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Abstract--When heated radiantly, head-body temperature gradients developed in both live and dead 
Tiliqua scincoides. The gradients were consistently larger in live than in dead individuals, indicating 
they were enhanced by a physiological component superimposed on the more basic physical com- 
ponents. Large gradients in the initial phases of heating represented a lag effect, the head core beginning 
to receive heat before the body core because it is closer to the heated surface. Once this lag effect 
subsided, the body heated more rapidly than the head because it presented a greater incident surface 
area per unit mass than did the head. Living lizards appeared to maintain head-body temperature 
differences until the maximum voluntary temperature was approached. 

I N T R O D U C T I O N  

MANY studies have shown that reptiles exert consider- 
able control over the net rate of flow of thermal 
energy between their bodies and the environment (see 
reviews by Templeton, 1970 and Heatwole, 1976) but 
to what degree they can control heat distribution 
within their bodies is far from clear. The many impli- 
cations of reptiles being able to utilize thermal gra- 
dients, in particular to regulate head temperature in- 
dependently of body temperature, have led to a series 
of studies which have examined these gradients in 
lizards (Heath, 1964; Johnson, 1972; Webb et al., 
1972; Spray & Belkin, 1973; Pough & McFarland, 
1976; Crawford et al., 1977), snakes (Webb & Heat- 
wole, 1971; Johnson, 1973, 1975; Hammerson, 1977) 
turtles (Riedesel et al., 1971 ; Webb & Johnson, 1972) 
and crocodilians (Johnson, 1974). Unfortunately, 
these studies have seldom been able to demonstrate 
the degree to which the head-body temperature dif- 
ferences can be physiologically controlled. 

The present study was designed to determine the 
magnitude of head-body temperature gradients which 
developed in blue-tongued lizards (Tiliqua scincoides) 
subjected to uniform radiant heating. By comparing 
individuals when both alive and dead, it was possible 
to determine the degree to which the gradients were 
the result of physical and/or physiological processes. 
An attempt was also made to determine the degree 
to which the gradients could be considered as being 
physiologically "controlled". 

MATERIALS AND METHODS 
Four Tiliqua scineoides captured in the vicinity of Mel- 

bourne, Victoria, were obtained from an animal dealer. 
They were housed in an open enclosure on the roof of 
the Biological Sciences Building, University of Queensland, 
and maintained on a diet of banana, land snails, new-born 
mice and canned dog food. Until sacrificed, the specimens 
appeared healthy. 

To restrict head and trunk movements during experi- 
ments, each lizard was strapped to a board with a narrow 
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strip of clear, adhesive, cellophane tape across the base 
of the tail and just anterior to the front legs. Temperatures 
were measured with thermocouples (48 s.w.g, copper/con- 
stantan), the voltages being amplified with a Rikadenki 
Kogyo d.c. Microvoltmeter (model AI0) and recorded on 
a monopen chart recorder of the same brand (model B-I); 
an ice bath supplied the reference temperature. The equip- 
ment was calibrated against a mercury thermometer and 
the absolute accuracy of stated temperatures is +0.5 deg 
C (discrimination between any two thermocouples was 
-t-0.5 deg C). The rectal probe was inserted via the cloaca 
so that the junction was approx 6 cm from the cloaca and 
1.8 cm below the dorsal surface; a thin rod was used to 
position the probe. For the head probe, a hole was drilled 
through the skull where the second and third supraoccu- 

"lars met the right fronto-parietal. The thermocouple was 
inserted such that the junction was 0.85 cm from the dorsal 
surface of the head; it lay in contact with the optic blood 
sinus. The probe was secured in place with a drop of resin. 

Each trial was started by placing an implanted, re- 
strained lizard in a refrigerator, and allowing it to cool 
to the desired initial temperatures (T ° and T°; Table I). 
When the head and body temperatures were within 0.5 deg 
C of each other and at the desired magnitude, the lizard 
was removed from the refrigerator and positioned 30 cm 
below a horizontally oriented 1000 W bar radiator, which 
effected radiation of approximately equal intensity along 
the lizard's length. When the radiator was switched on, 
head and body temperatures were recorded alternately for 
2 rain intervals until the Maximum Voluntary Temperature 
(MVT; Rubial, 1961; Ballinger et al., 1970) was reached, 
i.e. the first intense struggles, but see results. The same 
procedure was used for dead lizards, except that they were 
heated until their temperatures exceeded the range of 
MVT's of the live lizards (Table 1). The lizards were killed 
by cooling to the lethal minimum because it was felt that 
injection of liquid agents may have altered the physical 
conditions of heating. 

To determine the effect of initial temperature on the 
bead-body temperature gradients, one lizard was heated 
six times with the same radiant heat load, but from a range 
of initial temperatures (5-18°C). The lizard was allowed 
time between consecutive beatings to make good its water 
loss. Unfortunately, dehydration precluded repeated heat- 
ing of dead lizards. 
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Table 1. Results of uniform radiant heating of a restrained Tiliqua scim'oides specimen. 

O 
LIZARD T~ Tb ATmax T MVT T~ Z;  

1 alive 4.9 5.i 5.9 27.5 34.1 0.84 l.ll 
(min i0) (min 21) 

1 alive 8.1 8.0 4.1 23.0 32.4 0.92 1.29 
(min 8) (min 14) 

1 dead 7.5 7.5 3.5 22.7 0.81 1.!3 
(min 4) (min 12) 

2 alive 7.5 6.5 5.4 33.4 33.2 0.71 1.01 
(min 9) (min 31) 

2 dead 3.9 4.0 4.3 20.7 - 0.67 I.ii 
(min 6) (min 16) 

3 alive 6.0 6.0 7.3 33.5 33.7 

(min ii) (min 34) 

3 alive 7.1 7.1 8.4 35.4 34.2 
(min i0) (min 36) 

3 alive 9.4 9.4 6.6 37.3 36.4 
(min 8) (min 28) 

3 alive 11.6 11.6 4.7 34.3 34.9 

(min 8) (min 20) 

3 alive 16.2 16.2 2.8 35.5 34.2 
(min 4) (min 21) 

3 alive 17.8 17.7 2.3 35.3 34.4" 

(min 7) (min 21) 

3 dead 5.6 5.6 4.5 23.7 - 

(min 8) (min 18) 

0.64 0.95 

0.72 1.15 

T°--initial head temperature; T°--initial body temperature; AT~- -max imum head- 
body temperature difference reached; T,--value at which head and body temperatures 
became equal; MVT--temperature at the onset of violent struggling; T~,, T~,--average 
rates of increase in head and body temperatures, respectively. Numbers in parentheses 
represent minutes of heating before the temperature immediately above was reached. 
Temperatures--°C; rates of heating estimated subsequent to ATmaxbeing reached--°C;min. 

The relative incident areas of both the head and body 
were estimated for lizards 2, 3 and 4 by photographing 
each lizard from the direction of the incoming radiation 
received during the experiments. The images of the head 
(including the neck) and body were cut from the prints 
and separately weighed. The ratio of these weights very 
nearly equals the ratio of incident areas for both the head 
and body and thus could be used to compare the amount 
of radiation falling on both regions. Differences in the cur- 
vature of the dorsal surface of the head and body do not 
alter the respective incident areas, which are normal to 
the direction of incoming radiation. 

The total surface areas of the head and body of lizard 
4 were estimated after death by applying a paint-on-peel- 
off cosmetic coating (Helena Rubenstein 2239D) to the 
entire surface, and removing it in roughly planar sections 
when it was completely dry; these were laid on graph 
paper and the areas estimated by counting the enclosed 
squares. 

A Siemans Cardiomat (model T) was used to monitor 
the heart rate of lizard 3 during two hearings. 

RESULTS 

1. A physical basis for head-body temperature gra- 
dients 

Dead lizards typically heated as shown in Fig. 1A. 
with substantial  head -body  temperature  differences 
occurring (ATmax in Table 1). The head core began 
heating before the body core, which merely reflects the 
differing depths of the head and body probes below 
the surface receiving radiat ion (0.85 cm and 1.8 cm re- 
spectively), with the shallower head probe receiving 
heat via conduct ion before the rectal probe. Once this 
initial effect subsided, body temperature  rose in all 
cases more rapidly than head temperature  (T~, > T~, 
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Fig. 1. Head temperature and body temperature plotted against time for a Tiliqua scincoides specimen 
during radiant heating from above. "A" depicts the healing curves for the specimen when dead; "B" 

when alive. The horizontal bars represent measurement of body temperature. 

in Table 1), a result consistent with predictions that 
can be made from the incident area to mass ratios 
(Table 2). The body heated faster, principally because 
it presented a greater incident area per unit mass to 
the incoming radiation than did the head. The differ- 
ences in heating rates of the head and body are not 
fully accounted for by the differences in incident area 
to mass (C ~ D in Table 2) which suggests that other 
physical parameters are also not equivalent for head 
and body (e.g. absorptivity, emissitivity, specific 
heat, conductivity, convection and evaporation--see 
Spotila et al., 1972). 

Total surface areas of the head and the body of 
lizard 4 were 58 cm 2 and 227 cm 2 respectively, with 
respective weights of 38 g and 156 g. Heat uptake dur- 
ing radiant heating depends on the area receiving 
radiation, whereas heat uptake during convective 
heating is roughly proportional to total surface area. 
Quite different heating curves would result if convec- 
tive heating was used since unlike incident area, total 
surface area per unit mass was not significantly differ- 
ent for head and body (1.53 cmZ/g and 1.46em2/g re- 
spectively); this indicated that results of experiments 
using different heating methods cannot be readily 
compared. 

The curvature of the head and body heating traces 
(after the initial effect) for both live and dead lizards 
(Figs. 1A and B) probably reflects a gradual reduction 
in the temperature difference between the core and 
the irradiated surfaces, as core temperatures rise; the 
temperature of the irradiated surfaces equilibrate at 
a relatively high value soon after heating commences 
(see Heath, 1964). There is also a continuous decrease 
in the uptake of heat by the non-irradiated surfaces 
of the lizard (i.e. convective heat uptake) which when 
lizard temperature surpasses air temperature, 
becomes a source of heat loss. This source of heat 
exchange is dependent on total surface area minus 
incident area. 

2. A physiological contribution to head-body tempera- 
ture gradients 

Typically, the pattern of heating in live lizards 
(Fig. 1 B) was considerably different from that in dead 
ones. Maximum head-body temperature differences 
were of greater magnitude and occurred after more 
minutes of heating in the live lizards even though 
heating was started at the same temperature when 
they were both alive and dead (Table 1). Transport 
of heat from the hotter head to the cooler body by 
the circulatory system must significantly hinder the 
development of head-body temperature differences in 
live lizards----despite this, the gradients which devel- 
oped in live lizards were larger than those which 
developed in the same lizards when dead. This indi- 
cates a physiological contribution to head-body tem- 
perature gradients in T. scincoides. 

Table 2. Values of some physical parameters related to 
the heating rates of the head and body of Tiliqua 

scincoides. 

LIZARD A B C D Wt 

1 . . . .  197g 

2 4.27 6.23 1.46 1.66 258g 

3 4.68 5.76 1.23 1.60 205g 

4 4.12 5.71 1.39 - 196g 

A--the ratio of the mass of the body to the mass of 
the head; B--the corresponding ratio for incident area; 
C--the corresponding ratio for incident area to mass; 
D--the corresponding ratio for observed rates of heating; 
Wt--total weight. 
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Fig. 2. Head-body temperature difference plotted against body' temperature for repetitive beatings 
of a Tiliqua scincoides specimen from a range of initial temperatures. Solid lines represent heating 
while the lizard was alive: the broken line represents heating of the dead lizard. The vertical bar 
represents the mean MVT: the horizontal bar, the total range of MVT values and the box encloses 

one standard deviation of the MVT values. 
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3. Physiological control of head-body temperature 9ra- 
dients 

During heating, the lizards remained virtually 
motionless until an obvious and determined attempt 
to escape was made. The latter behaviour occurred 
within a narrow range of temperatures and its onset 
is taken to indicate the Maximum Voluntary Tem- 
perature (MVT) (Ruibal, 1961; Ballinger et al., 1970). 
Using this estimate, lizard 3 had a mean MVT of 
34.6°C (SD = 0.95, n = 6). 

Figure 2 depicts a series of six trials (lizard 3) each 
with a different initial temperature. Low initial tem- 
peratures generally resulted in large head-body tem- 
perature differences, but more importantly, a positive 
head-body temperature difference was always main- 
tained in the live lizard, but not in the dead one, 
until a narrow range of internal temperatures was 
reached. This range (X = 35.2°C, SD = 1.28; head 
and body temperatures equalized) overlaps the 
MVT's for lizard 3 which strongly suggests that in 
living lizards a mechanism operates to enhance head- 
body temperature gradients until the MVT is 
approached. The mechanism does not involve sudden 
adjustment of heart rate, and it was not possible to 
determine whether the mechanism resulted in adjust- 
ment of head temperature or body temperature or 
both. 

In one heating of lizard 1, the heating pattern of 
the live lizard was similar to that produced when it 
was dead, the head being 2.0°C cooler than the body 
at MVT. The significance of this exception is un- 

known, though it may suggest the mechanisms which 
regulate head-body temperature gradients are not 
strictly obligatory. 

D I S C U S S I O N  

Head-body temperature gradients in reptiles are 
known to be influenced by exposure of the head and 
body to different microclimates (De Witt, 1967), and 
many reptiles make use of this by adopting appro- 
priate behavioural orientation during basking (Heath, 
1964; Webb & Johnson, 1972; Hammerson, 1977; 
Webb, 1978). Physiological control, as opposed to be- 
havioural control of the gradients, is more difficult 
to demonstrate, nevertheless possible mechanisms 
have been proposed (Heath, 1964, 1966; Webb, 1972; 
Crawford et al., 1977). In contrast to these studies, 
Pough & McFarland (1976) reported that the magni- 
tude of head-body temperature gradients in Iguana 
iguana was consistently greater in dead than in live 
lizards; they concluded that the gradients could result 
from physical factors alone and b~independent of 
the animals control. The results of the ]aresent study 
support the contention that physical factors play an 
important role, but the fact that the gradients in the 
live T. scincoides were consistently larger than those 
in the dead one indicates a substantial physiological 
component superimposed on the more basic physical 
components. Reasons for the lack of agreement 
between Pough & McFarland's (1976) results and 
those presented here are unknown but possibly reflect 



Head-body temperature differences 

the different heating methods (see also Voigt & John- 
son, 1977) and/or different ratios in the exposed sur- 
face areas of the head and body in the two species. 

The apparent control of head-body temperature 
gradients demonstrated by the T. scincoides individual 
which was repeatedly heated from different initial 
temperatures (Fig. 2) is particularly interesting. It did 
not seem to be brought about by sudden increases 
in heart rate (though stroke volume changes could 
have increased cardiac output), and there were no 
sudden changes in the heating rates of either the head 
or body. Eyebulging, which would indicate the use 
of cephalic shunts (Heath, 1964, 1966), was also not 
observed so the mechanism of control remains essen- 
tially obscure. 

Given the range of initial temperatures used in the 
present study (5-18°C), and the fact that the heating 
was radiant from above, it may well be that the pat- 
tern of heating demonstrated in Fig. 2 characterizes 
many heliothermic lizards when they are basking. The 
magnitude of the head-body temperature gradient 
could represent largely the physical and behavioural 
characteristics of the lizard within its thermal en- 
vironment, but coupled also, in many lizard species, 
with a tendency to enhance the gradient until the 
MVT is reached. 

In general, the results of the present study support 
the conclusions of Pough & McFarland (1976), that 
head-body temperature gradients per se are of little 
value to an understanding of reptilian thermoregula- 
tion unless presented in the context of the physical 
factors which have contributed to their occurrence. 
In addition, however, it has been shown that substan- 
tial head-body temperature gradients do occur during 
heating, which means that considerable error can be 
introduced in experiments which attempt to precisely 
relate phenomenon of neural temperature dependence 
such as Critical Thermal Maximum to body tempera- 
ture (see Webb & Witten, 1973). 
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