint speed levelled or perhaps 
declined slightly. Similar patterns are known 
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Fig. 4. (a) Proportion of Agama savignyi (N = 14) 
exhibiting four behavioural patterns at different body 
temperatures ('r' indicates that lizard ran immediately 
when placed in the racetrack, 'a3' indicates complete 
sequence of three aggressive displays, see text). (b) Maxi- 
mum speed (mean+95% confidence limits) of adult 
A. savignyi as a function of body temperature. 
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for several genera of lizards (Tracy 1978; 
Bennett 1980; Huey 1982) including Stellio 
(Hertz, Huey & Nevo, unpublished data). 

Agama pallida also became aggressive at low 
body temperatures and exhibited defensive dis- 
plays (and dark throat) which paralleled those 
of A. savignyi. In our limited sample for A. 
pallida, body temperature was positively corre- 
lated with the number of trials in which lizards 
ran (rs = 1.000, P < 0.01) and negatively cor- 
related with the degree of aggressive behaviour 
(rs = -- 1.000, P < 0.01); the transition from 
flight to fight occurred between 26 C and 30 C. 

In contrast, the defensive behaviour of A. 
sinaita and S. stellio was unaffected by body 
temperature. These lizards occasionally gaped 
(although neither has a dark throat), but they 
never bit persistently, and invariably ran away 
even at low body temperature. 

Discussion 
Body temperature is an important determinant 
of physiological state in ectotherms (Bartholo- 
mew 1977) and correlates with the defensive 
responses of Agama savignyi and A. pallida. At 
body temperatures that maximize sprint speed, 
these lizards run away from human predators. 
At body temperatures that reduce sprint speed, 
these lizards rarely run and instead become ag- 
gressive. The degree of aggressiveness is inversely 
related to sprint speed. 

The shift from flight to fight is probably adap- 
tive because cold lizards would have little chance 
of out-running (Webb 1978; Christian & Tracy 
1981) and out-manoeuvring natural predators. 
In the Negev Desert, such potential predators 
probably include a variety of snakes, large 
lizards, birds of prey, and small mammals. 

The effectiveness of these aggressive displays 
may be enhanced by the ability of agamid lizards 
to inflict an exceptionally painful bite. Many 
agamids have enlarged canine-like teeth (Fig. 
3, Plate II). In particular, cold A. savignyi bite 
persistently relative to other lizards of compar- 
able size that we have encountered on four 
continents. 

A comparison of the natural history of these 
four agamids may provide insight into the 
selective milieu favouring a temperature- 
dependent switch in defensive response. Large 
rocks and other refugia are relatively rare in the 
open habitats occupied by the ground-dwelling 
A. savignyi and A. pallida. In contrast, hiding 
places are readily available in the rocky out- 
crops on which A. sinaita and S. stellio typically 

perch. We suggest that the parallel switch to 
aggressive retaliation, by A. savignyi and A. 
pallida at low body temperatures may be related 
to the scarcity of suitable refuges in open deserts. 
In such habitats a cold lizard (e.g. one moving 
toward a basking site shortly after morning 
emergence) would have little chance of reaching 
safety if confronted by a predator. In contrast, 
even a cold A. sinaita or S. stellio could easily 
reach the safety of a nearby crevice or boulder. 

Laboratory studies of defensive behaviours 
usually attempt to control physiological vari- 
ables rather than to study their importance. As 
a result, relationships between defensive response 
and physiological capacities (Bennett & Licht 
1974; Bennett 1980) or states have been inad- 
equately explored (Edmunds 1974; Wilson 1975). 
Evidence in the literature suggests, however, 
that the influence of physiological variables on 
defensive responses is widespread, at least in 
ectotherms. G a n s &  Mendelssohn (1972) re- 
marked that the defensive behaviour of horned 
vipers (Bitis caudalis) appears to vary with body 
temperature. Rand (1964) identified a tempera- 
ture-dependent, quantitative shift in flight 
distance in the iguanid lizard, Anolis lineatopus. 
Degree of fatigue is also thought to influence 
defensive behaviours in some snakes (Gans & 
Mendelssohn 1972; Pough 1978) and in some 
other agamid lizards (Andersen 1963; Heatwole 
1970). 

These prior studies and our present results 
suggest that physiological variables (e.g. body 
temperature, fatigue, gravidity, injury, illness) 
that affect locomotor ability may routinely 
interact with defensive repertoires of animals. 
Consequently, a full appreciation of the dyna- 
mics of animal defence may remain elusive unless 
physiological variables are routinely incorpor- 
ated into the design of future experiments. 

Acknowledgments 
We gratefully acknowledge the financial support 
of the National Science Foundation (DEB 78- 
12024), the Spivack Fund and Research and 
Travel Fund of Barnard College, the Graduate 
School Research Fund of the University of 
Washington, and the United States-Israel 
Binational Science Foundation (BSF, Jerusalem, 
Israel). We thank A. F. Bennett, R. K. Colwell, 
C. Guns, E. Fischer, H. W. Greene, A. M. 
Hawkins, J. H. Hoofien, H. Mendelssohn, S. M. 
Moody, J. A. Nelson, R. C. Snyder, R. D. 
Stevenson, and C. R. Tracy for assistance, and 
M. Slatkin for unsolicited titular advice. 



HERTZ ET AL.: TEMPERATURE-DEPENDENT DEFENCES 679 

R E F E R E N C E S  
Andersen, S. C. 1963. Amphibians and reptiles from Iran. 

Proc. Calif. Acad. Sci., 31, 417-498. 
Bartholomew, G. A. 1977. Body temperature and energy 

metabolism. In: Animal Physiology: Principles and 
Adaptations (Ed. by M. S. Gordon), pp. 364-449. 
New York: Macmillan. 

Bennett, A. F. 1980. The thermal dependence of be- 
havioural performance in small lizards. Anita. 
Behav., 28, 752-762. 

Bennett, A. F. & Liebt, P. 1974. Anaerobic metabolism 
during activity in amphibians. Comp. Biochem. 
Physiol., 48A, 319-327. 

Christian, K. A. & Tracy, C. R. 1981. The effect of the 
thermal environment on the ability of hatchling 
Galapagos land iguanas to avoid predation dnring 
dispersal. Oecologia, 49, 218-223. 

Edmunds, M. 1974. Defense in Animals: A Survey of 
Anti-predator Defenses. Harlow: Longman. 

Flowers, S. S. 1933. Notes on the recent reptiles and 
amphibians of Egypt, with a list of the species 
recorded from that kingdom. Proc. Zool. Soc., 
Lond., 1933, 735-851. 

Gans, C. & Mendelssohn, H. 1972. Sidewinding and 
jumping progression of vipers. In: Toxins of 
Animal and Plant Origin (Ed. by A. deVries & 
E. Kochva), pp. 17-38. London: Gordon and 
Breach. 

Gorman,  G. C. & Schochat, D. 1972. A taxonomic 
interpretation of chromosomal and electrophoretic 
data on the agamid lizards of Israel. Herpetologica, 
28, 106-112. 

Heatwole, H. 1970. Thermal ecology of the desert dragon, 
Amphibolurus inermis. Ecol. Monogr., 40, 425---457. 

Hertz, P. E. & Nevo, E. 1982. Thermal biology of four 
Israeli agamid lizards in early summer. Isr. J. Zool., 
in press. 

Huey, R. B. 1982. Temperature, physiology, and the 
ecology of reptiles. In: Biology of the Reptilia, 
Vol. 12 (Ed. by C. Gans & F. H. Pough), in press. 
New York: Academic Press. 

Huey, R. B., Schneider, W., Erie, G. L. & Stevenson, R. 
D. 1982. A field portable racetrack for measuring 
acceleration and velocity in small cursorial animals. 
Experientia, in press. 

Mertens, R. 1960. The Worm of Amphibians and Reptiles. 
New York: McGraw-Hill. 

Moody, S. M. 1980. Phylogenetic and historical bio- 
geographical relationships of the genera in the 
family Agamidae (Reptilia: Lacertilia). Ph.D. 
thesis, University of Michigan, Ann Arbor. 

Pough, F. H. 1978. Ontogenetic changes in endurance in 
water snakes (Natrix sipedon): physiological corre- 
lates and ecological consequences. Copeia, 1978, 
69-75. 

Rand, A. S. 1964. Inverse relationship between tempera- 
ture and shyness in the lizard Anolis lineatopus. 
Ecology, 45, 863-864. 

Tracy, C. R. 1978. Further thoughts on anuran ther- 
moregulation. In: The Behavioral Significance of 
Color (Ed. by E. H. Burtt), pp. 63-68. New York: 
Garland. 

Webb, P. W. 1978. Temperature effects on acceleration of 
rainbow trout, Salmo gairdneri. J. Fish. Res. Bd 
Can., 35, 1417-1422. 

Wilson, E. O. 1975. Sociobiology: The New Synthesis. 
Cambridge, Mass. : Harvard University Press. 

(Received 17 September 1981 ; revised 16 November 1981 ; 
MS. number: A2720) 


