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Cotnparative Field Energetics of a Kalahari Skink 
(Mabuya striata) and Gecko (Pachydactylus bibroni) 

KENNETH A. NAGY AND MICHAEL H . KNIGHT 

Many diurnal lizards maintain comparatively high body temperatures by means 
of behavioral thermoregulation. They should have higher daily integrated body 
temperatures, and hence higher daily energy and food requirements than noc-
turnal lizards, which have lower body temperatures when active. We tested this 
hypothesis with a diurnal skink and a nocturnal gecko, both of which are arboreal 
insectivores. Doubly labeled water measurements indicate that field metabolic 
rates (FMR), water flux rates, and feeding rates do not differ between these two 
sympatric Kalahari lizards. Our results suggest that geckos: 1) may have higher 
body temperatures during the daytime; 2) may be more active while abroad; 3) 
may be abroad longer each day; and, 4) may have different thermal effects on 
their energy metabolism than previously thought. 

ENERGY use by ectothermic animals de-
pends , in part., on bod y t.cmpcrat.ure (Bar-

tholom ew, 1982). Rest ing (or standard) meta-
bolic rates of reptiles double or triple with a I 0 
C increase in body te mpe rature until the tem-
perature at which normal activity occurs is 
reached (Bennett and Oawson , 1976). Thus, th e 
warmer a lizard is , th e greater its e nerg y ex-
penditures for maintenance . Activity costs arc 
additive to resting costs , a nd small, active, diur-
nal lizards have metabolic rates that are about 
three times high e r than wh e n they are at rest 
(Bennett. and Nagy, 1977: Merker and Nagy, 
1984). The energetic costs of staying warm and 
be ing active are such t.hat a sma ll , diurnallizan:l 
typically spends about eight tim es more e nergy 
to be abroad and active for a da y tha11 it does 
to rema in in a cool burrmv all day (Merker and 
Nagy, 1984). 

We h ypothes ized th at these profound effects 
of tempe rature on the dail y e ne rgy ex pendi-
tures of lizards should b<' reflected, in general, 
as systematically lower field metaboli c rates in 
nocturnal lizards as com p;.t'rcd with diurnal liz-
a rds . We tested this hypo th es is by comparing 
the f1 e ld me tabolic rates (FM R) of a sympatric 
diurna l skink a nd a noctu rnal gecko. Both 
species are insectivorous, weigh between 15-20 
g, and live on the trunks of acacia trees, re-
placing each other on the same trees at sunrise 
and sunset. Thus, th e species are quite similar 
ecologically, with th e main difference be ing the 
daily timing of the activity period. 

MA·rF.RtALS AND MF.THoos 

We studied adult skinks (i\1abuya striata) and 
geckos (Pachydactylu s bibroni) li ving on trees, rock 
walls and buildings in Nossob Camp, Kalahari 
Gemsbok Nation a l Park, South Africa, during 
13-28 Oct. (austral spring) 1986. The trees in 
camp were th e native species Amcia Prilvba and 
Boscia a.lbilrunm along with a few exotic ProsojJis 
chilmsis. Some li zards lived near a n irrigated 
garden, a nd thus experie nced a more mesic 
habitat t han others we studied. We recorded 
locat ion s of each lizard , evaluated th e 
rectecl FM R and water influx results for any 
significant differences between individua ls liv-
ing close to , and far from, the garden, and found 
non e (probability va lues (f PsI > 0.35, Students 
t-values I t1 = 0.50 a nd t = 0 .3 8, respectively, 
degrees of freedom ldfl = 4 fot· both) compar-
ing the three skinks nea res t the garden with th e 
three more distant skinks, and P > 0.08 (t = 
0.96, df = 7 for FMR) a nd P = 0.056 (Mann-
Whit ney U value I U I = 3, 11 = 5,4 for water 
influx), comparing the fi vt' geckos near the gar-
den with four farth er away. However, because 
th ese lizards may have experi e nced a somewhat 
lushe r hab itat inside the camp than li zards in 
th e field, caution is advised in ma king compar-
iso ns of our results with those from other stud-
Ies. 

On 13 Oct. 1986, 12 skinks were captured in 
the morning, and 13 geckos were caught after 
rlusk. A ll li za rds were given an intraperitonea l 
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injection ofO.l 0 I ml of sterile water (contaiJling 
95 atoms o/c_ oxygen-18 and 30 microcuries of 
tritium) at the time of capture. Each lizard was 
weighed to the nearest 0.01 g and gi,·en an iden-
tification number (painted on its back). Some 
of the toes of the skinks, but not the geckos, 
also \·vere clipped for future identification . One 
hour after injection, about 50 microliters of 
blp.od were taken from an orbital sinus, and the 
lizard was released at the point of capture. Two 
we·eks later (27-28 Oct.), we recaptured six 
mat·ked skinks and nine marked geckos. Each 
lizard was then weighed and a second blood 
sample was taken before re-release. When pos-
sible, we took urine samples rather than blood 
samples from recaptured in orde r to 
minimize trauma. Urine has been found to reach 
isotopic equilibrium with blood within several 
hours after injection (Nagy and Costa, 1980), 
so using urine samples rather than blood from 
recaptured lizards should introduce no error. 

Samples from injected lizards, along \·vith 
three samples from uninjected lizards (for mea-
surement of isotope natural abundance levels) 
and a sample of the injection solution, were 
Ha me-sealed in glass capillary tubes and kept on 
ice during transport to the University of Cali-
f'ontia, Los Angeles for analys('S. We micro-
distilled samples to obtain pure v.·ater. which 
\as then analyzed fm· tritium using a liquid scin-

....lllation counter, and for oxygen-18 by proton 
activation analysis (Wood et al., J 975: Nagy, 
I983a). Rates of C02 pn>duction and wat.et· flux 
were calculated using the equations for linearly-
changing body water volumes (Nagy, 1980: Nagy 
and Costa, 1980), and heat equivalents of C02 

volumes were calculated assuming that an insect 
diet yields 25.7joules IJI/ml C02 (Nagy, I983b). 
We corrected FM R data for differences among 
individual lizards ' body masses using the mass 
exponent 0.80 (Nagy , 1982a). This exponent 
was calculated from iguanid lizard FMR data, 
but we used it for our skink and gecko data 
because exponents for scincici and gckkonid liz-
anls presently atT unavailable . Water flux data 
were corrected for mass differenu·s using the 
mass exponent. 0 .91 for reptiles living in arid 
and semi-arid habitats (Nagy , 1982b). 

Conversion of Fl'vlR data from units of C02 

production to units of heat production, and es-
timation of feeding rates from FM R and water 
influx rate data require knowledge of the diet 
and its chemical composition. Both species of 
lizards are known to eat arthropods primarily 
(Huey and Pianka, 1977: Pianka and Huey, 

1978: Pianka, I986) , and we confirmed this by 
analyzing stomach contents of all recaptured 
animals, along with eight unmarked skinks cap-
tured at the end of the study. A fire-polished 
glass cannula was gently inserted down a lizard's 
esophagus, and all of its stomach contents were 
massaged into the opening of the tube and re-
moved. Prey items were identified using a dis-
secting microscope. 

We measured minimum and maximum air 
temperatures with a Min-Max thermometer 
placed in continuous shade at ground level. 
Rainfall amounts \·vere recorded using a stan-
dard meteorological rain gauge located \·vithin 
Nossob Camp. 

Results are expressed as means along with 
95 7t confidence intervals. Comparisons be-
tween mean values were done . with Student's 
t-statistic, after confirming that distributions 
\-vere homogeneous by means of the F-statistic 
(Afifi and Azen, I979) . For nonhomogeneous 
distributions, we used the Mann-Whitney U-sta-
tistic (Dixon and Massey, 1969). 

RESULTS 

The mea 11 hod y mass oft he recapt lltTd ski 11 ks 
g) was about 17'/r grcattT than that of the 

geckos ( 16 .6 g). but this difference is not statis-
tically significant (Table 1). Both specit's main-
tained essentially constant body masses on av-
erage. Thus , '"'e used the mean values of 
physiological variables in Table I to represent 
steady-state conditions in free-living lizards. 

Surprisingly, tlw field metabolic rates ofskinks 
and geckos did not differ significantly (Table I, 
Fig. 1 ). Water flux rates, on a whole-animal ba-
sis, ·were significantly greater in skinks than in 
geckos (Table I) . However, this difference was 
not significant when corrected for differences 
in body mass . Body water volumes, as estimated 
by the dilution space of injected oxygen-I8 
(Nagy, 1980), were significantly lower (P < 0.0 l) 
in skinks (66 .0 ± o/c_ of live horly mass, n = 

()) I han in geckos (7(). 7 ± 1.!,'}{, 11 = q) . 
Both species of lizards primarily ate arthro-

pods. Three geckos had empty stomachs. Among 
the remaining six geckos, three (50 % of total) 
contained only grasshoppers , one (17 o/c. ) had 
eaten only a solphugid, and the stomachs of two 
others (33 %) contained leg parts of arthropods 
along with much sand. Of the 14 skinks cap-
tured for diet analysis, six had empty stomachs. 
Among the remaining eight, two (25 7c ) had eat-
en only moths, two (25 o/c. ) ate only grasshoppers, 
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one ( 13 7£) ate on ly leafhoppers, and three (3 71){) 
a te various other insects and shed li1.ard skin . 

Minimum and maximum air temperatures in 
the shade at ground level averaged 20 .0 ± 1.9 
C (n = 1 1) and 33.7 ± 2 . 1 C , respective ly. Day-
tim e relative humidities ranged be tween I 5 and 
20?(, . A total of 8.4 mm of rain fe ll on 16 and 
17 Oct., and trace amoun ts of rain fell on 19 
and 22 Oct . 

DISCUSSION 

Colll j){l mti ·< 't' f'llt'IP,"l' lics.- I t is clear that the FM R 
oft he gecko is not lower than that of the skink 
(Table l ). Moreover, these two lizards have field 
enet·gy re< ptirements that are indistinguishable 
from those of iguanid li zards. The mean FMR 
of skinks (2.9 I kJ 1/ d) is we ll \·vithin 
th e 0:17< confidence interval of the prediction 
( l .G-j .5 k.J / d) of FM R for an igua nid li1.ard 
\-veighing 19 .5 g, and th e mean FM R of geckos 
(2.2 k.J / d) also is within the 95 X confidence 
intervai!CII of the FM R prediction (1.4-3 .1 
k.J / d) for a I 6.6 g iguanid li1.ard (Nagy, 1982a, 
1987). This is surprising, in view ofthe strongly 
nocturnal activity pe riod of geckos. Severa l 
questions for future research come to mind. 
The unexpectedly high FMR of geckos may be 
due , in theory, to: 1) high metabolic rates at 
night (possibly from unusually intense activ ity 
levels or long activity periods): 2) high meta-
bolic rates during daylight hours from activity 
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Fig. I. Relationship between field metabolic rate 
and bod y mass for Kalahari IJesert skinks (Malmya 
striata) a nd geckos (Parh_wlactylu s striata). Dashed line 
represents iguanid li zards (m l C02/ d = 8.72g080 , 

modified frnm Nagy, 1982). 

bouts while in daytime retreats: 3) high daytime 
metabolic rates fnm1 behavioral •·egu lat ion of 
high bod y temperatu1·es while in retreats; or, 
4) high overall energy expenditu res due to high 

of resting metabolism (thermal acclima-
l ion and acclimat ization, Bartholomew, 1982). 

We doubt that resting metabolism of Parhy-
d(Jt/_y/ll s geckos is unusually high, because those 
of other geckos are not notably hi gh (Bennett 
and Dawson, 1976; Withers, 198 I ; Andrews and 
Pough, 1985). We observed some evidence of 
geckos " basking" after sunrise by leaving their 
tails exposed to the sun, but serving to plug their 
burrows at the same time, much as the Austra-

TABLE I . CoMPARISON OF BoDY M ASSES, FIELD METABOLIC RATES AND WATER FLux RATES OF SYMPATRJC 
SKINKS (.Halm_wstriata) AN D GECKOS (Parh_wlartylus bilmmi) IN THE KALAHARI DESERT. Va lues are means ± 95% 

confidence intervals . 

Sk ink (diurnal) Gecko (nocturnal) 
(n = 6) (n = 9) /-valu e. fh 

Bod y mass 

Mean, g 19 .5 ± 4.8 16.6 ± 2.1 1.55, n .s. 
Change rate, %. ·day- ' +0.4 ± 0 .6 +0 .1±0.7 0.65, n.s . 

Fi e ld metabolic rate 

ml C02 ·day· ' Ill ± 33 87 ± 15 1.81, n .s. 
kj ·day- ' 2.9 ± 0.9 2.2 ± 0.4 1.82, n .s. 
kj . g ··oao. day- th 0.27 ± 0 .06 0.24 ± 0.04 0 .87, n .s. 

Water inf-lux ra te 

ml H 20·day- ' 0.64 ± 0.24 0.40 ± 0.09 2 .71, < 0.02 
m l 0 ·91·day tb 23.4 ± 7.8 17.7±5.2 1.53, n .s. 

Water efflux rate 

ml H 20·day 1 0 .59 ± 0.21 0. 38 ± 0.07 2.69, < 0.02 
ml tb 2 1.5±6.7 16 .8 ± 4.6 1.47, n .s . 

• n.s . = 1101 signilica lll (P > O.O!J) ; all data '"bP"""" '"' F-1 es1 li>r homogeneity of variance. Degrees of freedom = 13 for all 1-lests. 
• Corrected for differences in body mass. 
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lian gecko DijJ/odartylus umsjJitillatus is thought 
to do (Pianka, 1986). Pianka and Huey (1978) 
observed an individual Pachydnrtylus bibroni 
basking in full sunlight early in the morning. at 
a body temperature of 32.8 C. These observa-
tions support explanation (3) above , but d e ter-
mination of daily time budgets and thermal re-
gimes for both of th ese species is essential for 
a,.conclusive answer to this problem. 

Cmnj)(lrrtfi1'f' ll'fllf'l" rf'!atiniJS.-Likc FMR, water 
flux rates also at·e ,-e lated ex poncntiall y to body 
mass in reptiles, with an expon('nl of 0.91 for 
reptiles living in arid and semi-arid habitats 
(Nagy, 1982b). Mass-corrected water Aux rates 
of the skink the gecko ciici not differ sig-
nificantl y(' !'able I) . . rhus. part of I he difrerence 
in whole-animal water Huxes is clue to differ-
ences in bod y mass bet\-veen species. Mass-cor-
rected water inAux rates in skinks and geckos 
were 114 o/c and 867G of the m ean. mass-cor-
nTtcd influx rate of20.!lml·kg o.!n.d in arid 
and semi-arid reptiles (Nagy. l982b). 

Ff'f'rling m/f'.- Doubly labcl<'d wai(T results can 
be used to calculate rates of food intake in two 
'Nays. First , if the amount of dietary metaboliz-
able e nergy is known, then the dail y food ration 
can be calculated from FMR. Secondl y. if tlw 

yields of and_ "m.et-
. bollc water (formed 111 v1vo dunng ox1dat1ve 
metabolism) are known , and if 1 he animal does 
not drink any water, th e n the feeding rate re-
quired to account for the observed rate of total 
water infux can be calculated. This method gives 
an estimate of actual feeding rate, which can 
then be compared to the feeding rate required 
to achieve energy balance (above), in order to 
evaluate the dail y performance of the lizard 
(Nagy, 1975). \Ve used the va lues of 15.1 kj of 
metabolizable energy and 3.39 ml of preformed 
plus metabolic water yielded per g of dry food, 
which were obtained from the diets of two other 
species of insectivorous, Kalahari lizards (Nagy 
et. al., 1984). 

The two feeding rate <'Stimatcs for skinks are 
very similar: 0.192 g dry matter of food con-
sumed per da y to maintain energy balance, and 
O.l89g/ d estimated from \·Vater influx rate. This 
agreement le nds confidence to our food re-
quirement estimates, and suggests that skinks 
may not have drunk an y fre e water during our 
study per-iod. For geckos, a larger diffe rence 
exists between th e two feeding rate estimates: 
0.146 g/ d to achieve energy balance , and 0.118 

obtained according to water infux calculations. 
. J'he observal ion that the \·Vater-inAux-based rate 
is lowest suggests that geckos also did not drink 
water. Differences in species composition of the 
geckos diet could account for this discrepancy 
in fe eding rate estimates: a di e t containing less 
fat and more water would result in closer agree-
ment be tween feed ing rate estimates. The food 
requirement estimated herein for skinks is not 
significantl y different from that expected for an 
iguanid lizard having 1 he same body mass and 
diet (Nagy, 1987). A Kalahari gecko requires 
about the same amount of food each day as does 
a similar-sized iguanicllizarcl in the New World. 
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