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ABSTRACT 

Chalcides bedriagai were found to live under rocks, mostly at body temperatures between 25-35°C, and were 
active between mid-March and mid-October. Population density (excludingjuveniles) was 42 Ha-I in an abandoned 
field habitat, 990 Ha-1 in the utilised sub-habitat. Larger females had more young (overall range 1-6 per year), but 
offspring size and relative clutch mass (mean 0.37) were independent of maternal size. Escape success was linearly 
related to substrate temperature (T5}, ranging from 0 at l 7°C to 0.5 at 37°C. Pregnant females were found under 
rocks with higher T5 than other adults, and had reduced food intake. Food consumption of adults in summer was 
estimated from the production of urates as 1 2mg dry weight .g live weight-I .day- 1 •  This is similar to that of a cool 
temperate lacertid and a tropical nocturnal gecko, but only half that of a warm temperate lacertid. Energy 
expenditure on hibernation, maintenance and activity was estimated from the annual temperature profile and 
values of metabolic rate. Estimates were also made for energy used in reproduction, growth and sloughed skins. The 
total annual budget suggested an average daily food intake only half of that estimated in summer, and half of that 
expected from a general relation for active lizards in warm climates. 

INTRODUCTION 

Although studies of the thermoregulation of lizards 
are common, the inconspicuous burrowing and litter 
dwelling forms have been neglected (Avery, 1 982). 
This is even more true of energetics : despite the 
evolution of powerful (Nagy and Shoemaker, 1 975) 
and simple (Avery, 1 97 1 )  techniques of measuring 
food consumption there are still few data for lizards, 
and none for burrowing or semi-fossorial (living in 
l itter or under rocks) forms. We took advantage of a 
convenient population of the semi-fossorial skink 
Chalcides bedriagai to obtain data on these points. 

METHODS 

SITE D ESCRIPTION 

The study was made in a 3 .5  Ha area of abandoned 
vine fields at Calpe, Spain (4 1 °  N, 0° E) from July 198 1 
to September 1 983 .  The sandy soil was divided into 
small fields by dry l imestone walls, from which rocks 
had fallen which provided cover for the skinks. The 
area was completely enclosed, on two sides by hotels, 
by a major road and by the sea. 1 . 6 Ha of the area had 
be.en spoilt before the study by excavation of sand and 

dumping of rocks, possibly as a foundation to 
building. This spoilage continued during the study, 
increasing during 1 983.  The long term prospects for 
the area, which appeared to be a prime site for hotel 
development, are doubtful. 

The fallen rocks were mostly within 0.5m of the 
walls, the fields being occupied by old vines, a sparse 
(less than 5 per cent) cover of grasses and herbs, and a 
few low shrubs (Cysticus and Thyme/ea sp). 
Reproductive data is included from a few skinks in the 
nearby Jalon valley; these l izards were larger than 
those from Calpe. 

THERMO REGULATION 

The site was visited in all months from March to 
October inclusive (in different years), at all t imes of 
day. On each visit most of the rocks were turned over 
(and replaced). They were recorded into the categories 
large (>30cm greatest dimension}, medium (20-30cm) 
and small (<20cm or <5cm thick). Substrate 
temperature (T5) was measured in the soil under every 
rock where a skink was found, and a sample of others 
from each size category. The skinks were always just 
under the rocks, sometimes partial ly buried in the soil 
but always partly visible. On many occasions we 
stirred up soil under rocks, but did not locate any 
skinks in this way. 



1 45 A. H A I LEY, C. A .  ROSE A N D  E. PULFORD 

Body temperatures (Tb) were measured by a 0 .5mm 
diameter thermistor probe inserted into the cloaca 
within 30s of capture . Tb of juveniles could not be 
measured. In July 1 98 1  the thermal environment was 
studied intensively, so that the T under rocks of each 
size could be described in 1 . 5  hou� periods throughout 
the day in both sunny and changeable weather (Rose, 
Pulford and Hailey, MS). 

ECOLOGY 

Lizards were measured snout-vent length SVL and 
tail length,  and weighed with a Pesola scale to O. lg .  
They could not be  sexed repeatedly, even by  probing 
for hemipenes (females may have a sac in this region, as 
do C. ocel!atus; Wilson, 1 984), nor could regenerated 
tails be reliably differentiated from complete ones .  

From June to  August 1 983 a l l  l izards were retained 
in ! Ocm plastic petri dishes at room temperature (2 I -
280C) for seven days , a n d  t h e  faeces a n d  urates 
produced were collected. The l izards were given water 
twice during this period .  Afterwards those thought to 
be pregnant were kept in 1 5  x l Ocm sandwich boxes 
with 2cm of sandy soil at  room temperature, and fed on 
wild crickets until the young were born . Mothers and 
young were weighed within 12 hours of birth .  In view 
of the site development the sk inks were t ransported 
elsewhere: th is enabled a trap-out  density estimate to 
be made. 

ENERGETICS 

Food consumption was estimated from the 
production of faeces and urates after Avery ( 1 97 1 ) .  
Ten l izards ( 4 .  7±  1 .0g (SD)) were kept  in 1 5  x ! Ocm 
plastic arenas in a cage heated to 28-30°C by a 60W 
light for J O  hours a day ,  fall ing to 20°C at night . They 
were fasted for seven days, then fed small mealworms 
a t  different constant rates for I 4-20 days. The l izards 
were then kept for seven days at  temperatures 
fluctuating between 20 and 25-28°C, and the faeces and 
urates produced were collected. This was done three 
times, with three week intervals of feeding on wild 
i nsects in a large cage between trials. 

Faeces and urates were dried in a desiccator and 
weighed to 0. 1 mg. The faeces produced during and 
after each of the three feeding trials were pooled, 
powdered, and the energy content was determined 
with a Phillipson micro bomb calorimeter (two pellets 
for each trial). A sample of meal worms were dried at 
70°C, powdered, and their energy content determined. 
Absorption efficiency ( (  consurnption-faeces)/con­
sumption) of energy and of dry weight was calculated 
for mealworms. 

Absorption efficiency was also measured for hard­
bodied prey, woodlice. Ten l izards were kept in a 50cm 
diameter plastic arena, with a lamp for thermo­
regulation 10 hours a day and folded paper shelters. 
They were fed woodlice for ten days, uneaten food and 
faeces being collected daily. Faeces were collected for 
ten days after feeding. Woodlice and faeces were dried, 
powdered, and their energy content measured as 
above . 

RESULTS 

ECOLOGY 

Several trips round the site revealed no lizards in 
mid-March ( 1 982 and 1 983) and late October ( 1 982) .  
Fig .  I shows the sizes of l izards captured between these 
periods, with the growth curve estimated from them . 
Lizards with SVL under 45mm formed a distinct group 
and were termed juveni les in the field ,  and i t  is 
probable that this s ize is reached in the July after birth .  
Lizards of  SVL 45-55mm formed a less distinct group , 
termed subadults; 55mm is probably reached in the 
second July after birth. Thereafter there were no 
dist inctions, and all were termed adults. Lopez­
Juraldo, Jordano and Ruiz ( 1 978) recognised four s ize 
groups in a field study of this species. 
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a nnual  activity period, with esti mated growth curves. The 
star shows the mean s ize at, and date of, birt h .  Open circles 
are pregnant females .  

Without dissection,  the only way to distinguish the 
sexes was in the reproductive season when females 
were pregnant .  Thirty-seven adults were captured in 
June and before 1 8  July 1 983 (when the first juvenile 
was seen), and 2 1  of these later gave birth , suggesting 
an even sex ratio with breeding every year. Pregnant 
females had a mean SVL of 68mm, range 57-75mm 
(two pregnant females from Jalon measured 73 and 
84mm).  

Offspring size was i ndependent of maternal size 
(Fig. 2). Mean offspring size was 0.423g (SD = 0.056, 
correlation with maternal SVL r = 0 .26, n = 47, 
P>0. 05) and 30.4mm (SD = 1 . 3 ,  r = 0. 1 6, n = 49, 
P>0.05). These s izes are similar to those given by 
Salvador ( 1 98 1 ) . The number of young increased with 
maternal size ( Fig. 3a), the regression being 

Number of young = 0. 1 14 SVL (mm)  - 5 . 2  
( n  = 22, F = 1 8 .7 ,  P<0.00 1 ). 
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The mean number of young was 2. 1 5  per female 
(2. 4 1  including the two females from Jalon). Relative 
clutch mass RCM was calculated as total offspring 
weight/maternal weight after birth (Shine, 1980). This 
was independent of female size (Fig. 3b ); 

RCM (%) = -0.343 SVL (mm) + 60 
(n = 20, F = 0. 73, P>0.5) .  

Mean RCM was 37 per cent (SD = 1 1 ) . After birth of 
the young, females were on average 0.99g lighter than 
when they were captured, and they produced on 
average l . 04g of offspring. Thus the females plus 
young did not increase in weight during the time the 
female was in captivity. Females ate the placentae after 
birth . There was no relationship between time in 
captivity and mean weight of offspring (n = 20, F = 1 . 2, 
P>0.25). 
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Fig. 2 Independence of (a) offspring weight and (b) offspring 
length with maternal size. 

The trap-out estimate for adults and subadults in 
this closed population is shown in Fig. 4. This is the 
intercept of the regression on the abscissa in Fig. 4b 
(Southwood, 1 978), which is 79. This is similar to the 
minimum population size (the number removed), 77. 
The crude density (Odum, 1 959) was thus 42 lizards 
Ha-1 in the undisturbed 1 . 9  Ha of the site, similar to 
densities reported for other small skinks (Turner, 1 977; 
Barbault, 1 983). The lizards only used the rocks in the 
areas around the bases of the walls, extending for 
about 0.5m on each side of the wall .  The ecological 
density (Odum, 1 959) was therefore much higher, 

20 

60 

• • • 

70 
SVL ( mm )  

8 0  

Fig. 3 Relations between maternal size and (a) number of 
young and (b) relative clutch mass (%). 

990 Ha-1 in the 0.08 Ha of their base-of-wall habitat 
(calculated from an area 0.5m on each side of the wall). 

ENERGETICS 

The weight dependence of production of faeces and 
urates in the seven days after capture (pregnant 
females excluded) was described by the equations 

F = 6.76 W L00±0. 19 (n = 59, r2 = 0.33, P<0.0 1 )  ( l ) 
U = 3.98 wo.66±0. 1 3  (n  = 59 ,  r 2  = 0.3 1 ,  P<0.0 1 )  (2) 

where F and U are dry weights of faeces and urates 
respectively in mg and W is Jive weight in g. Hard parts 
identified in the faeces included the remains of beetles, 
woodlice, spiders, cockroaches (a small wild species), 
and orthopterans. The 0.66 exponent for urates is 
similar to the 0.65 for standard metabolic rate of 
C. ocel/atus (Bakker and Andrews, 1 984). 

Pregnant females produced less faeces and urates 
than other lizards (Fig. 5). The smallest pregnant 
female weighed 2. 1 9g; the mean weight-specific 
production (with SD) of faeces and urates of all lizards 
of this weight or more was 

Faeces mg.g-1 
Urates mg.g-0.66 

Pregnant 
(n = 2 1 )  
4. 1 (2.4) 
2.9 ( 1 . 8) 

Non-pregnant 
(n = 32) 
9. 1 (5 .6) 
4.7 (2. 3) 
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As t he variability increased with the mean in these 
data, they were log transformed for t t ests .  The non­
pregnant  and pregnant  means were significantly 
different for both faeces and urates (t = 3. 80 and 3. 1 8 , 
P<0.00 1 and P<0.0 1 ,  respectively). 
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The production of faeces and urates in seven days 
after feeding were related to food consumption by the 
regression eq uat�ons 

F = 0 .33  C - 0.9 (n = 30, r2 = 0.47, P<0. 0 1 )  (3) 

U = 0. 1 5  C + 4.5  (n = 30, r2 = 0.35, P<0. 0 1 )  (4) 

where C is dry weight of meal worms consumed per day 
(all quanti ties in mg). The correlation between U and C 
was not i ncreased by taking account of body weight 
( i .e .  using U expressed as either mg.g- 1 or mg.g-0.66

, 
rather than mg), presumably due to the  small s ize 
range of l izards used in these tr ials .  The dry weight ,  
energy content and absorption efficiencies (AE) of 
mealworms and woodlice were 
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During one of the feeding trials (a total  of about 44 
skink-weeks including the FU col lection period) eight 
shed skins were removed from the p lastic arenas. This 
suggests that the l izards shed approximately every 4.5 
weeks .  Six dried s kins had a mean weight of 44mg (SO 
= 1 7). 

THE RMOREG U LA TION 

98 per cent of all l izards were found beneath rocks . 
In addition they may have inhabited the wal ls 
themselves. The open areas were too hot to be used in 
summer (T5>55°C), and were a lways exposed. Bushes 
covered a very small  area compared to  the rocks . Body 
temperatures were similar to the T5 under the rock 
from which the l i zard came (Fig. 6, r = 0. 89). The 
regression of Tb on T5 was significantly different from 
Tb = T5 (ANCOVA P<0.05),  but the d ifferences 
between Tb and T5 were smal l  (<4°C) and easily 
attributable to warming in the hand. The small s ize and 
overlapping anal scales of this species made rapid 
measurement of Tb difficult .  As the l izards spent much 
of  the time beneath rocks and at the same temperature 
as the soi l  under them, description of under-rock T5 
wil l  provide a good guide to the T bs experienced by 
C. bedriagai. 
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Fig. 6 The relationship between body temperature and the 
temperature of the substrate under the rock where the l izard 
was found.  

The thermal niche of C. bedriagai is shown in  Fig. 7.  
This is the proportion of time spent at different T5 (and 
by implication Tb) ,  and is used both in the calculation 
of metabolic costs (below) and in interpretation of 
temperature-performance relations (Hailey, in prep . )  
Fig. 7a,b shows T experienced during the  night and 
day,  respecti vely, from data on T5 at different times of 
day in each month , and assuming a l inear fal l  in T5 at 
n igh t .  Substrate temperatures from rocks under which 

adult and subadult l izards were found a re shown in 
Fig .  7c. This is a less good measure of their  thermal 
n iche during activity, since sampling was not evenly 
dist ributed over the yearly and daily activity period. 
Mean and SO these T5 are 28.5 and 4. 22°C (n = 250). 

Substrate temperatures selected by pregnant females 
are compared with those selected by other adults from 
7 June to 20 July. Mean T5 of the pregnant females, 
3 1 . 2°C, SO = 3 . 84,  n = 2 1  was significantly different 
from that of the other adults , 28 .0°C, SO = 3 .20, n = 20 
(t test , P<0.0 1 ) .  T5 selected by juveniles are compared 
wit h  those selected by adults and subadults in the 
period after the birth pulse (5 July to I September) . 
There was no significant difference : juveniles mean 
30. 2°C, SO = 3 .92, n = 72; others mean 29. 5°C, 
SO = 3 .57 ,  n = 94 (t test ,  0. 3>P>0.2). 
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Fig. 8 shows the effect of weather on the thermal 
environment and T bs in July. In changeable weather T5 
were significantly lower than on sunny days, and all 
observed T bs were lower than those found at similar 
times on sunny days. Mean Tb recorded on sunny July 
days was 32.6°C, significantly different from the mean 
of 29. 1 °C for changeable days (F test, P<0.001 ). 

Pregnant females captured early in June gave birth 
after those captured later in the season, so that the date 
of birth was dependent on the time that the female had 
been in captivity (Fig. 9a). This could be an artifact, 
since females giving birth early could not have been in 
captivity as long as those giving birth later. The dotted 
line in Fig. 9a shows the earliest possible birth date for 
any period in captivity, i . e .  points could not occur 
below this line. The absence of data in this area does 
not seem responsible for the correlation observed, 
suggesting that it is a real phenomenon. 
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date of birth for each period in captivity. (b) The temperature 
dependence of escape

.success. Each point is the mean T5 and 
escape success of 25 lizards. 

This is probably a thermal effect , since the females 
were kept at a lower temperature (daytime maximum 
25-28°C) than they would have experienced under 
rocks (mean 3 l .2°C). The regression for the 
relationship between time in captivity and date of birth 
(days after I July) was: 

Date of birth = 0.37 days in captivity + 1 3  
( n  = 2 1 ,  F = 26.3, P<0.00 1). This predicts that the 
mean birth date in the wild in 1 983 was 14 July. 

The similarity of Tb to T allows an unusual 
opportunity to estimate the rb of the lizards that 
escaped as well as those that were captured. The effect 
of temperature on escape success (number which 
escaped/number encountered) can thus be shown in 
the wild (Fig. 9b). The 250 recorded T for adults and 
subadults were ranked and divided intb ten successive 
groups: the mean T5 and escape success were then 
calculated for each group. The regression fit is 

Escape success = 0.029 T5 - 0 .50 
(n = 10, F = 30. 1 ,  P<0.00 l ). This predicts that at l 7°C 
and below all l izards would be captured, and that at the 
maximum observed T5 (37°C) about half would escape. 

Fig. 10 shows habitat selection in terms of the sizes 
of rocks occupied at different times of year: lizards 
preferred larger rocks in summer. The association 
between rock size and month is significant (September 
and October combined, G test, P<0.00 1 ). This is 
probably because the soil under the smaller rocks 
became too hot, although there may have been 
additional effects of humidity or food investebrates. 
On sunny days in July maximum T5 was reached in the 
1 5.00- 1 6. 30 GMT periods : the means (°C, with SD) for 
different rock sizes were 
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DISCUSSION 

ECOLOGY AND TH ERMOREGULATION 

The thermal relations observed during July were 
very similar to those found by Lopez-Juraldo, Jordano 
and Ruiz ( 1 978) in a study of this species on Tabarca 
Island, Alicante Province. Body temperatures of 72 
'active' l izards on Tabarca were in the range 24-35°C, 
mean 30. 5°C :  at Calpe, July Tbs were in the range 
23. 6-35.8°C, mean30. 6°C. The mean T5 of eight refuges 
was 28. l °C on Tabarca: T5 of 1 25 rocks under which 
skinks were found at Calpe was 29. 8°C (SD = 3.6) .  
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Lopez-Juraldo et al ( 1 978) also noted a close 
correlat ion between Tb and T5. This repeatabi l i ty  of 
results  suggests that the  thermal relations of  
C. bedriagai h ave been  accurately described. 

There is some doubt,  however, about the h abits of 
t h is species and the l evel  of  thermoregu l at ion it  can 
achieve. Salvador ( 1 974) suggested t h at C. bedriagai is  
usual ly only active i n  the  early morning, when i t  sets 
out  on a food search, then  spends t h e  rest of the  day i n  
i t s  h iding p l ace. Lopez-Juraldo e t  al ( 1 978)  n o t e  t h at 
Tb is greater than T5 between 06 and 1 0  h ,  and that Tb is 
independent of  air temperature :  they suggest that 
C. bedriagai basks in the morning. 

Observat ions al  Calpe s uggest that th i s  l i zard is very 
seldom act ive on the  surface, and forages u nder rocks 
throughou t the  day . All those disturbed u nder rocks 
were alert, rather than s l eepy as o bserved at night i n  
captivity . W e  found n o  direct evidence of  bas k i ng i n  
t h e  fie ld a t  any t ime ,  and attributed t h e  e l evation o f T  b 
above T5 to warmi ng during measurement .  It is 
possib le  that s k in ks select the warmest posi t ion u nder 
an individual rock . It  is admitted, however, t h at sk in ks 
bas k ing near a rock wou ld  be inconsp icuous and may 
ret i re un der i t  before d iscovery. Th is type of  bas k ing 
h as been seen in C. ocel/atus (Caborn ,  1 98 1 ) ,  although 
th is  species seems to be more act ive above grou n d  than 
C. bedriagai (Arnold and B urton ,  J 978) .  On two 
occas ions a s k i n k  from u n der a coo l  rock moved faster 
t han it was expected to from p revious experience, and 
th i s  may be evidence for bask ing. I t  i s  u n l i k ely that  
C. bedriagai spend long periods bas king in  the  wi ld as 
they wil l  in  captivity , but possib l e  thermoregu lation 
must be taken account of in the calculat ion of  
metabo l ic expenditure. 

Pregnancy has been found to affect thermoregu lat ion 
other sk inks (Sh ine, 1 980) ,  though as  an i n crease in  
bas k ing rather than by se lect ion of m icrocl i m ate.  The 
latter i s  probably less costly in  terms of  the  t ime  which 
has to be used thermoregu lat ing, and i n  t h e  r i sk  of  
predat ion.  H owever, another 'cost '  of  reproduct ion ,  
reduced food intake,  i s  h igh i n  C. bedriagai (below). 

Fooo CONSUMPTI ON 
Two independent est imates may be made o f t  h e  food 

consumption of a 4. 7g C. bedriagai (the mean siz� of  
an imals  used i n  the  cal i brati o n  ofF and U produ ct ion)  
i n  summer,  based on faeces and urate  produ ct ion ,  
respectively. The weight-specific  amount  o f  faeces and  
u rates produced by non-pregnant adults ,  9. 1 mg.g- 1  
and 4 .  7mg.g-0. 66 respectively convert to 43mg faeces 
and I 3mg urates for a 4. 7g l izard. These values wou ld 
be expected from food consumpt ion of  1 33 and 57mg 
dry weight.  day- 1 from equations 3 and 4, respect ively .  

Valverde ( 1 967) 

Mel lado et al ( 1 975) 

Seva a n d  Escarre ( 1 976) 

Beet les 

56 

3 5  

47 

Woodl ice 

1 9  

22 

4 

Est imates of faeces and urates produced by a 4 . 7g 
l izard fro m  equat ions I and 2 (32 and 1 1  mg, 
respect ively) are l ower. This is becaus e  the regressions 
are for log-transformed data, in which the effect of the  
h igh valu es is  reduced (Sokal and  Rohlf, 1 98 1  ) .  

Two factors may contribute to the  est imate from 
faeces being h igher t h an t h at from urates. 
(a) L izards in t h e  fie ld  may i ngest sand and d irt with 

t h ei r  food,  wh ich  w i l l  p ass into the faeces : l izards 
i n  clean arenas do not h ave th is  problem. This is 
l ikely in C. bedriagai w h ich l ives in sand; Bosca 
( 1 880) noted partic les of  sand in  the gut. 

(b) N atural  prey m ay be l ess easy to d igest t han 
mealworms.  This may h ave two effects. Firstly, if 
the food tak es l onger to d iges t ,  there will be more 
i n  the  gut at any t ime .  I f  the  gut is evacuated 
during the seven day period, more faeces wi l l  be 
produced from material wi th  a long p assage t ime. 
Secondly ,  i f there are h ard parts which cannot be 
digested then more faeces wil l  be  produced from a 
given amount  o f  food (Avery , 1 978) .  This is also 
l ik el y  i n  C. bedriagai, which has previously been 
fou n d  to t a k e  at l east 50 per cent of prey having 
hard exoskeletons (beet les) or mineral armour 
(woodlice) (Table I ) . The i mportant measure here 
is  the  efficiency of producing faeces, i . e .  ( 1 00-A E) .  
Th i s  was 1 5  per  cent for m eal worms and 1 9  per  cent 
for woodli ce on a dry weight basis, which would 
cause an esti m ate  from faeces to be 25 per cent 
greater than one from urates. 

The value 57mg dry weight . day- ' from u rates is thus 
preferred.  This may be compared to estimates for other 
l i zards us ing t h is techn ique ,  al l  calculated for a 4. 7g 
l izard (su m m er or dry season values, mg dry 
weight . day- ' ) :  

Lacerta vivipara 68 (Avery , 1 9 7 1 )  
Podarcis muralis 9 5 (A very, 1 978)  
Hemidacty!us brook ii 46 (A very, 1 98 1 ) 

Thus food intake of C. bedriagai is s imi lar to t h at of the  
act ive cool  temperate L.  vivipara and the  tropical 
nocturna l  s it-and-wait H. brookii. It is o n ly one ha lf  
t hat of  the  active P. m uralis from an area of  s i m il a r  
cl imate.  

In  order to make the est imate of food consu mption 
comparable  w i th  a w ider range of data for l izards , i t  
m ay be converted to ut i l i sable energy , us ing  the  valu e  
2 1  K J . g  dry weight- ' for energy content of  sma l l  
i nvertebrates and an ass i m ilat ion effic iency of  90  per 
cent (Turner, M edica and Kowalews ky,  1 976). This 
g ives a 4. 7g C. bedriagai a ut i l isable energy intake of 
1 . 08  KJ . day- 1 in summer, s imi l ar to the  I .  I I KJ. day- 1 
calcul ated for a 4. 7g l izard from equation (29) of 

Spi ders 

I l 

20 

1 5  

Ot her 

1 4  

2 3  

3 4  

N 

7 3  

4 0  

3 3 8  

TA B L E  I :  Publ ished ana lyses of t h e  d i e t  o f  Chalcides bedriagai. V a lues are t h e  percentage of N prey i tems.  
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Turner et al. ( 1 976). This equation was, however, 
based on data for average daily intake throughout the 
active season. 

The effect of reproduction on food int-ake was 
estimated from the weight-specific production of 
faeces and urates by pregnant females, 4. l mg.g-1 and 
2. 9mg.g-0. 66 respectively. These give estimates of food 
intake of 61 and 24mg dry weight . day- ' for a 4. 7g 
lizard, respectively 46 per cent and 42 per cent of the 
calculated intake of a non-pregnant lizard of this size. 

Part of this reduction might be an artifact of the 
weight of the young, if these did not contribute to 
maternal production of faeces or urates. This effect 
would be greatest if the young were of maximum size, 
when it would lead to an estimate only 73 per cent 
( 1/ 1 . 37) of the real value. The observed reduction is 
twice as large as this, suggesting that ·it is real. 

ENERGY B UDGET 

An estimate of annual energy turnover in an adult  
C. bedriagai, comparable to the data used by Turner et  
al ( 1976), may be made from estimates of expenditure 
on respiration and production. 

The cost of respiration is estimated from the  body 
temperature profile and the metabolism-temperature 
relationship. Values of standard metabolic rate SMR 
are from Patterson and Davies ( 1 978) :  over the interval 
5-37°C SMR increases exponent ial ly with temperature 
according to the equation 

Log SMR = 0. 043 1 T + 0. 8 8  (5) (Hailey, in prep). 

where SMR is in µ102.g- 1 . h- 1  and T is 0C . Over the  
activity Tb range 20-37°C act ive metabolic rate AMR is 
_related to temperature by 

Log AMR = 0. 0335 T + 1 . 8 3  (Hailey, in prep. )  

giving a mean factorial scope for maximum activity of 
4. 7 times (range 4. 1 at 30°C to 5.9 at 20°C). 

The cost of maintenance was estimated from t he  T5 
profiles in Fig. 7, equation (5) ,  and the conversion l ml 
oxygen consumed = 20 J (Morrison and West, 1 975) 
(Table 2). The frequency distribution of under-rock T5 
in the hibernation period (not shown) was extrapolated 
from values in October, December and March. 

Two estimates were made of the cost of daytime 
maintenance: 
1) Using the daytime T5 profile (Fig. 7b). 
2) Using the T5 profile for rocks under which lizards 

were found (Fig. 7c). 
The former is a minimum estimate, and assumes that 
the lizards do not thermoregulate under any 

Hibernation 

% of year 4 1 

Mean Tb (0C) J O. I 
Mean SMR (µ l .g . - 1 . h- 1 2 1  

Maintenance (KJ.year- 1 )  7. 3 

condit ions . The latter is a maximum estimate, and 
assumes that under any conditions the lizards can 
reach a preferred body temperature of 25-35°C 
(distribution 7c is not significantly different from 
temperatures selected in a th ermal gradient - Hai ley, 
in prep . ) .  

Estimating t he  extra cost of  activity depends on the  
Tb profile during activity, and the  value of  routine 
factorial scope. Three activity Tb profiles have been 
used, I) and 2) as for maintenance above, corres­
ponding to diurnal activity with minimum or 
maximum thermoregulation, respectively. A third Tb 
distribution was added: 
3) Combining the  T5 profiles of Fig. 7a and 7b, 

including night T5>20°C and excluding day 
T5<20°C . 

This t akes account  of the 20°C minimum voluntary 
temperature for activity (Hailey, in prep . ) ,  and 
includes crepuscular or nocturnal activity where T5 is 
high enough . 

Routine scope in l izards has been measured as abou t 
2. 5-3 . 5 t imes SMR during the activity period: 

Sceloporus 
occidentalis 

Cnemidophorus 
murinus 

Sceloporus 

2 . 5- 3 . 1 ( B e n nett & Nagy, 1 977) 

3.4 ( B ennett & Gleesor<; 1 979) 

graciosus 3. 1 (Congdon & Tinkle,  1 982) 

Turner et al ( 1 976) used a value of 2. 5 in their model; 
here, fol lowing Congdon, Dunham and Tinkle ( 1 982), 
estimates are given for different values between l. 5 and 
3 . 5  (Table 3) .  A value in the middle of th is range may 
be most realis t ic in view of the low scope for maximum 
act ivi ty in C. bedriagai ( 4. 7 com pared to a mean of 
about 8 for l izards in general - Kamel and Gatten, 
1 983). 

The cost of producing sloughed skins was estimated 
as : 0.22 sk ins per week over a 3 I week annual act ivity 
period , each skin weighing 44mg, energy content 
23.4 KJ.g- 1 •  The latter value is from sloughed snake 
sk ins (Smith ,  1 976). This comes to 7.0 KJ year- 1 for an 
adul t  C. bedriagai. 

The cost of reproduction was estimated from the  
RCM of 3 7  per cent and an energy content oft he young 
of 5 KJ.g live weight- 1, totalling 8 .  7 KJ.year- for a 4. 7g 
lizard. In addition there will be a cost associated wit h 
development of the  young. This may be estimated for 
the viviparous sk ink  Sphenomorphus quoyii, from the  
chemical composition of the  egg and embryo at  the 
start  and end of development (Figs. 3d and 5e of 

Night Day ( I )  D ay ( 2) 

23 35 3 5  

1 7.4 24. 4 28. 5 

4 7  1 05 1 46 

9. 1 30. 3 42. 1 

TAB L E  2: Estimates of annual maintenance costs of a 4. 7g. C. bedriagai from st andard metabol ic  rate and temperatu r e  profi les .  
The two estimates of daytime maintenance ( 1 ,2)  are from the t e mperature profi l es in Fig.  7b and 7c ,  respectively (see  text) .  
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Thompson, 1 98 1 ) , plus values for the  energy content of 
fat , protein and carbohydrate (Dowgialls,  1 975) .  I n  
S. quoyii a n  average egg conta ins 7 . 4  K J  a t  the start of 
development,  and the offspring conta ins 5. 7 KJ.  Thus 
l .  7 KJ  is used during development, 30 per cent of the 
energy content of the offspring when born. Applying 
th i s  to C. bedriagai, a 4. 7g female would spend 
2 .6  KJ .year- 1 on the you ng for t he ir  development, and 
their total cost would be l 1 . 3  KJ . year - 1 •  

Expenditure on growth of a 4 .  7g  adu l t  l izard may be 
given min imum and maxi mu m est imates. The former 
is zero growth, 0 KJ . year- 1 •  The latter is that i t  wi l l  
grow to the  max imum observed s ize of 6. 3g, with the 
I .  6g of new tissue having an energy content of 5 K J  . g- 1 ,  
giving 8 .0  KJ.year- 1 •  

These components o f  the  annual energy budget are 
l isted in Table 4, and give an est imate  ofu t il ised energy 
of 8 1 - 1 7 1  KJ .year- 1 for a 4. 7g C. bedriagai. This large 
range mostly resu lts from uncertainty about the 
annual cost o f  act iv ity,  particu larly the value for 
routine  factorial scope; t h is h as much more effect t han 

Temperature 

differences between differences between temperature 
profiles (Table 3) .  In view of the low scope for 
maximum activity in C. bedriagai, a routine scope of  
about 2. 5 seems l ikely, giving an annual cost of activity 
of about 52 KJ .year- 1 •  Using mean values for the other 
components, the  annu al energy ut i l i sation of a 4. 7g 
C. bedriagai is 1 26 KJ .year- 1 •  

This energy must b e  obtained dur ing t h e  3 1  week 
activity p eriod, giving ut i l isable energy intake of 
0. 58  KJ .day- 1 •  This is only 54 per cent of the est imated 
1 . 08 KJ . day- 1 u t i l isable foo d  intake in  summer, 
probably reflecting reduced food i ntake during cool 
weather, and during pregnancy. 0. 58  KJ . day- 1 is 52  per 
cent of the ut i l isable intake est imaced for a 4. 7g l izard 
from the equation of Turner et al ( 1 976), which is aiso 
for average daily intake over the activity season .  This 
data was mostly for l izards of active habits (except 
Ano/is, Sauromalus and Egernia) from warm climates 
(except L. vivipara and L. agilis). Thus average daily 
ut i l isable energy intake of  C. bedriagai is only half that 
expected for an active dinurnal l izard from a warm 
climate. 

Routine factorial scope 

profi le I .  Sx 2 . 0x 2. Sx 3 . 0x 3. 5 x  

l Dayt i m e  T5 j 5 3 0  45 6 1  76 

2 O bserved T5 2 1  42 63 84 1 05 

3 A ll T5>20°C 1 6  3 1  47 63 79 

M ean J 7 34 52 69 87 

T A B LE 3 :  Est i m ates of t h e  a n n u a l  cost  o f  activity o f  a 4. 7g C. bedriagai from d i fferent  v a lu es o f  r o u t i n e  scope a n d  t e m per a t u re 
profi l es . Values are K J . year . - 1 •  

R espirat ion,  H i bernation 

Respirat ion,  M a i ntenance, night 

R espirat ion,  M ai n t en ance,  day 

Respirat ion,  A ct ivi ty  

Respirat i o n ,  R eproduct i o n  

Product ion,  Skin 

Product ion,  Reproduct ion 

Product ion,  G rowth 

Total  

KJ.year- 1 

7 

9 

36 

52 

3 

7 

9 

4 

1 26 

R ange 

( 3 0-42) 

( 1 7-87) 

(0- 8 )  

( 8 1 - J 7 1 )  

% 

5 

7 

29 

4 1  

2 

5 

7 

3 

T A B L E  4: Est imates of a n n u a l  energy budget components for a 4. 7g C. bedriagai. 
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