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Summary
We conducted this study to determine whether two of the animals was left undisturbed in the thermal gradient for
physiological changes associated with non-sustainable 24h. Animals in all experimental groups were returned to
exercise, elevated blood lactate levels and decreasedthe thermal gradient, and their cloacal temperatures were

arterial pH, contribute to the behavioral hypothermia
exhibited by exhausted lizards Dipsosaurus dorsati were
placed in a thermal gradient and their body temperatures
were recorded from 08:00 to 14:0h. At 14:00h, animals
were subjected to different experimental regimens. In the
exercise (E) regimen, animals at @°C were forced to
exercise maximally for5min on a treadmill. In the lactate
(L) regimen, animals were infused with 1Bmlkg™ of
250-5@mmol |71 sodium lactate. In the osmolarity control
(O) regimen, animals were injected with 1B5mlkg™ of
500mmol I71 NaCl, and in the injection control (I) regimen,
animals were injected with 115mlkg= of 150mmol -1
NaCl. In the hypercapnia (H) regimen, the thermal
gradient was flushed with a gas mixture containing 0%
CO2, 21% Oz and 89% N3, a treatment that lowers the
arterial pH of D. dorsals to a value comparable with that

monitored until 08:00h the following morning. The mean
cloacal temperature of E animals underwent a significant
decrease of 4%#°C, relative to control animals, which
persisted for7h. The mean cloacal temperatures of animals
subjected to2h of regimen H also decreased by 3.8°C
and remained depressed for 2h following the beginning of
the treatment. L, O and | animals did not undergo a
significant change in body temperature following treatment,
and their mean body temperatures did not differ from those
of C animals at any time during the experiment. The results
of this study suggest that the metabolic acidosis, but not the
elevated blood lactate level, that follows exhausting exercise
might play a role in the behavioral hypothermia that follows
exhausting exercise irD. dorsalis

Key words: lizard Pipsosaurus dorsalisacidosis, lactate, behavior,

imposed by exhaustive exercise. A group of control (C) hypothermia, exercise.

Introduction

Both thermoregulatory behavior and exhaustive exercispreferred activity temperature range of 38®%>@ while they
play important roles in the life history of lizards. As anare recovering from exhaustive exercise (Wagner and Gleeson,
ectotherm, a lizard must use behavioral means to maintain it997a). There is no evidence that this change in
body temperature within its preferred activity range (Bennettthermoregulatory behavior serves to enhance any aspect of
1980; Bartholomew, 1982; Huey, 1982). Ectothermy als@xercise recovery and, in fact, it might have deleterious effects
appears to place limits on an animal’s ability to utilize aerobion some aspects of recovery (Wagner and Gleeson, 1997a,b).
metabolism to support vigorous activity (Bennett, 1978; Else The results of our previous studies (Wagner and Gleeson,
and Hulbert, 1985). Escape from predators, foraging for food997a,b) raise the question of why exhaufediorsals in a
and agonistic encounters frequently result in exhaustion ithermal gradient do not maintain their preferred activity body
lizards (Gleeson, 1980; Bennett et al., 1981; Pough an@mperature. One possible explanation is that one or more of the
Andrews, 1985). Because exhaustion is a frequenthysiological changes that occur as a consequence of exhaustive
consequence of activity in these animals, and because activiéxercise serves as a signal for these animals to alter their
metabolism is thermally sensitive (Bennett, 1980; John-Aldethermoregulatory behavior. Although such a change in behavior
and Bennett, 1981; Bennett and John-Alder, 1984; Autumn ebay not be adaptive in the context of exercise recovery, it may
al., 1994), the interactions between exercise recovery armk part of a suite of adaptations to physiological stresses that
thermoregulatory behavior are potentially of great significanceshare some of the same characteristics as exhaustion.

Previous work has indicated tHaipsosaurus dorsadiwill Work carried out in other laboratories suggests that elevated
select a body temperature that is significantly cooler than thelilood lactate concentrations and decreased arterial pH will alter



326 E. L. WAGNER, D. A. SSHOLNICK AND T. T. GLEESON

the thermoregulatory behavior of to&ifo marinusnd of crabs  thermocouple was inserted 1cm into the cloaca of each
Carcinus maenafBranco and Wood, 1994; Portner et al., 1994;experimental animal at least 12 h prior to the beginning of data
De Wachter et al., 1997). It has been known for some time thabllection. The probe was held in place by two thin bands of
hypoxia will cause ectothermic vertebrates, including lizards, ttape around the animal’s tail. A Macintosh computer was
lower temporarily their preferred body temperature (Woodinterfaced with the thermocouple prolvéa Maclab data-
1991). Branco and Wood (1994) and Portner et al. (1994cquisition hardware and software to sample body temperature
hypothesized that elevated blood lactate levels and depressdmta every 30s. The thermocouple leads were suspended above
arterial pH might serve as a sort of metabolic alarm for hypoxithe gradient by a ring and allowed to slide back and forth on
animals to lower their energetic demands by lowering their bodg wire as the animal moved around.
temperatures. It is possible that elevated blood lactate levels and
depressed arterial pH could trigger a similar change in Experimental manipulations
thermoregulatory behavior in animals that are not hypoxic. Data collection always started at 08:00h on the day of
The experiment described here was designed to test tlegperimentation. To provide data on the normal
hypothesis that elevated blood lactate levels and depressemrmoregulatory pattern of undisturbed animals, control (C)
arterial pH are capable of triggering a decrease in an animaksimals N=6) were placed singly in the thermal gradient and
preferred body temperature. We atrtificially elevated the blooteft undisturbed for 24 h. Previous work performed in our
lactate concentrations of non-exercigedlorsalisby infusing  laboratory (Wagner and Gleeson, 1997a and unpublished
sodium lactate or depressed the blood pH by elevating bloazbservations) indicates that simply removing an animal from
Pco, so that blood lactate concentrations or arterial pH weréhe thermal gradient and handling it does not result in a
similar to those of exhausted animals. We allowed animals tsignificant change in body temperature, so all experimental
‘recover’ from these manipulations in a thermal gradient in théody temperature data were compared with those of group C
laboratory while we monitored their body temperatures. Thanimals in the present study. All experimental manipulations
results of this experiment suggest that, although the effect adok place between 14:00 and 14:30 h. At exactly 14:00 h, the
an artificially elevated blood lactate level is smallbn  thermocouple was gently removed from the animals in each of
dorsalis acidosis appears to play a greater role in the alteretie other experimental groups. The animals were quickly
thermoregulatory behavior observed in exhauBtedorsalis  transported to our laboratory (transit time less than 1 min) and
placed in a darkened box in a temperature-controlled cabinet
Materials and methods at 40 °C for 20 min. Following this 20 min acclimation period,
experimental animals were subjected to one of four
experimental regimens.
For the exhaustive exercise experiment (group E), the animals
=6) were forced to exercise to exhaustion on the treadmill
rface between 14:20 and 14:25h (for details of this exercise
rotocol, see Wagner and Gleeson, 1996). Following exercise,
ach E animal was quickly transported back to the thermal
gradient and monitored until 08:00 h the following morning.

Research animals

We collectedDipsosaurus dorsali§Biard and Giard) from a
site near Cathedral City, California, USA, under a California Fis
and Game Permit. Animals were segregated by gender a’ga
housed in groups of 4-12 in galvanized steel tub
(0.75mx1.5nx7.5m). Animals had access to heat lamps for 24
per day, and water was providad libitum Lettuce sprinkled
with powdered rat chow was provided twice a week, but foo For the lactate experiment (group L), each anin\i6]
was always withheld for 5—7 days prior to experimentation. Thi?eceived an infusion of 11.5mlk{:b,ody mass of a
study utilized adult male animals, ranging in mass from 45 t 50-500 mmoH! sodium lactate solution (mean 375 mnd) |

85g. Any animals that lost weight or otherwise appeared IIIWerl‘?‘ltO its abdominal vein. This infusion regimen resulted in

excluded from the study. A University Animal Care and Useolﬁod lactate concentrations ranging from 9.3 to 36.5 nrhol |

Clijmm|utale and ar(]:am;ius \I/etennanan approved and SUPEVISElase values effectively bracketed the range of blood lactate
all ahimaf research profocois. concentrations measured . dorsalis following 5min of
Thermal gradient exhaustive exercise at 40°C (Gleeson and Dalessio, 1989;

The thermal gradient was constructed in a fiberglass tanf/agner and Gleeson, 1996). _ o
(1.5mx0.5mx0.5m) and placed in a quiet room in the animal .To contrql for the effects of handllng stress and _|nfu3|on
care facility of the department. The bottom of the tank wadvith a relatively large volume of experimental solution, the
covered with 5cm of sand, and two or three thermostattelird experimental group of animalsi%6), designated as the
aquarium heaters were buried 1 cm beneath the sand surfacdnigction controls (I), was removed from the thermal gradient,
provide a thermal gradient ranging from 25 to 50°C. A 75WAs described above, and injected with 11.5mtiaf an iso-
incandescent bulb, suspended 1m above the middle of tR§Motic saline solution (150mmot). Following  this
gradient, provided light for 24 h per day for the duration of thdreatment, each animal was replaced in the thermal gradient

experiment. Water was available in the gradahtibitum and its body temperature was monitored until 08:00h the
following morning.
Body temperature measurement To control for the hyperosmotic nature of the lactate

An 18 gauge, siliconized, lubricated copper—constantasolution, we subjected a group of seven animals to a
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hyperosmotic saline infusion (11.5mMgof 500 mmoltl  approximately 600 mImirt. Blood was collected from each

NaCl). These animals are referred to in the text as the osmotnimal following 30 min of this treatment. Following 30 min,

(O) control animals. Following this treatment, each animal wasoom air was forced through the tube at the same flow rate for

returned to the gradient and its temperature was monitored @8 min, and an additional sample of blood was obtained. The

described above. arterial pH of each of these samples was determined as
We initially attempted to lower the arterial pH of our described above.

experimental animals by infusing them with lactic acid solution, Four cannulated animals were injected with 11.5 mtkd

in the manner described by Mitchell and Gleeson (1985) fo500 mmolt!l sodium lactate and placed in a temperature-

Varanus salvatar D. dorsalis however, respond to this controlled cabinet at 40 °C. Following 30 min of recovery from

treatment by undergoing severe, and often fatal, convulsionghis regimen, arterial blood samples were obtained, as

Variations in the volume, concentration and duration of the lactidescribed above, and blood pH data were obtained.

acid injection did not alter this response, so we lowered the

arterial pH of our animals by forcing them to breathe normoxic, Statistical analysis

hypercapnic air. In the hypercapnia experiment (H), the animals A repeated-measures analysis of variance (ANOVA) was

(N=7) were removed from the thermal gradient at 14:00h anderformed on each experimental group to determine whether

brought to our laboratory so that they would experience a simildhe mean body temperature of animals subjected to each

level of disturbance to that of animals in the E group. Theseegimen changed relative to that of control animals before or

animals remained in a temperature-controlled cabinet at 40 °&fter experimental treatment. If the mean body temperature of

until 14:25h. For this portion of the experiment, the thermahn experimental group differed significantly from that of the

gradient was covered with clear plastic sheeting (1 MIL) andontrol group following treatment, a factorial ANOVA

flooded with hypercapnic gas at a flow rate of 7 [fhifthis gas  (Fisher’'s PLSD for multiple comparisons) was performed to

was mixed so that it was composed of 10% 0% G and  determine the specific post-treatment time increments in which

69 % No. This procedure took approximately 10 min. At 14:35 h,experimentals and controls differed.

these animals were returned to the thermal gradient and their

body temperatures were monitored until 08:00h the next

morning. Because preliminary data suggested that exhaustively Results

exercised animals alter their thermoregulatory behavior most Animals subjected to the undisturbed control regimen (C)

dramatically for the first 2—4 h of recovery, we changed the gadid not exhibit a significant alteration in their thermoregulatory

mixture flowing into the thermal gradient so that room air (21 %ehavior at any time during the 24h monitoring period

Oz, 0.04 % CQ) would begin to replace the hypercapnic mixture(P=0.945, repeated-measures ANOVA). The mean pre-

in the gradient at 16:30h. exercise body temperature did not differ significantly from that
of the control (C) animals for any of the experimental treatment
Effects of experimental treatments on blood pH groups P values ranged from 0.415 to 0.873).

To compare the effects of hypercapnic acidosis with those of The mean body temperature of the E animals differed
metabolic acidosis resulting from exercise, we anaesthetized fosignificantly from that of the C animals following treatment
animals with Halothane and surgically implanted cannulas int@P=0.009). The mean body temperature of animals forced to
their left carotid artery. Following a recovery period of at leasexercise to exhaustion decreased by more than 5°C after the
24 h, each animal was placed in a temperature-controlled cabirfast 30 min of recovery and remained 4-7 °C lower than that
at 40°C and left there undisturbed for at least 4 h. Following thisf control animals for 4.5h following exercise (Fig. 1). The
acclimation period, each animal was placed on the surface ofnraean body temperature of E animals was significantly lower
motor-driven treadmill at 40°C and forced to run for 5min aghan that of C animals between 13:00 and 17:00 h (0.5-4.5h of
described previously (Wagner and Gleeson, 1996). A blootecovery), and between 18:00 and 20:00h (5.5-7.5h of
sample was then obtained from the carotid cannula and placescovery) (Table 1). These results confirmed that exhaustive
into a 7Qul heparinized microcap tube. Each animal was replaceéxercise results in a temporary, but significant, decrease in
in the temperature-controlled cabinet at 40°C and allowed tpreferred body temperature, as has been demonstrated
recover for 60min. A 20cm extension was placed on the end gireviously (Wagner and Gleeson, 1997a).
the cannula and threaded through a hole in the animal’'s chambeiinjection with lactate (L) did not result in a change in mean
so that additional samples could be obtained after 30min gfost-treatment body temperature that differed significantly
recovery without disturbing the animal further. The pH of eaclirom corresponding control values (Fig.R”20.133, repeated-
arterial blood sample was immediately measured using a BMS8easures ANOVA). Injection with iso-osmotic (I) and
Mk2 Blood Micro System radiometer. hyperosmotic (O) NaCl solutions also failed have a significant

To assess the effects of prolonged exposure to 10 %0680 effect on the mean post-treatment body temperaturB. of
arterial blood pH, four animals were surgically cannulated, adorsalisrelative to that of the C animals (Fig.B+0.437 for
described above, and placed in a 600 ml flow-through tube ih animals andP=0.168 for O animals, repeated-measures
a temperature-controlled cabinet at 40°C. An air mixturéANOVA).
containing 10% C®was forced through the tube at a rate of Exposure to a hypercapnic gas mixture (10 %,2% Q
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Fig. 1. Mean body temperaturesRipsosaurus dorsali@N=6) forced  Fig. 2. The effects of injection with 11.5ml¥gof 375mmoltl

to exercise maximally (group E) (filled circles) for 5min betweenlactate (group L; filled circlesN=6) on the thermoregulatory
14:00 and 14:30h. The body temperature of E animals decreasbehavior ofDipsosaurus dorsalisThe body temperature of the L
significantly  following exercise R=0.011, repeated-measures animals did not change significantly at any point before or after
ANOVA), while the mean body temperature of control animisitss( injection (P=0.124, repeated-measures ANOVA). The mean body
open circles) did not change significantly at any point during the 24 temperatures of L animals did not differ significantly from those of
observation periodR=0.367, repeated-measures ANOVA). Asteriskscontrol animals (group CN=6, open circles) at any time period
indicate the times at which the mean body temperature of E animg(P>0.05, factorial ANOVA). Values are means.£.M.

differed significantly from those of control animals (group C;

P=<0.05, factorial ANOVA). Values are means.£.M.

produced by exercise. Thus, it is unlikely that lactate by itself
serves as the metabolic ‘trigger’ that causes the behavioral
and 69% N) for 2h caused the mean post-treatment bodyypothermia occurring in exhauste®. dorsalis The
temperature of H animals to differ significantly from that of C
animals P=0.033, repeated-measures ANOVA). The H
animals began to cool immediately upon the commenceme  Table 1.Statistical comparisons of post-treatment body
of the H treatment, and their body temperature ultimatel temperatures of E and H animals with C animals at each 1 h
dropped to a value that was 3.5-9°C cooler than th time increment during recovery
corresponding control temperature (Fig. 4). The mean bod Period of
temperature of H animals differed significantly from that of C recovery p-value for p-value for
animals from 14:30 to 21:00h and from 22:00 to 23:00t (h) E animals H animals
(Table 1). These times corresponded to the periods 0.5-8.t

and 9.5-10.5h following the beginning of the 2h treatmen 8_50_'?5 (())'(())313 %‘é%
with the hypercapnic gas mixture. 1:5_2:5 0:021 0:012
RestingD. dorsalisat 40 °C had a mean arterial pH of 7.45, 2535 0.006 0.025
a value similar to that observed by Snyder et al. (1995). Bot 35.45 0.042 0.019
exercise and exposure to hypercapnia resulted in a significe 4.5-55 0.176 0.079
reduction in the arterial pH of our animals (to a pH of 6.84 5.5-6.5 0.024 0.041
after exercise and to a pH of 7.02 after exposure t 6.5-7.5 0.047 0.010
hypercapnia; Table 2). Arterial pH returned to resting value 7.5-8.5 0.127 0.021
within 30 min of the cessation of exposure to the hypercapni 8.5-9.5 0.431 0.095
gas mixture, but blood pH was still depressed in animal 9.5-105 0.299 0.037
following 30 min of recovery from exercise. Infusion with a 10.5-11.5 0.302 0.113
500 mmolt1 sodium lactate solution had no effect on the 11.5-12.5 0.302 0.282
. . 12.5-13.5 0.226 0.319
arterial pH ofD. dorsalis(Table 2). 13.5-14.5 0.243 0.267
14.5-15.5 0.245 0.417
15.5-16.5 0.248 0.232
Discussion 16.6-17.5 0.298 0.220
The results of this study suggest that the lactate anion do
not trigger significant behavioral hypothermiaDn dorsalis Comparisons areia Fisher's PLSD for multiple comparisons.

when itis present in the blood at concentrations similar to thos Recovery begins at 14:30h.
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CO) on the thermoregulatory behavior Bipsosaurus dorsalis
(group H) The H animalsN&7, filled triangles) selected a body
temperature significantly lower than their mean initial temperature
for 3h following manipulation and a temperature cooler than that of
the control animals (group C) for most sampling periods up to 10.5h
1 following exposure B<0.031). Data for control animals (open
304 circles,N=7) are included for comparison. Values are measis. .
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Time of day (h) of the behavioral thermoregulation observed in the present

study. Apparently, the temporary change in thermal setpoint
Fig. 3. The effects of (A) 11.5mlIkg hyperosmotic (375 mmaot}) that is brought on by exhaustive exercise serves to override any
NaCl injection (group O) and (B) iso-osmotic (150mmélINaCl  generalized ‘fever response’ that can be elicited by handling,
injection (group 1) on the thermoregulatory behavioDgfsosaurus  surgery and light exercise itself (Cannon and Kluger, 1985;
dorsalis The body temperature of animals subjected to th8<J)Y  Cabanac and Gosselin, 1993).

and 1 (N=6) injections (filled circles in A and B) did not change  The response db. dorsalisto infusion of lactate appears to
significantly following treatmentR=0.0903 for the O animals and be less marked than that observed by Portner et al. (1994), who

P=0.5655 for the | animals, repeated-measures ANOVA). The bod . - .
temperatures of O and | animals did not differ significantly from}/Ound that hypoxic toad(fo marinuy decreased their mean

those of control animals (group C: open circles in A and B) at an{;ody temperature for several hours when injected with sodium

time point before or after treatmer®>0.05, factorial ANOVA). lactate, and by De Wachter et al. (1997), who found that
Values are meansse.Mm. normoxic shore crabsCarcinus maenys also selected

relatively cool microclimates when they were injected with a
lactate solution. Our animals showed a brief, but non-
observation that hypercapnia-induced acidosis producesgnificant, reduction in their body temperature in response to
behavioral hypothermia in normoxic, non-exhausted lizards
provides indirect evidence that the decline in arterial pH the
results from exercise does play a role in the alterer Table 2.The effects of exhaustive exercise, 10 % &1l

thermoregulatory pattern of exhaust@ddorsalis lactate injection on arterial pH iDipsosaurus dorsalis

The thermoregulatory behavior of the exhausted animal Regimen Arterial pH
examined in this study was similar to that of animals examine
previously, although the behavioral hypothermia persisted fc Rest ) 7.4520.028
longer in the present study (Wagner and Gleeson, 1997¢ Post-exercise . 6.84:0.007
Some specific details of the construction of the therme 30min of recovery from exercise 68

) o 30min of exposure to hypercapnia 7.02+x0%074

gradient and temperature monitoring were conducte' 34 min of recovery from hypercapnia 7.41+0.828
differently in the current study, the most notable difference 30 min post-lactate injection 7.438*

being that the animals in the previous study were subjected

surgical manipulation (Wagner and Gleeson, 1997a), while th Values are mean + &Em.; N=4, unless indicated otherwise.
animals in the present study were not. These differences *Denotes thaN=2.

experimental technique and/or seasonal variation i Different superscripts identify values that are significantly
thermoregulatory behavior may account for the longer duratiodifferent #<0.05, factorial ANOVA).
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infusion of lactate, but this reduction was similar to thatH* receptors and peripheraffeceptors, although the locations
resulting from infusion of concentrated NaCl. It is possible thaof the peripheral ion receptors have not yet been determined
a larger sample size would have yielded significant results fgBranco and Wood, 1994). If peripheral" Heceptors are
at least some of the post-injection times, but it is still clear thahvolved in the responses of these animals to metabolic acidosis,
the effect of the lactate anion on thermoregulatory behavior iwe would expect that an intravenous infusion of lactic acid
less marked than that of hypercapnia-induced acidosis amebuld result in a behavioral hypothermia indistinguishable from
exercise inD. dorsalis Portner et al. (1994) and De Wachter that brought on by hypercapnia. Results of such an experiment
et al. (1997) both cite their results as evidence that the lactasee not reported in the present manuscript because, unlike at
anion itself serves as a metabolic ‘alarm’ for hypoxic animal¢east two other lizard species (Mitchell and Gleeson, 1E85),
to lower their body temperatures in order to lower theidorsaliswill not tolerate infusion with acidic solutions (E. L.
metabolic demand for OHWhy D. dorsalisdo not respond to Wagner and T. T. Gleeson, unpublished observations), so
lactate infusion as strongly as do toads and crabs is not cleagpercapnia was the only means available of altering the arterial
although it is important to note that the toads used by Portne@H of our animals in a manner that was similar to the effects of
et al. (1994) were mildly hypoxic, while olr. dorsaliswere  exercise. It is important to note that the arterial pH of the animals
normoxic. The mechanism by which different species ofecovered much more rapidly from hypercapnia-induced
vertebrate and invertebrate detect elevations in blood lactabeidosis than from exercise-induced acidosis, but that the
levels are not well understood, although the existence of bothypothermic responses persisted for longer in the post-
peripheral and central chemoreceptors has been postulategpercapnic animals. This is interesting, because it suggests
(Portner et al., 1994; De Wachter et al., 1997). It is possibleither that the cerebral spinal acidosis may persist much longer
that different species of vertebrate possess differerthan the arterial acidosis or that the duration of the acidosis of
sensitivities to elevated lactate levels or that elevated lactatkese animals does not necessarily affect the duration of the
levels serve only as a metabolic ‘alarm’ in a synergistic fashiobehavioral response.
in D. dorsalis The present study has provided evidence that metabolic
The results of our infusion of NaCl solutions iftodorsalis  acidosis is likely to play a major role in the altered
indicated that handling these animals does not cause thisermoregulatory behavior observed in exhauBtedorsalis
species to alter its thermoregulatory behavior significantly. Norhe effect of the lactate anion appears to be much weaker in
did infusion with a lactate result in a change in arterial pHhis species. Other researchers have found that both hypoxia
(Table 2). and anemia cause lizards to select body temperatures that are
In addition to elevating blood lactate concentrations, theool relative to their normal activity temperature (Hicks and
exercise regimen resulted in the blood pH of budorsalis  Wood, 1985). Anemic and hypoxic animals stand to benefit
becoming significantly lower than resting values (Table 2)from lowering their demand for JgHicks and Wood, 1985),
Following 30 min of recovery from exercise, the arterial pH ofand decreasing body temperature is a means of doing this that
these animals was still only 6.82+0.138 (measietm., N=4),  is readily available to ectotherms. Given that this is the case,
a value significantly different from resting arterial pHit is not surprising that two of the physiological changes
(P<0.001, Fisher's PLSD) but not from the immediate postoccurring as a consequence of both hypoxia and exhaustive
exercise arterial pH db. dorsalis(P=0.884). This change in exercise, elevated lactate levels and depressed blood pH, could
arterial pH is both larger and more persistent than the changeth serve as cues which temporarily alter an animal’s thermal
that results from exhaustive exercise in two speci®aodnus  set point. However, it is likely that the observed behavioral
and inlguana iguanaas a consequence of exhaustive exercis@ypothermia is mediated by other variables as well. Studies on
(Gleeson and Bennett, 1982). dorsalisappears to be less mammals (Kluger, 1991; Morrow et al., 1993; Soszynski et al.,
competent than at least some other lizard species in bufferid®96) have shown that psychological stress can alter the levels
the change in blood pH that results from vigorous exercise. &f cytokines, such as interleukin 6 and tumor necrosis factor,
therefore appears likely thBt dorsaliswould be particularly and can also alter catecholamine and glucocorticoid levels.
vulnerable to any behavioral changes brought about by @ytokines have been shown to play a large role in changing
reduction of pH in their arterial blood. the thermal set points of animals in response to stress (Kluger,
The H regimen resulted in animals altering theirl991), and catecholamines and glucocorticoids serve to
thermoregulatory pattern in a manner that was initially similamodulate the effects of cytokines on the thermal set point
to that of exhausted animals but which persisted for longer. Bo{iMorrow et al., 1993; Soszynski et al., 1996). Since the stresses
exercise and exposure to a hypercapnic gas mixture resultedtiat we imposed on oud. dorsalis (exercise, handling and
a significant decrease in the arterial pH (Table 2). Branco aridjection with foreign substances) usually result in lizards and
Wood (1994) found that toadByfo marinu} that were forced other animals raising their thermal set point (Cannon and
to breathe air mixtures containing 8% or morexG€lected a  Kluger, 1985; Cabanac and Gosselin, 1993; Morrow et al.,
cooler body temperature than control animals. They also fourtP93), the observation that the physiological changes
that this treatment resulted in the arterial pH of these toadsssociated with exhaustive exercise result in behavioral
decreasing to approximately 7.1 and that the thermoregulatohypothermia represents an important finding. Future work in
response to hypercapnia appears to be mediated by both centiéd area should focus on the neural and endocrine mechanisms
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that mediate exercise-induced hypothermia so that we ca®leeson, T. T.(1980). Lactic acid production during field activity in
elucidate how and why the changes associated with exhaustivehe Galapagos marine iguananblyrhynchus cristatus?hysiol.

exercise essentially serve to ‘override’ the usual hyperthermia Zool. 53, 157-162.
lizards during activity and recovery. Exp. Biol.98, 439-453.
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