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Introduction 

Many reptiles regulate their body temperature within a 
relatively narrow range by using behavioural adjust- 
ments such as shuttling between different thermal 
microclimates (Cowles & Bogert 1944; Huey 1982). 
Regulation may include fine-grained adjustments that 
match body temperature to functions with physiologi- 
cal optima, such as digestion or sprint speed (Patterson 
& Davies 1978; Huey 1982; Stevenson, Peterson & 
Tsuji 1985). However, there may be other explanations 
for the association between body temperatures and 
physiological processes besides active temperature 
selection (Huey 1982). For example, shifts in body 
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Summary 

1. Selected body temperatures of female lizards, Sceloporus jarrovi, were measured 
on a photothermal gradient during late pregnancy and again when postpartum, and 
pregnant females were subjected to one of three fluctuating temperature regimes that 
simulated body temperatures of (1) pregnant females, (2) postpartum females or (3) 
allowed normal thermoregulation. 
2. Overall, females selected lower body temperatures when pregnant (mean = 32.0°C) 
than when postpartum (mean = 33.5"C). 
3. Females regulated body temperature more precisely when pregnant than when post- 
partum as judged by their smaller variances in body temperature throughout the day. 
4. When pregnant, females selected a lower mean maximum body temperature (mean: 
pregnant = 324°C; postpartum = 34.5"C) than when postpartum, but selected mean 
minimum body temperatures did not differ. 
5. None of the experimental temperature treatments was detrimental to pregnant 
females. Female body length increased during pregnancy but the rate of increase did 
not differ among treatments. Moreover, length-adjusted body mass of postpartum 
females did not differ among treatments. 
6. Pregnant females that experienced postpartum body temperatures produced 
neonates that were smaller in body mass and length than pregnant females that experi- 
enced pregnant body temperatures and females that were allowed to thermoregulate. 
7. For neonates resulting from the postpartum body temperature treatment, the dispar- 
ity in the body length, but not mass, was still observed at 9 days of age, although sur- 
vival and growth of neonates was high and did not differ among treatments. 
8. The results demonstrate that pregnant females could maintain higher postpartum 
body temperatures without compromising their physical condition, but select rela- 
tively low body temperatures, presumably to avoid decrements in offspring fitness. 
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temperature could be the result of active selection of 
new thermal optima or the result of passive acceptance 
of higher or lower temperatures as the result of some 
ecological constraint on thermoregulation. 

Temperature shifts (both upwards and downwards) 
associated with reproductive status are well docu- 
mented among some species of lizards and snakes 
(Daut & Andrews 1993 and included references). A 
postulated benefit of an upward shift in body tempera- 
ture by reproductive (gravid or pregnant) females is 
that developmental rates, which are temperature 
dependent (Muth 1980), would increase. The resultant 
shortened incubation period could reduce costs of 
reproduction (e.g. decreased survival or future fecun- 
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dity of females) by reducing the time over which these 
costs are incurred (Shine 1980, 1983; Seigel & Fitch 
1984). In addition, shortened incubation periods in 
temperate zone environments might enhance offspring 
fitness by increasing the time available for growth and 
accumulation of energy reserves before cessation of 
activity in autumn. On the other hand, a postulated 
benefit of a downward shift in body temperature is 
enhanced survival of embryos; high incubation tem- 
peratures are detrimental to embryonic development 
(Vinegar 1974; Gutzke & Packard 1987). Thus, if nor- 
mal body temperatures reduce offspring fitness, 
females would benefit from a shift to lower body tem- 
peratures when they become reproductive. 

Are the body temperatures exhibited by reproduc- 
tive females actively selected or passively accepted? 
Because observed shifts in body temperatures have 
presumptive physiological benefits, one explanation 
for the relatively high or low body temperatures of 
reproductive females is that they are actively 
selected. Alternatively, body temperatures may 
reflect ecological constraints (Hertz 1992; Hertz, 
Huey & Stevenson 1993). For example, if the burden 
of the clutch causes females to become more suscep- 
tible to predators (Shine 1980), females may compen- 
sate by adopting a more cryptic behaviour(s) (e.g. 
reduce the frequency and extent of movement). Such 
an increase in cryptic behaviours could limit a 
female's thermoregulatory opportunities and thereby 
preclude regulation of body temperatures at preferred 
levels. Observations on lacertid lizards support this 
conjecture (Brada 1993). Data from laboratory stud- 
ies on the viviparous lizard, Sceloporus jarrovi Cope 
(Phrynosomatidae), were used to gain insight into 
why pregnant females exhibit lower body tempera- 
tures than postpartum females. Sceloporus jarrovi is 
a particularly appropriate study species because its 
reproductive (Goldberg 1971) and thermal biology 
(Beuchat 1986) are well documented, and field-active 
females exhibit lower mean body temperatures when 
pregnant than when postpartum (32.0°C and 34.S°C, 
respectively; Beuchat 1986). 

This study addresses two complementary questions. 
First, do pregnant females actively select, or passively 
accept, low body temperatures? This question can be 
answered by measuring the body temperatures that 
females select on a thermal gradient when pregnant 
and postpartum. Use of a thermal gradient in a labora- 
tory setting ensures that lizards can select body tem- 
peratures with minimal ecological costs and con-
straints. It was predicted that if field-active pregnant 
females exhibit low body temperatures because post- 
partum body temperatures are physiologically stress- 
ful to the female, her offspring, or both, then pregnant 
females on a thermal gradient would be expected to 
select lower body temperatures than postpartum 
females. Alternatively, if field-active pregnant 
females exhibit low body temperatures because of 
exogenous constraints on thermoregulation, then we 

would expect pregnant females on a thermal gradient 
to select the same high body temperatures as postpar- 
tum females. 

Second, if postpartum body temperatures are physi- 
ologically stressful, do they affect the pregnant 
female, the embryos, or both? It was predicted that if 
postpartum body temperatures are stressful to preg- 
nant females, then pregnant females maintained at 
postpartum body temperatures should exhibit signs of 
poor health or decreased survivorship. On the other 
hand, if postpartum body temperatures are stressful to 
embryos, then offspring incubated at postpartum body 
temperatures should exhibit features associated with 
low fitness. 

Materials and methods 

COLLECTION AND ASSIGNMENT OF FEMALES TO 

EXPERIMENTS 

Pregnant females (n=70) were collected in the 
Chiricahua Mountains of southeastern Arizona in the 
vicinity of the Southwestern Research Station 
(SWRS) near Portal, Arizona between 30 April and 2 
May 1995. Each female was given a unique toe clip 
and a corresponding number was painted on her back 
for identification. Females were randomly assigned to 
one of two experiments: (1) those used to measure 
selected body temperatures (n = 18) (next section) and 
(2) those used to determine the effect of postpartum vs 
pregnant body temperatures on pregnant females and 
their offspring (n = 52) (see Incubation experiment). 

MEASUREMENT OF SELECTED BODY TEMPERATURES 

Maintenance conditions 

Pregnant females were housed in a 2.5 x 4.0 m2 dirt- 
floored outdoor enclosure. Three 16 x 32 x 34 cm3 
cinderblock cairns within the enclosure provided 
numerous perches and refugia. Drinking water was 
provided daily by running water through a shallow 
trench that ran alongside the bases of the cairns. 
Females were fed daily with crickets dusted with vita- 
min powder. 

On 5 July, all 18 females (all postpartum) were 
transported to indoor facilities at Blacksburg, 
Virginia, where they were maintained in two 
33 x 77 x 47 cm3 slate-bottomed terraria. Room tem- 
perature was maintained at = 24OC and light from win- 
dows determined photoperiod. Illumination was pro- 
vided by two broad spectrum fluorescent light bulbs 
(Vita-liteTM, Duro-Light Corp., Fairfield, NJ, USA) 
resting on top of the terraria. One heat lamp (150 W) 
suspended over the end of each terraria allowed 
behavioural thermoregulation. Lights were turned on 
and off each day at 07.00 and 17.00 hours MST, 
respectively. Water was provided daily by squirting 
water into each cage to form a small temporary pool. 
Females were fed as above. 
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of pregnant females were measured in Arizona in a 
room in which temperature was maintained at 
= 24.0"C. Light from a door at each end of the room 
determined the photoperiod. Selected body tempera- 
tures of postpartum females were measured in 
Blacksburg in the same room where they were 
housed. 

The testing apparatus consisted of a corrugated 
cardboard box with a 2.5-cm thick Styrofoam bottom 
to reduce temperature fluctuations. Cardboard strips 
were used to divide the box into six 37 x 200 cm2 run- 
ways. Sceloporus jarrovi normally uses rock sub- 
strates and pregnant females tend to remain close to 
crevices where they can take refuge (Smith & 
Ballinger 1994). A rock surface was therefore simu- 
lated by painting the runway floors with glue and then 
dusting them lightly with sand. Each runway was pro- 
vided with a 'continuous refugia'. This consisted of a 
16-cm wide cardboard strip that ran the entire length 
of the runway such that the top edge of the strip rested 
on the runway wall and the bottom edge projected 
8.5 cm away from the wall at a height of 3.5 cm above 
the runway floor. This arrangement allowed females 
to hide beneath the strip at any point along a runway. 
A thermal gradient was established by suspending a 
series of incandescent floodlamps of various wattages 
at various heights and spacings down the midline of 
each runway. Hollow aluminium probes with internal 
thermocouples were placed at evenly spaced intervals 
along the length of each runway floor and the flood- 
lamps were adjusted so that probe temperatures 
ranged linearly from = 29 to 41°C (Fig. 1). The aver- 
age rate of temperature change in the gradient was 
0.072"C cm-' or 0.53"CImean female snout-vent 
length (SVL). With few exceptions, females perched 
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Fig. 1. Representative thermocouple probe temperatures 
O 1997 British (T,) on the thermal gradient measured at 20-cm intervals 
Ecological Society, (days). The line indicates the least-squares linear regression 
FunctionalEcology, of probe temperature on probe position in the gradient. 
11,498-507 T, = 40.06-0.071 cm, R~= 0.98, P < 0.001. 

towards the centre of the gradient. We therefore 
judged that the range in available body temperatures 
was considerably wider then necessary for normal 
thermoregulation. 

Observations 

Body temperatures were measured during 15-19 May 
(pregnant) and 1 1-15 July (postpartum). Pregnant 
females were in their last trimester as judged by the 
first appearance of neonates in the field on 22 May. 

The following protocol was used to measure body 
temperatures. On day 1 at 15.30 h, six females were 
placed on the gradient, each in an individual runway, 
where they remained for the following 35.5 h (29.5 h 
of acclimation and 6 h of observation). Body (cloacal) 
temperatures were measured at 09.00 h, 12.00 h and 
15.00 hours on day 3 with a thermocouple thermome- 
ter (Physitemp digital laboratory thermometer, 
Model: BAT-12, Physitemp Instruments Inc., Clifton, 
NJ, USA). Each female was removed quickly from its 
runway (taking care not to disturb the female in the 
adjacent runway), its cloacal temperature recorded, 
and then returned to the gradient. This protocol was 
repeated for successive sets of six females. Females 
received no food or water while on the gradient. 
Gradient lights were turned on and off at 07.00 and 
17.00 hours MST, respectively. 

INCUBATION EXPERIMENT 

Temperature treatments and maintenance conditions 

During the day, field-active Sceloporus lizards typi- 
cally exhibit a high and relatively constant body tem- 
perature, but at night, body temperatures converge on 
ambient temperatures. A cycling thermal regime was 
used that approximated the natural thermal environ- 
ment of S. jarrovi because constant temperature 
regimes are stressful to squamate reptiles (Shine 1983). 

Pregnant females were randomly allocated to one of 
three experimental temperature treatments (n= 15, 
each treatment). Two of the treatment groups were 
placed into controlled light and temperature chambers 
(Percival model 1-35 L, Percival Manufacturing Co., 
Boone, IA, USA). Temperatures in both chambers 
were similar during the inactive period, falling to 
= 15°C by 23.00 and remaining there until 07.00 the 
following morning. In one chamber, the temperature 
during the activity period (09.00-16.00 h) was 
35.7"C. This temperature is higher than the observed 
mean body temperature of field-active postpartum 
females (34,5"C, Beuchat 1986), but falls within the 
95% confidence interval for the mean. We used 
35.7"C, as opposed to 34.5@C, because deleterious 
effects of temperature on physiological processes, if 
any, would more probably be induced by body tem- 
peratures near the extreme, rather than the mean. In 
the other chamber, the temperature during the activity 
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Pregnancy and 	 active body temperature of pregnant females (Beuchat 
low body 	 1986). These two temperature regimes are hereafter 
temperatures 	 referred to as the 35°C and 32°C treatments, respec- 

tively. Body temperatures (cloacal) of females in the 
chambers were measured to verify that females experi- 
enced the desired experimental temperature. Actual 
mean body temperatures of females in the 35°C and 
32°C treatments were 354°C (n = 14, SE = O.l°C) and 
32.3"C (n = 12, SE =O.l°C), respectively. Periodically 
during the experiment, ambient air temperatures in the 
chambers were recorded at half hour intervals for 24 h 
and stored in a data logger (OMEGA 8 OM-550 
DATALOGGER, Omega Engineering, Inc., Stamford, 
CT, USA). Photoperiod in each chamber was the same 
as that in Arizona in May (13 L: 1 ID). 

A third temperature treatment allowed females to 
thermoregulate behaviourally (TREG treatment, here- 
after). Females in this treatment were maintained in 
individual terraria each fitted with a 60-W incandescent 
light bulb over one end. Lights were turned on and off 
each day at 07.30 and 16.00 hours MST, respectively. 
These terraria were located in an open-air building 
where temperatures fluctuated with ambient tempera- 
tures. Thus, maintenance conditions experienced by 
females in the TEG treatment most closely reflected 
those experienced by pregnant females in the field. 
Ambient air temperatures at the cool and hot ends of the 
terraria were recorded (every half hour over 24 h) peri- 
odically during the experiment and stored in tempera- 
ture loggers (HOBO-TEMP-XTTM, Onset Instruments, 
Pocasset, MA, USA) (Fig. 2; temperatures shown are 
from cool ends of terraria). Temperatures at the hot end 
of the terraria generally exceeded 37°C during the daily 
activity period. Direct measurements of body tempera- 
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Fig. 2. Mean temperatures (air and body) in environmental chambers (35 "C and 32 "C-

treatments) and terraria that experienced ambient temperatures (T,, treatment). 
Symbols connected bv a line denote air temueratures for the ueriod females were inac- 
tive. Solid horizontal bars represent average body temperatures for the period females 
were active. Standard errors of the mean body temperatures of females during activity 
in the 35 "C, 32 "C and T,, treatments were _+ 0.1,_+ 0.1 and _+ 0.2 "C, respectively. 

tures (cloacal) of females in the TREG treatment during 
the activity period verified that females were able to 
regulate body temperatures (mean body temperature 
= 324°C; SE = 0.2"C, n = 14) similar to those of preg- 
nant females in the field. Photoperiod was determined 
by ambient light from windows. 

Average body temperatures for females in each of 
the three treatments were calculated as the means of 
chamber temperatures for each half-hour interval of 
the inactive period and the actual mean body tempera- 
tures of females for each half-hour interval of the 
activity period. Temperatures for the 35"C, 32°C and 
TEG treatments averaged (mean of the 48 means for 
each treatment) 26.1°C, 24.4"C and 23.7"C, respec- 
tively. Temperature profiles for the treatments are 
summarized in Fig. 2. 

On the day that females were put under experimen- 
tal conditions (3 May), all females were weighed to 
0.01 g on an electronic balance (Mettler model 
PM200) and SVL was measured to the nearest 1 rnm. 
At this time, the mean SVL of females in the 35°C 
(74.4 ? 1.5), 32°C (72.2 * 1.4) and TEG (73.1 k 1.0) 
treatments did not vary among treatments (F2,,, =0.68, 
P =0.5 1, one-way ANOVA). Females were placed into 
individual glass terraria (28 x 22 x 31 cm3) provided 
with a large piece of bark, which females could use as 
a perch or refuge. Terraria were rotated among posi- 
tions within treatments every 3 days to minimize posi- 
tion effects. Crickets dusted with vitamin powder were 
provided once or twice each day. Water was provided 
twice daily by squirting water into each cage to form a 
small temporary pool. Females were weighed and SVL 
was measured every 10-12 days and immediately after 
parturition. 

Determination of initial developmental stage 

The developmental stage of embryos near (30 April-5 
May) the time that females were put under experimen- 
tal conditions was estimated. To do this, a small inci- 
sion was made in the abdomen of each of seven 
females (none included in the experiments) and a sec- 
tion of the oviduct containing one embryo was 
everted. Embryos could be viewed through the 
oviduct and shell membrane and their developmental 
stage determined. Following determination of embry- 
onic stage, embryos were put back in the body cavity, 
the incision closed with sutures, and the females later 
released. The mean developmental stage of these 
embryos was stage 34 and ranged from stage 33 to 
stage 36 (following Dufaure & Hubert 1961; range of 
staging sequence: 1 4 0 ;  parturition at stage 40). Thus, 
pregnancy was presumably relatively advanced in 
most females at the outset of the experiment. 

Data collection 

Terraria were checked daily for the appearance of 
neonates. On the day of parturition, we recorded the 
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randomly selected neonate from each litter was killed 
and dried at 50°C for 24 h and weighed to 0.01 g. 
Another randomly selected neonate was killed and pre- 
served in 70% ethanol for later determination of resid- 
ual yolk mass. After = 240 days, the residual yolk was 
removed from neonates, dried and weighed to 0.01 mg. 
Up to five of the remaining neonates in each litter were 
used to measure growth rate (additional neonates were 
released). These neonates were first housed by litter in 
40 x 25 x 26 cm3 terraria under similar conditions as 
females in the TREG group (above). At 3 days of age, 
each neonate was reweighed, remeasured and trans- 
ferred to a common outdoor enclosure identical to that 
described above, except that it contained numerous 
rocks scattered about the bases of the cairns. At 9 days 
of age, each neonate was reweighed and measured for a 
third time and then released. Neonates were fed ad libi-
tum with live insects collected by sweep net and with 
2-4 mm crickets dusted with vitamin powder. Water 
was provided once or twice each day by misting the 
sides of the terraria and by running water through a 
trench that ran alongside the bases of the cairns. 

STATISTICAL ANALYSES 

All analyses were performed using SAS statistical 
packages (SAS Institute Inc. 1985). Means or least- 
squared means and their standard errors are presented 
as mean ? 1 SE. Differences were considered signifi- 
cant at P < 0.05 unless stated otherwise. 

A repeated-measures ANOVA (repeated across the 
three times of day and between reproductive conditions) 
was used to compare selected body temperatures of 
females when pregnant and when postpartum. Tukey's 
least significant differences was used to identify pair- 
wise differences in the means for each time of day. 

Variance in body temperature was used as an index 
of thermoregulatory precision (Sievert & Hutchison 
1988; Hertz et al. 1993). Variances were calculated 
for pregnant and postpartum females at 09.00, 12.00 
and 15.00 hours. F,,, tests were used to test for dif- 
ferences in thermoregulatory precision between preg- 
nant and postpartum females at each of these three 
times of day. For this analysis and the above analysis 
of selected body temperatures, the alpha level (0.05) 
was Bonferroni corrected for the number of tests 
(three) in each analysis and differences were thus con- 
sidered significant at P < 0.017. 

The physical condition of females was assessed in 
two ways: by determining growth rate (change in 
SVL) and body condition (length-adjusted body mass; 
Bradshaw. 1986) at parturition. Size-specific growth 

O 1997British rate of pregnant females was calculated as 
Ecological Society, 
F ~ ~ ~ ~ ~ ~ ~ ~ ~Size-specific growth rate 
11,498-507 = [In (SVL,) - In (SVL,)]/(t, - t,), 

where SVL, and SVL, denote the SVL on the day 
females were placed under experimental conditions 
and the last measurement of SVL before parturition, 
respectively, and t, - t ,  denotes the time in days 
elapsed between the two measurements of SVL. 

Treatment effects on body condition of postpartum 
females were determined with ANCOVA, using postpar- 
tum body mass (measured on the day of parturition) as 
the dependent variable and SVL at parturition as the 
covariate. 

All analyses involving neonates were based on litter 
means except those for neonate dry mass, neonate 
water content and dry residual yolk mass. Neonate 
water content was determined as the difference 
between neonate live and dry masses. One-way analy- 
ses of variance (ANOVA) were used to determine 
whether treatment affected date of parturition, 
neonate mass, neonate SVL and neonate dry mass. 
Tukey's least significant differences tests were used 
to identify pairwise differences among the treatment 
means. 

Analysis of covariance (ANCOVA) was used to deter- 
mine whether treatment affected neonate 'robust-
ness'; that is, how heavy a neonate was relative to its 
SVL. Treatment effects on neonate water content and 
residual yolk mass were determined similarly using 
neonate dry mass as the covariate. 

ANCOVAS were used to determine whether body 
mass and SVL of neonates differed among treatments 
at the end of each growth period (i.e. days 1-3 and 
days 3-9). For each analysis, the size measurement 
(averaged for each litter) immediately preceding the 
following size measurement was used as the covari- 
ate. For example, for the period day 3 to day 9, litter 
means for SVL on days 9 and 3 were used as the 
dependent variable and the covariate, respectively. 

Results 

SELECTED BODY TEMPERATURES OF FEMALES 

WHEN PREGNANT VS POSTPARTUM 

Females had significantly lower body temperatures 
when pregnant than when postpartum (Fig. 3; 
F,,,, = 12.4, P = 0.001, repeated-measures ANOVA). 
Body temperature did not differ among the measure- 
ment times during the day for females in either repro- 
ductive condition (P = 0.57). Mean body temperatures 
of pregnant females were lower than those of postpar- 
tum females at 09.00 hours and 12.00 hours (P-values 
<0.017), but not at 15.00 hours (P>0.017). The over- 
all mean body temperatures of females when pregnant 
and postpartum were 32.1 ? O.l°C and 33.5 ? 0.5"C, 
respectively. 

Females also regulated their body temperatures 
more precisely when pregnant than when postpartum 
(Fig. 3). Variance in body temperature when pregnant 
(09.00 h, 1.1; 12.00 h, 0.8; 15.00 h, 0.4) was lower 
than when postpartum (09.00 h, 4.9; 12.00 h, 3.0; 

E ~ ~ ~ ~ ~ ~ , 



503 15.00 h, 4.0) at all three times of day (P-values 
Pregnancy and < 0.017). Mean minimum body temperatures did not 
low body differ between pregnant (31.3 _+ 0.2"C) and postpar-
temperatures tum (32.4 _+ 0.5"C) females (paired t-test; t = 1.8, 

P = 0.10). However, the mean maximum body tem-
perature of pregnant females (32.8 _+ O.l°C) was lower 
than that of postpartum (34.5 -+ 0.3"C) females (paired 
t-test; t = 5.1, P < 0.001). 

INCUBATION EXPERIMENT 

Females gave birth between 20 and 50 days after 
being placed under experimental conditions. The time 
to parturition varied among treatments (F2,,, = 3.7, 
P = 0.03). The mean time to parturition was 32.7 _+ 1.9 
days, 37.3 & 1.9days and 40.0 _+ 2.0 days for the 35"C, 
32°C and TREGtreatments, respectively. Time to par-
turition for females in the 35°C treatment was shorter 
than that of females in the TREGtreatment ( P  < 0.05). 
However, time to parturition did not differ between 
the 35°C and 32°C treatments or between the 32°C 
and TREGtreatments (P-values >0.05). 

Postpartum 

0 Pregnant 

I I 1 
0900 1200 1500 

Time 

Fig. 3. Mean selected body temperatures (_+1 SE) of female Sceloporus jurrovi 
(n = 18) when pregnant and postpartum measured at three times during the main por-
tion of the daily activity period. 

Table 1. Condition of offspring from females that produced at least one abnormal1 
dead embryo or neonate 

Neonatelembryo condition at parturition 

Treatment Female no. Normal ( i t )  Abnormal (n) Dead (n) 
- - -

35 "C 19 0 1 6 (Stage 40) 
33 10 0 1 (Stage 33) 
30 9 1 0 
15 0 1 5 (Stage 40:2; 

Stage 33-36:3*) 
32 "C 29 4 0 1 (Stage 33) 

Number following the colon indicates the number of embryos dead at that develop-
mental stage. *Embryos too decomposed to stage precisely. 

All females survived to the end of the experiment. 
On average, females in all treatments increased in SVL 
over the duration of $e experiment. However, growth 
rates of females did not differ among treatments 
(ANOVAF2,,1= 2.69, P = 0.08). The mean size-specific 
growth rates of females were 0.0035& 0.0007, 
0.0044& 0.0007 and 0.0060_+ 0.0008 mm day-' for the 
35"C, 32°C and TmG treatments, respectively. 

Treatment effects on female body condition, if any, 
should be most apparent at parturition. None was 
detected; the length-adjusted postpartum body mass 
of females did not differ significantly among treat-
ments (ANCOVAF2,39= 1.4, P = 0.25). At the grand 
covariate mean SVL (74.4 mm), the adjusted mean 
postpartum body masses of females were 11.5 _+ 0.2, 
11.3 k 0.2 and 11.8 _+ 0.2 g for the 35"C, 32°C and 
TREGtreatments, respectively. 

Five females produced dead or abnormal offspring 
(Table 1). Abnormal neonates were weak and did not 
move normally. For the four females in the 35°C treat-
ment that produced dead offspring, mortality varied 
within litters. Nearly all the offspring produced by 
two females were born dead whereas nearly all of 
those produced by the other two females were born 
alive and seemed normal. Of the three live, but abnor-
mal, neonates born to females in the 35°C treatment, 
only one survived to day 9. All other neonates in the 
experiment survived, and seemed healthy on day 9. 

Neonate mass (live) at parturition and maternal 
SVL were unrelated (linear regressions; P-values 
> 0.05), so female size was not used as a covariate in 
the following analyses. At parturition, neonates from 
the 35°C treatment were smaller in mass and SVL 
than neonates from the 32°C and TREGtreatments 
(Table 2). Neonate size did not differ between the 
32°C and TREGtreatments. Neonates from the 35°C 
treatment were also smaller in dry mass although this 
difference was not significant. Neonates from the 
35°C treatment had lower water content than neonates 
from the 32°C and TREGtreatments. The small size of 
neonates from the 35°C treatment was not due to them 
being born 'prematurely' (i.e. with a relatively large 
amount of internalized residual yolk); the least-
squares means for dry mass of residual yolk did not 
differ significantly among treatments. While neonates 
from the 35°C treatment were relatively small, SVL-
adjusted neonate mass at parturition did not differ 
among treatments. Thus, neonates from the 35°C 
treatment were just as 'robust' for their SVL as 
neonates from the other treatments. 

Differences in neonate size among treatments per-
sisted over time. At 9 days of age, neonates from the 
35°C treatment were still significantly smaller in SVL 
than those from the 32°C and TREGtreatments. Mean 
body mass of neonates from the 35°C treatment was 
also still less than that of neonates from the other 
treatments, but the difference was not significant. As 
was true at parturition, length-adjusted neonate mass 
at 9 days of age did not differ among treatments. 
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previous weighing) did not differ among treatments 
on days 3 and 9 (Table 2). Likewise, neonate SVL 
(adjusted for SVLs at the previous measuring) did not 
differ among treatments on these days. 

Discussion 

SELECTED BODY TEMPERATURES 

Female S ,  jarrovi in the laboratory selected lower 
body temperatures when pregnant than when postpar- 
tum even though higher body temperatures would 
have been easily attainable. Furthermore, the mean 
selected body temperature of pregnant females in this 
study (32.1°C) was virtually identical to the mean 
body temperature of field-active pregnant females 
(Beuchat 1986: 32.0°C). These data suggest that field- 
active pregnant females select low body temperatures 
and that ecological constraints (e.g. the encumbrance 
of the clutch) do not affect thermoregulatory 
behaviour. However, without information on the oper- 
ative field temperatures (see Hertz 1992; Hertz et al. 
1993) available to pregnant and postpartum females, 
we cannot be certain as to how difficult it would be for 
pregnant females to maintain body temperatures as 
high as those of postpartum females. But since the dif- 
ference in mean field-active body temperatures of 

Table 2. Means and standard errors of dry mass, water content, dry residual yolk mass, 
Sceloporus jurrovi maintained under three incubation regimes 

Trait 35OC treatment 32°C treatment 

Neonate dry mass at parturition (mg) 

Neonate water content (adjusted for neonate 
dry mass) at parturition (g) 

Neonate dry residual yolk mass (adjusted for 
neonate dry mass) at parturition (pg) 

Neonate mass (g) 
At parturition 
At 9 days of age 

Neonate SVL (mm) 
At parturition 
At 9 days of age 

SVL-adjusted neonate mass (g) 
At parturition 
At 9 days of age 

Mass-adjusted (previous) neonate mass (g) 
At 3 days of age 
At 9 days of age 

SVL-adjusted (previous) neonate SVL (mm) 
At 3 days of age 
At 9 days of age 

postpartum and pregnant females is small, it seems 
likely that pregnant females could maintain higher 
field-active body temperatures if they wanted to. We 
also do not know the extent to which our estimates of 
selected body temperatures might have been affected 
by seasonal variation in selected body temperature as 
body temperatures of postpartum and pregnant 
females were measured at different times. However, 
selected body temperatures of Sceloporus occiden- 
talis do not vary seasonally (McGinnis 1966). 

Variances and ranges of selected body temperatures 
provided additional insights into the nature of the shift 
to low body temperatures by pregnant females. 
Females selected. body temperatures that were less 
variable during pregnancy than when postpartum at 
each of the three measurement times during the day. 
Increased precision of thermoregulation by reproduc- 
tive females (both in laboratory and field studies) is 
well documented (Stewart 1984; Beuchat 1986; Gier, 
Wallace & Ingerman 1989; Charland & Gregory 
1990) although not always observed (Schwarzkopf & 
Shine 1991; Daut & Andrews 1993). 

One explanation why females increase their preci- 
sion of thermoregulation when reproductive is that 
offspring fitness is optimized at a species-specific 
temperature (Beuchat 1986). Therefore, reproductive 
females should regulate body temperatures closely 
around this temperature. However, a statistical (unin- 
tentional on the female's part) 'increase in precision' 
could result if offspring fitness is adversely affected 

morphology and growth of offspring in the viviparous lizard 

Treg treatment Statistical test 

ANOVA F= 2.45, df = 2,40 P = 0.10 

ANCOVA F = 5.35, df = 2,38 P = 0,009 

ANCOVA F = 0.05, df = 2,30 P =0.95 

ANOVA F = 7.37, df = 2,41 P = 0.002 
ANOVA F = 2.63, df = 2,39 P = 0.08 

ANOVA F = 8.56, df = 2,41 P <0.001 
ANOVA F = 4.96, df = 2,39 P = 0,012 

ANCOVA F = 0.1 1, df = 2,40 P = 0.90 
ANCOVA F=1.19, df=2,38 P=0.31 

ANCOVA F = 0.35, df = 2,40 P = 0.71 
ANCOVA F =  0.19, df = 2,38 P = 0.83 

ANCOVA F = 0.51, df = 2,40 P = 0.61 
ANCOVA F = 0.31, df = 2,38 P = 0.74 

Table shows least-squares means + SE; mean value + SE are given for neonate dry mass at parturition, neonate mass and neonate SVL. Interaction 
terms were not significant in any of the ANCOVAS.Means followed by the same letters were not significantly different (P> 0.05). Treg treatment denotes 
pregnant females that were allowed to thermoregulate. 
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by a particular temperature extreme and females that 
are otherwise thermoregulating normally simply 
avoid temperatures approaching this extreme. Lizards 
do seem to thermoregulate between upper and lower 
set-point temperatures, rather than around a single 
body temperature (Berk & Heath 1975; Barber & 
Crawford 1977). Furthermore, set-points may vary 
with reproductive state (Patterson & Davies 1978; 
Sievert & Hutchison 1988). The maximum and mini- 
mum body temperatures selected by pregnant and 
postpartum S. jarrovi females on the thermal gradient 
were used to estimate these set-points. The upper set- 
point was lowered during pregnancy; the mean maxi- 
mum body temperature females when pregnant was 
lower than when postpartum. However, pregnancy did 
not influence the position of the lower set-point; there 
was no difference in the mean minimum body temper- 
ature of females when pregnant and when postpartum. 
Indeed, a lowering of the lower set-point temperature 
would not be expected if the length of gestation is 
related to costs of reproduction. Thus, pregnant 
females exhibit low mean body temperatures because 
they avoid upper temperature extremes that are toler- 
ated when postpartum. Consequently, the relatively 
low variance in body temperatures exhibited by preg- 
nant females may be the inevitable result of lowering 
the upper set-point temperature against a stationary 
lower set-point temperature rather than a reduction in 
variance about a single optimal temperature for devel- 
opment. 

EFFECTS OF INCUBATION TEMPERATURE ON 

FEMALES AND OFFSPRING 

Do female S. jarrovi select lower body temperatures 
when pregnant than when postpartum because post- 
partum body temperatures are detrimental to the 
female, to the embryos, or both? In general, the physi- 
cal condition of pregnant females was found to be 
unaffected by any of the experimental temperature 
treatments. However, the fitness of neonates that had 
been exposed to the 35°C treatment during embryoge- 
nesis was reduced. 

The growth and survival of females did not differ 
among treatments. Growth (in SVL) of females in the 
35°C treatment was the same as that of females in the 
other treatments. In concordance with this result, 
treatment temperature had no effect on body condition 
(size-adjusted body mass). Postpartum females in the 
35°C treatment had virtually the same body mass for 
their SVL as postpartum females in the other two 
treatments. Moreover, all females in our study sur- 
vived to the end of the experiment. These results dif- 
fer markedly from those of a parallel study on the 
effects of temperature during the gestation period of S. 
jarrovi (Beuchat 1988). Beuchat (1988) observed 
=40% mortality of females in her 36°C and 32°C tem- 
perature treatments, and surviving lizards in her 36°C 
temperature treatment lost weight during the experi- 

ment. Unlike the present study, however, lizards in 
Beuchat's (1988) study were maintained under con- 
stant temperature regimes. Constant high tempera- 
tures are particularly stressful to squamates, and cause 
high mortality (Licht 1965; Shine 1983) suggesting 
why Beuchat's (1988) results differ so much from 
those reported in this paper. 

In contrast to the absence of treatment effects on the 
physical condition of females, temperature treatment 
had a strong affect on embryonic development. 
Neonates produced by pregnant females from the 
35°C treatment were smaller in live body mass and in 
SVL than those produced by pregnant females in the 
32°C and TREG treatments. At parturition, neonates 
from the 35°C treatment were = 10.6% lighter in mass 
and 3.6% shorter in SVL than neonates from the other 
treatments. Beuchat (1988) also observed a decrease 
in the body size of neonates that were exposed high 
incubation temperatures. 

Mean incubation temperature was related to the 
mean time to parturition. Females in the 35°C treatment 
gave birth an average of 4 and 7 days, respectively, 
before females in the 32°C and TmG treatments. Thus, 
pregnant females could conceivably reduce costs of 
reproduction and increase offspring fitness by selecting 
high body temperatures. ' However, the detrimental 
effects of high body temperatures on neonate size prob- 
ably outweigh these advantages. Indeed, the 4-day dif- 
ference (not significant) in mean time to parturition for 
females in the 35°C and 32°C treatments seems trivial 
compared with the lasting effects of high incubation 
temperature on offspring body size. 

Very few dead or abnormal offspring were observed 
overall. However, four of the five litters with dead and 
or abnormal neonates were in the 35°C treatment, sug- 
gesting that embryos were subjected to some level of 
thermal stress during gestation. In contrast, Beuchat 
(1988) observed a large number of dead or abnormal 
offspring (> 60% in some treatments). Such high mor- 
bidities are even more striking considering females in 
Beuchat's (1988) study were field-collected and 
placed under experimental conditions much later in the 
season (= 1 month later) than the females in our study; 
hence, these embryos were only under experimental 
conditions for a few weeks before parturition. These 
results presumably also reflect high levels of experi- 
mentally induced stress on pregnant females and their 
embryos caused by constant high temperatures. 

The relatively low body mass of neonates from the 
35°C treatment was not entirely because of their 
shorter SVL; these neonates also had relatively low 
water contents. In accord, neonates exhibited greater 
similarity in dry mass than wet mass among treatments 
(dry mass was, however, lowest for neonates in the 
35°C treatment). The most likely site for the observed 
water deficiency is the urinary bladder. At parturition, 
the bladder of neonatal S. jarrovi contains dilute urine 
that constitutes = 13.6% of its total body mass 
(Beuchat, Vleck & Braun 1986). Using this value and 



506 the mean body mass of neonates in the 32°C and TmG 
T. Mathies & treatments (0.66 g, Table 2), it was predicted that the 
R. M. Andrews bladder of a fully hydrated neonate would contain a 

fluid content of 0.09 g. Actual body water content of 
neonates from the 35°C treatment was = 0.06 g less 
than that of neonates from the other two treatments. 
Thus, the deficiency in body water content exhibited 
by neonates from the 35°C treatment could have been 
because of an incompletely filled (= 33.3% full) uri- 
nary bladder. Such a reduction in fluid content of the 
bladder could adversely affect neonate survival 
because the bladder may serve as a reserve of reab- 
sorbable water that is used to buffer body tissues 
against osmotic perturbation during the first few days 
following parturition (Beuchat et al. 1986). 

Differences in SVL between neonates from the 
35°C treatment and neonates from the 32°C and TmG 
treatments persisted until at least 9 days of age. The 
effect of treatment on body mass was lessened 
through time; body mass of neonates did not differ 
significantly among treatments at 9 days although 
neonates from the 35°C treatment were still lighter on 
average than neonates from the other treatments. 
However, despite their smaller body size, neonates 
from the 35°C treatment were no less robust than 
neonates from the other treatments. Thus, for the traits 
measured, the overall effect of high incubation tem- 
perature (35°C treatment) on offspring phenotype was 
a reduction in body size (particularly SVL) of other- 
wise normally proportioned offspring. 

Variation in body size of the magnitude reported here 
can affect neonate survival and fitness. Large juvenile 
lizards have been shown to survive better than small 
juveniles (Fox. 1978; Ferguson & Fox 1984), occupy 
more optimal habitat (Fox 1978) and be socially domi- 
nant over conspecifics (Fox & Rostker 1982). 
Differential survival between smaller and larger juve- 
niles can be amplified when competition for resources 
is increased (Ferguson & Fox 1984). Thus, it is possible 
that differences in growth among neonates from the dif- 
ferent temperature treatments were not observed 
because food was always available in excess. 

Our results demonstrate that while temperatures 
near the upper set-point for postpartum females are 
not detrimental to pregnant females, pregnant females 
actively select relatively low body temperatures. 
Observations on the effect of relatively high body 
temperature on embryonic development indicate that 
pregnant females avoid high temperatures during 
pregnancy because such temperatures are deleterious 
to their offspring. Specifically, high temperature dur- 
ing gestation results in relatively small, and presum- 
ably less fit, offspring. 
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