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ABSTRACT : Effects of incubation temperature on embryo survival, incubation duration, hatch- 
ling size, post-hatching growth, and sprint speed were studied in the lizard Podarcis muralis. 
Embryos incubated at 32 C and 35 C hatched about 10 days before those of 28 C and over 5 wk 
before those of 24 C. Hatching success was high at 24 C and 28 C hut much lower at higher 
temperatures (32 C and 35 C). Neonates incubated at low temperatures had larger snout-vent 
lengths and body masses (effects of egg mass removed), grew faster, and had higher sprint speeds 
(size effects removed) than hatchlings incubated at higher temperatures. Hence, incubation tem- 
peratures that accelerate embryo development (32-35 C) did not maximize embryo survival and 
hatchling characteristics. In this study, an incubation temperature of 28 C provided the best balance 
between developmental rate, hatching success, and posthatch performances. 
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IN many reptiles, incubation tem pera- 

ture aff ects the duration of embryogenesis 
(e.g., Dmi'el, 1967; Gutzke and Packard, 
1987; Miller, 1985; Mrosovsky and Ynte- 
ma, 1980; Muth, 1980; Packard et al., 1987; 
Sexton and Marion, 1974) and the proba - 
bility of embryo survival (e.g., Bustard, 
1971; Fitch, 1964; Licht and Moberly, 
1965; Rand , 1972; Sexton and Marion, 
1974; Vinegar, 1973). Developmental tem- 
perature may also influence sex (reviewed 
in Packard and Packard, 1988), morphol- 
ogy (Bustard, 1969; Fox et al. , 1961; Os- 
good , 1978), and body size at hatching 
(Beuchat, 1988; Ferguson and Joanen, 
1982, 1983; Gutzke and Packard, 1987; 
Phillips et al. , 1990; Vinegar, 1973; White- 
head et al., 1990). 

In addition , recent studies reveal long 
term eff ects of incubation temperature on 
the physiology and behavior of hatchling 
reptiles. Posthatching survival and growth 
rates of crocodiles ( Crocod ylus porosus ) 
are infl.uenced by incubation temperature 
(Webb and Cooper-Preston, 1989) . Lang 
(1985)  suggested  an  eff ect  of  incubation 

temperature on thermal selection behavior 
of young crocodiles (Crocod ylus siamen- 
sis ), and Burger (1989, 1990) demonstrat- 
ed long-term eff ects on behavior and phys- 
iology of young pine snakes ( Pituophis 
melanoleucus ) , black racers (Coluber con- 
strictor ) , and kingsnakes ( Lampro peltis 
getulus ). In these snakes, hatchlings from 
eggs incubated at diff erent tem peratures 
diff ered in such important whole-animal 
functions as escape and striking behavior , 
maneuverability, and locomotion (Burger, 
1989, 1990). The eff ects of incubation tem- 
perature may thus extend well beyond the 
incubation  period . 

We investigated the eff ects of incuba- 
tion tem perature on the embryos and 
hatchlings of the lacertid lizard Podarcis 
muralis. We examined incubation time, 
embryo survival, and hatchling size at four 
constant incubation tem peratures. To as- 
sess long-term eff ects of the thermal en- 
vironment experienced during incubation, 
hatchlings were reared under uniform 
conditions to the age of 2 mo. We mea- 
sured  their  growth  rate  and  locomotor 



 

 
abilities (burst sprint speed), two attributes 
of hatchlings that are probably ecologi- 
cally important. A major objective was to 
examine to what extent embryo develop- 
ment, embryo viability, and hatchling 
characteristics have divergent thermal re- 
quirements. 

 
MATERIALS  AND  METHODS 

Podarcis muralis is a rather small [adult 
snout-vent length (SVL) 48-67 m m], agile 
wall lizard that behaves like a typical he- 
liotherm (Avery, 1978) and feeds on a large 
variety of invertebrates (Kabisch and En- 
gelmann, 1969; Strijbosch et al., 1980) . In 
many parts of its distributional range, 
which covers most of centra! and part of 
southern Europe, P. muralis is the most 
abundant member of the herpetofauna. It 
prefers dry, sunny, and stony habitats in 
the northern parts of its distribution hut 
may also occupy more humid and shady 
places in the south (Cyren, 1934; Parent, 
1978). 

Females of P. muralis attain sexual ma- 
turity in their second year (Barbault and 
Mou, 1988; Rollinat, 1934; Street, 1979) 
and may produce between one (northern 
and montane populations) and three 
clutches (southern populations) per year. 
Clutch size varies between 2-10 eggs and 
increases with female SVL (Barbault and 
Mou, 1988; Rollinat, 1934; Sparreboom, 
1981; Street, 1979). The stage of embry- 
onic development at oviposition, accord- 
ing to the table  of Dufaure and Hubert 
(1961), is 25-29, about midway through 
development (Braiia et al., 1991). Females 
preferentially bury their eggs in sandy or 
crumbly substrates, at the end of  10-20 
cm deep tunnels (Angel, 1946; Fretey, 
1975; Sparreboom, 1981). In nature, in- 
cubation duration varies between 6-11 wk 
(Angel,  1946;  Mertens,   1947;  Rollinat, 
1934). 

During early May 1990, 14 gravid P. 
muralis were collected nea r Oviedo, 
northeastern Spain and were transported 
to Belgium, where they were housed in- 
dividually in terraria containing a sandy 
substrate, some mosses, and grass. Food 
(calcium-dusted crickets and mealworms) 
and  water  were  provided  ad  libitum.  A 

 
150 w light bulb suspended 20 cm above 
the terrarium provided heat and light. Liz- 
ards were weighed and checked daily for 
skin folds (indicative for parturition) . Egg 
laying started soon af ter the lizards arrived 
in the laboratory (14 May 1990) and ended 
about 1 mo later. Each female prod uced 
one clutch. 

Immediately following parturition, the 
females and eggs were weighed (to the 
nearest 0.01 and 0.0001 g, respectively). 
Eggs were put individually in 200 ml jars 
filled with moistened vermiculite (1:1 wa- 
ter to vermiculite by mass). These jars were 
placed in incubation rooms (65 x 65 x 60 
cm) at one of four experimental tem per- 
atures (24 , 28, 32, and 35 C). A 100 w 
heat-bulb, mounted in the roof of these 
chambers, provided heat ; temperat ure 
within the incubation rooms was con- 
trolled by a thermostat, connected to a 
thermistor placed in the center  of  the 
cha m ber. Incu bation tem perat ure was 
monitored continuously (DGT-LHM data 
logger) and varied <0.3 C throughout a 
daily cycle. Within  each chamber, posi- 
tions of the cups were shif ted weekly to 
minimize effects of possible tem perature 
gradients. Moisture conditions were not 
monitored , hut we red uced evaporation 
from the cups by covering them with a 
plastic membrane. In addition, relative air 
humidity was kept near 100% by placing 
large dishes with water in the chambers; 
the water was replenished daily and never 
dried up entirely. Eggs from single clutch- 
es were distributed over the incubation 
tem peratures. Eggs were scored for pos- 
sible viability at oviposition; all eggs that 
were judged to exhibit red uced viability 
did not hatch, and were not taken into 
account for the analyses. 

We checked the environmental cham- 
bers for hatchlings about four times a day. 
We weighed (0.01 g) and measured (SVL, 
to the nearest 0.1 m m) each hatchling and 
placed it in a plastic terrarium (50 x  20 
x 20 cm) with a sandy substrate, some 
grasses, mosses, and several pieces of bark 
and schist for cover. A 150 w light bulb 
(8L:l6D) created a photothermal gradient, 
so that hatchlings could thermoregulate at 
their selected tem perature. Substrate tem- 



 

 

 

perature within the terraria varied be- 
tween 45 C under the bulb, and room tem- 
perature (18-24 C) near the edge. During 
the clark phase, temperatures dropped to 
ambient (12-15C). Food (first instar crick- 
ets, dusted with commercial vitamin sup- 
plement and calcium) was provided in 
large quantities. Water (for drinking) was 
regularly sprayed on the vegetation and 
available ad libitum on small plastic dishes. 
Each terrarium contained two lizards. Pairs 
of hatchlings were first formed randomly 
and then reshuffled each week to match 
SVLs. None of the newborns exhibited ob- 
vious morphological abnormalities at birth, 
and all survived to the age of at least 2 mo. 
At that age, they could readily be sexed 
(color pattern, femoral pores) . 

We weighed and measured  hatchlings 
at least once a week from hatching until 
the end of the normal activity season (15 
October). During their first month, lizards 
grew linearly . The slopes of the regression 
lines of mass and SVL against time in this 
period were used to estimate individ ual 
post-hatch growth rates (all linear regres- 
sions yielded r2-values >0.95). 

When juveniles were > 2 mo old, we 
determined their sprint speed by chasing 
them through a 2 m electronically timed 
racetrack (Van Damme et al., 1989, af ter 
an original idea of Huey et al., 1981). Prior 
to each trial, lizards were heated in an 
incubator to a body tem perature of 35 C 
(which is near the optimum for sprint speed 
in this species: Bauwens, unpublished data). 
Each juvenile was given five trials (no more 
than two per day), and the fastest 0.5 m 
interval scored was used as an estimate of 
maxim um sprint capacity. As we con- 
ducted all races within 1wk, juveniles dif - 
fered in age (67-126 days) and SVL (34.4- 
46.7 m m) . 

Multiple regression analysis was used to 
estimate eff ects of three female traits (SVL, 
condition, and clutch size) on egg mass. 
Data entered in the regression were av- 
erages per clutch, weighed for clutch size. 
We estimated incubation tem perature and 
family eff ects on hatchling attributes (SVL, 
mass, condition) by two-way ANOV A, with 
egg mass entered as a covariate, and as- 
suming that our data met the required as- 

sumptions of normality and homoscedas- 
ticity. Similarly, SVL was entered as a 
covariate when testing eff ects of incuba- 
tion temperatures and family on  sprint 
speed. In the analyses of hatching attri- 
butes, the juveniles at 32 and 35 C were 
lumped because of low sample sizes. G-tests 
were used to test for differences in em- 
bryonic survival and sex ratio. Because of 
small sample sizes, we have pooled data 
from male and female hatchlings . There- 
fore we are unable to evaluate possible sex- 
related diff erences in hatchling size, growth 
rate, and performance. All statistics were 
performed  with  SPSSPC+ . 

 
RESULTS 

Egg mass varied considerably among 
clutches (ANOV A: F = 35.3, df = 13, 62, 
P < 0.001). To assess determinants of egg 
mass other than family eff ects, we used 
three female traits (Sinervo, 1990). (1) Fe- 
male SVL was used as a measure of size. 
(2) Female condition was estimated using 
the residuals derived from the regression 
of log.(post partum mass) and log.(SVL), 
which was highly significant (P < 0.001). 
(3) In a similar way, resid ual clutch size 
was used as a measure of clutch size with 
female-size eff ects removed [residuals from 
the regression of log.(clutch size) and 
log.(SVL)]. Multiple regression analysis re- 
vealed a significant contribution of all fe- 
male traits considered . Female SVL [par- 
tial regression coefficient (pre) = 1.69, t = 
1.98, P = 0.076] and female condition (pre 
= 1.48, t = 2.84, P = 0.017) were positively 
correlated to egg mass, whereas clutch size 
( pre =  -0.60, t = -1.82, P = 0.099) was 
inversely related  to egg mass. The com- 
bined eff ects of female SVL, condition, 
and clutch size explained 54% of the among 
dam variation (F = 4.05, df = 3, 10, P = 
0.04). 

Temperat ure profoundly aff ected em- 
bryo survival (G-test, G = 16.3, df = 3, P 
= 0.001). Hatching success was high at 24 
and 28 C hut m uch lower at higher tem- 
peratures (Table 1). Duration of incuba- 
tion remained remarkably constant with- 
in , hu t  va ried  considera bly  among, 
tem perature  treatments  (ANOV A,  F  = 
1000, df  = 3, 28, P < 0.0001) . Embryos 
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TABLE 1.-Effects of incubation temperature on hatching success, incubation duration, sex-ratio, and post- 
hatch growth rate (first month) in the lizard P. muralis. 

 
 
 
 
 
 
 
 
 
 
 

incubated at 32 and 35 C hatched about 
10 days before those of 28 C and over 5 
wk before those of 24 C (Table 1). 

Incubation temperature did not influ- 
ence sex ratio (G-test, G = 0.18, df = 3, P 
> 0.9: Table 1) and we  pooled data for 
both sexes in subsequent analyses. 

Both SVL and mass of the hatchlings 
were related to egg mass at oviposition 
(Figs. 1, 2). The condition of the hatch- 
lings, estimated by the residuals of the re- 
gression  of  log0 (hatchling   mass)   on 
log0 (hatchling SVL), also exhibited a re- 
lation to egg mass. Incubation temperature 
proved to aff ect SVL and mass but not the 
condition of the neonates. Eggs incubated 
at 32 and 35 C produced juveniles that had 
lower residual SVL's (two-way ANOVA 
with  family  and  temperature  entered  as 
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factors, and egg mass as covariate: F = 
24.89, df = 2, 3, P = 0.014) and body 
masses (two-way ANOV A, same factors 
and covariate: F = 7.07, df = 2, 3, P = 
0.08) than those maintained at 24 and 28 
C. No significant family eff ects or family 
x temperature interactions were found (all 
p > 0.2). 

During their first month, SVL's of 
hatchlings increased linearly. Intercepts 
and slopes for diff erent hatchlings were 
not correlated (Spearman rank correlation, 
r, = 0.09, n = 29, P = 0.70), indicating no 
eff ect of SVL at hatching on subsequent 
growth rates. Growth rates of hatchlings 
diff ered among temperature treatments; 
lizards incubated at low temperatures grew 
faster than those incubated at high tem- 
peratures (two-way ANOVA with tem- 
perature and family entered as factors and 
clutch entered as a covariate: F = 11.39, 
df  = 2, 3, P = 0.02: Table 1). No family 
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FIG. 1.-Snout-vent length of Podarcis muralis at 

hatching as a function of egg mass (both axes loge 
transformed). Eggs incubated at high temperatures 
(32 and 35 C, triangles) on average produce smaller 
juveniles than those incubated at 28 C (closed dots) 
or 24 C (open dots). The overall regression equation 
is log,(hatchling SVL) = 5.75 + 0.18 log,(egg mass): 
r' = 0.55, P < 0.001. 

 
LOGe(EGG MASS) 

FIG. 2.-Hatchling mass as a function of egg mass 
(both axes log, transformed). Eggs incubated at 24 
and 28 C produce heavier juveniles . Symbols as in 
Fig. 1. The overall regression equation is log,(hatchling 
mass) = 4.27 + 0.54 log,(egg mass): r' = 0.63, P < 
0.001. 

Incubation  temperature 

  24 28 32 35 p 

Hatching success  11/ 15 10/15 6/17 2/16 0.001 
 % 73.3 66.7 35.3 12.5  Incubation duration (days) x 73.6 35.8 26.7 25.5 <0.0001 
 SE 0.6 0.5 0.9 1.5  
 n 11 10 6 2  Sex ratio (male :female)  5:6 6:4 3:3 1:1  
Post-hatch growth rate x 0.353 0.282 0.244  0.001 

(mm/day) SE 0.017 0.018 0.014   
 n 11 10 8   
 



 

"' 

5.3 

 
40 6' 5.00 "' 

""' 4.70 

j 4.40 
0 
...l 

 
4.10        

5.80 5.88 5.96 6.04 6.12 
 
 

20+--+--+--+--t--+--t---+--+--+---+--+--t----< 
20 40 60 80 100 120 140 

 
DAYS FROM  NCUBATION 

FIG. 3.-Body length of juvenile Podarcis muralis 
incubated at 35 and 32 C (triangles), 28 C (black 
dots), and 24 C (open dots) as a function of age since 
oviposition. Values shown are mean snout-vent lengths 
(uncorrected for egg mass) ± 1 SE. 

 
 

effects or family  x temperature interac- 
tion eff ects were observed (both P > 0.1). 

Our results evidenced that incubation 
temperature affects the duration of the in- 
cubation period, and hence the timing of 
hatching, size at hatching, and juvenile 
growth rate (Fig. 3). How do these factors 
jointly aff ect juvenile size during the post- 
hatch growth period? By the end of the 
normal  activity   season   (15  October), 
hatchlings from eggs incubated at 28 C 
(mean SVL = 43.4 mm, 1 SE = 8.7 mm, 
n = 10) had outgrown their companions 
from 32 and 35 C (mean SVL = 42.0 mm, 
1SE = 9.6 mm, n = 8), although the latter 
hatched 10 days earlier. At that moment, 
mean SVL of lizards incubated at 24 C 
(mean SVL = 39.2, 1SE = 8.0 mm, n = 
11) was still significantly smaller than that 
of  their  higher temperature counterparts. 

Sprint speed  increased  with  body  size 
[log.(speed) =  -4.14 + 1.49 log.(SVL), P 
< 0.05: Fig. 4). We therefore corrected for 
diff erences in SVL (originating from dif - 
ferences in age, size at birth, and/or growth 
rate) by entering SVL as a covariate in the 
ANOVA of sprint speed by incubation 
temperature. Lizards incubated at high 
temperatures were on average slower than 
those incubated at low temperatures (two- 
way ANOVA with family and tempera- 
ture as factors and SVL entered as a co- 
variate: F = 10.90, df = 2, 2, P = 0.07). 
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FIG. 4.-Sprint speed of juvenile Podarcis muralis 
as a  function  of  snout-vent  length  (both  axes log. 
transformed).  Lizards  incubated  at  high  tempera- 
tures (32 and 35 C, triangles) were slow relative to 
their counterparts incubated at 28 C (closed dots) and 
24 C (open dots). 

 
 

No family effects or family x temperature 
effects were found (both P > 0.2). 

DISCUSSION 

Our data demonstrate both short- and 
long-term eff ects of incubation tempera- 
ture on several whole-animal traits that are 
likely to influence fitness. Incubation tem- 
perature not only influenced incubation 
duration and embryonic mortality, but also 
aff ected hatchling size, post-hatch growth 
rate, and hatchling sprint speed. 

Egg Survival and Incubation Time 
As in many other reptiles, embryo mor- 

tality in Podarcis muralis varied consid- 
erably with incubation temperatur e. The 
upper thermal limit for embryogenesis 
(::::::35 C) appears to be low relative to the 
critical thermal maxim um of adults 
(CTMax for adult P. muralis = 44.2 C: 
Bauwens, unpublished data). Physiological 
constraints seem to determine the upper 
temperature limit for embryogenesis. Al- 
though we do not know what actually 
caused the high egg mortality in our sam- 
ples at 32 and 35 C, the high incidence of 
developmental anomalies at extreme tem- 
peratures recorded in many other reptiles 
(reviewed in Packard and Packard, 1988) 
suggests a general disruption of highly in- 
tegrated physiological functions. Although 
egg survival was highest at the lowest in- 
cubation temperature, the prolonged in- 
cubation period may induce ecological 
constraints on successful egg development 
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in this particular species. Our data, to- 
gether with those of Cooper (1958), who 
reported an incubation time of 122-160 
days at 18 C, indicate a negative expo- 
nential relation between the duration of 
embryogenesis and incubation tem pera- 
ture. Eggs raised at low temperatures may 
not batch before the onset of winter, or 
juveniles hatching late in the season would 
have to face the detrimental eff ects of low 
fall temperatures and a reduced food sup- 
ply and may not survive to the next year. 
In the northernmost population of P. mur- 
alis at Maastricht (50°51' N latitude in The 
Netherlands), low environmental temper- 
atures and associated lengthy incubation 
periods are thought to infüct severe prob- 
lems on hatching success during some years 
(Strijbosch et al., 1980). 

Hatchling Size 
Both egg mass and incubation tem per- 

ature influenced body size at hatching. In 
P. muralis, large eggs gave rise to large 
hatchlings.  Moreover,  these  seemed  to  be 
in better condition than hatchlings from 
smaller eggs. Several  authors  have  report- 
ed positive relations between egg mass and 
hatchling size (Ferguson and Brockman, 
1980; Ferguson  and  Snell,  1986; Ferguson 
et al., 1982). Sinervo and Huey (1990) ex- 
perimentally reduced egg size of  a species 
of lizard (Sceloporus ) by removing part of 
the yolk, and they demonstrated that the 
resulting hatchlings had smaller SVLs. A 
substantial part of the variation in egg mass 
in our sample was due to diff erences among 
clutches. The SVL of the mother positively 
contributed to  egg  mass,  indicating  that 
large f emales not only produce  larger 
clutches (Barbault and Mou, 1988), hut also 
larger individual  eggs. The  negative  eff ect 
of residual female clutch size on egg mass 
seems in agreement with the notion of a 
trade-off between  egg  numbers  and  egg 
size, possibly via constraints on total clutch 
mass (Brockelman, 1975; Smith and Fret- 
well, 1974). Although all three female traits 
considered (SVL, condition, clutch size) 
explained a significant part of the among- 
clutch variation in egg mass, a  substantial 
part    remained    unexplained. 

In our sample, hatchlings from eggs in- 
cubated at 32 and 35 C were on average 

 
smaller than their sibs from lower tem- 
peratures. Similar eff ects of high incuba- 
tion temperature on hatchling size have 
been reported in diff erent groups of rep- 
tiles (lizards: Beuchat, 1988; Phillips et al., 
1990; turtles: Gutzke and Packard, 1987; 
Packard et al" 1987; crocodiles: White- 
head et al., 1990), and other ectotherms 
(frogs: Smith-Gill and Berven, 1979; fish: 
Gray, 1928). Packard and Packard (1988) 
suggested that embryos developing at high 
temperatures may have a higher metabolic 
rate, hut a reduced metabolic efficiency 
(defined as the efficiency of converting en- 
ergy reserves to tissue) . As we did not mea- 
sure residual yolk mass, we were unable 
to test this hypothesis in P. muralis. 

Growth Rate and Sprint Speed of 
juveniles 

Juveniles from eggs incubated at low 
temperatures (24 and 28 C) exhibited fast- 
er post-batch growth  than their sibs from 
higher temperatures. The mechanisms that 
have caused this diff erence remain un- 
known . One possible explanation involves 
the observed relation between incubation 
temperature and hatchling sprint speed. 
Podarcis muralis is an active f orager that 
relies on quick sprint bursts to capture the 
fast moving insects on which it preys (Av- 
ery , 1978). High sprint speed may also be 
advantageous to escape from predators 
(Christian and Tracy, 1981) and enhance 
survival (Jayne and Bennett, 1990). Similar 
unexpected eff ects of incubation temper- 
ature on locomotor capacity,  predatory 
skills and escape behavior have been de- 
scribed in three species of snakes (Burger, 
1989, 1990). 

The combined eff ects of large size at 
hatching and high post-batch growth rate 
of the lizards incubated at 28 C resulted 
in these lizards being larger af ter 2 mo 
than their sibs incubated at higher tem- 
peratures . Af ter 2 mo, the hatchlings in- 
cubated at 28 C had outgrown their sibs 
and thus compensated for their relatively 
late emergence. Such was, however,  not 
the case for the 24 C hatchlings. 

In many lizards, juvenile size is consid- 
ered an important determinant of fitness. 
Large size may have several advantages. 
Large juveniles sprint faster (see also Si- 
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nervo and Adolph, 1989) and thus may be 
more successful in hunting prey (Avery et 
al" 1982), in avoiding predation (Christian 
and Tracy, 1981; Webb, 1986), and in re- 
taining high social ranks (Garland et al" 
1990). In species with high levels of intra- 
specific competition, large juveniles may 
have prior access to limited resources (Fer- 
guson et al" 1982). Larger young seem to 
have better chances to survive their first 
active season (Ferguson and Fox, 1984; Fox, 
1978) and winter (Ferguson and Bohlen, 
1978), at least in some years. Finally, in 
many lizards, females can only reproduce 
when they have reached a certain mini- 
mum SVL (e.g" Barbault and Mou, 1988; 
Bauwens and Verheyen, 1987), and larger 
female juveniles may attain this minim um 
sooner . 

 
Thermal Dependence of  Embr yogenesis 

Our results have implications for the es- 
timation of the optima! tem perature of 
embryogenesis . Temperat ures that mini- 
mize the time of incubation (32-35 C) were 
in clear conflict with those that maximize 
embryo survival, hatchling size, and post- 
hatch performances (24-28 C). Although 
hatchling size, post-hatch growth, and ju- 
venile speed were highest at 24 C, incu- 
bation time was nearly twice that recorded 
at 28 C, resulting in a considerable red uc- 
tion of the time available for post-hatch 
growth. At 28 C, hatching was only slightly 
postponed, and juveniles performed better 
than those incubated at higher tem pera- 
tures. Hence, the optima! tem perature for 

data). Actually, this may represent a case 
in favor of the multiple optima hypothesis 
(Huey, 1982). Discrepancies between op- 
tima! tem peratures for adult performance 
and embryo development may induce the 
lower body  tem peratures  maintained  by 
f emale P. muralis d uring pregna ncy 
(Braiia, unpublished data). Parallel shif ts 
in thermoregulatory set-points have been 
observed in gravid females of several vi- 
viparous lizards (Beuchat 1986, 1988; Gar- 
rick, 1974; Van Damme et al., 1986). 
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