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SURPRISINGLY LOW FIELD METABOLIC
RATE OF A DIURNAL DESERT GECKO,
RHOPTROPUS AFER.—Reptiles and amphibi-
ans have very low fo food and_energy require-
ments in comparison ison with birds and mammals,
and this low cost of living apparently permits
these ectotherms to e r'gloxt some microhabitats
and llfesty]es that may be unavailable to endo—
thermic animals (Pough, 1980, 1983). For ex-
ample, small size and elongate shape make en-
dothermy difficult due to thermoregulatory
constraints, but these same properties may fa-_
vor thermoregulation by ectotherms. Also, an

ectotherm’s greater ability to endure periods of
low food and water availability may favor their
occupation of habitats such as deserts.

A major reason for the relatlvely low energy
requirements s of reptiles is that they have low
body temperatures during much of a 24-h cycle
in the field, whereas most endotherms maintain
constant, high body temperatures (Nagy, 1987).
Accordingly, one might expect nocturnal liz-
ards to have lower field metabolic rates (FMRs)
than diurnal lizards have, because active noc-
turnal lizards usually cannot achieve body tem-
peratures as high as can diurnal lizards during
their activity period. Thus, it was surprising to
discover that the FMRs of a nocturnal Kalahari
Desert gecko, Pachydactylus bibroni, and a noc-
turnal Negev Desert gecko, Ptyodactylus has-
selquistii, were not notably low and were statis-
tically indistinguishable from FMRs of diurnal
iguanid lizards (Nagy and Degen, 1988; Nagy
and Knight, 1989). These results suggest that
these geckos may either have unexpectedly high
thermal profiles through a typical day, they may
be much more intensely active than expected
for a nocturnal lizard, or they may possess un-
usually high concentrations or activities of met-
abolic enzymes, which may be a characteristic
of the family. To test the latter hypothesis, we
took advantage of an opportunity to measure
FMRs of a diurnally active desert gecko, Rhop-
tropus afer, in the Namib Desert. We expected
its FMR (corrected for differences in body mass)
to be hlgher than those of the nocturnal geckos,
as a result of R. afer spendmg more time_each
day at higher body temperatures (Brain, 1962;
Odendaal, 1979). Exposure to daytime clima-

- tological conditions of low humidity, solar ra-

diation, and hxgher air temperatures should also
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increase evaporative water losses, and we ex-
pected water flux rates in R. afer to be elevated
as well.

Methods.—We studied geckos (Rhoptropus afer)
at the southern edge of their distribution in
Namibia (Haacke and Odendaal, 1981). Our
study site (23°31'S, 14°59'E) was adjacent to the
southern bank of the Kuiseb River, 8.5 km NW
of the Desert Ecological Research Unit at Goba-
beb. The lizards were abundant on the rela-
tively flat, exfoliating granite outcrops. Maxi-
mum daytime air temperatures during the study
were typical (Lancaster et al., 1984), averaging
33.4 + 3.3 C (n = 23), and minimum temper-
atures averaged 16.5 + 2.3 C (n = 23) at Goba-
beb. Light dew was measured on 2 Jan., the day
of initial capture; precipitating fog was record-
ed on 6 and 9 Jan., and 0.7 mm of rain fell at
2200 on 17 Jan.

On the morning of 2 Jan. 1988, we captured
22 geckos, injected then intraperitoneally with
14.5 ul of sterile water containing 95 atom per-
cent oxygen-18 and 4.8 uCi of tritium, weighed
them, numbered them with water-soluble paint
and marked them with felt-tipped ink, took a
small (20 ul) blood sample from the infraorbital
eye sinus (or a urine sample, if available) be-
tween two and three hours after injection, and
released them where captured by 1330 h. Blood
samples were taken from two uninjected geckos
for measurement of background isotope levels,
and a sample of injection solution was taken for
subsequent calibration. Three weeks later, on
22 and 24 Jan., we returned to the site and
recaptured two marked geckos, but it was ap-
parent that most marked geckos had shed their
skins, along with our marks. Thereafter, we re-
captured all geckos we saw, weighed them, and
took a blood sample, to determine from the
presence of enriched isotopes whether they were
marked or not. Four more injected animals were
recaptured in this fashion.

Blood, urine, and injection solution samples
were flame-sealed in glass capillary tubes and
kept on ice during transport to the University
of California, Los Angeles for analysis. There,
samples were microdistilled under vacuum to
obtain pure water, which was analyzed for tri-
tium using a Beckman LS 230 liquid scintilla-
tion counter, and for oxygen-18 by proton ac-
tivation analysis (Nagy, 1983; Wood et al., 1975).
Body water volumes of injected geckos were
calculated as O-18 dilution space from O-18
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TaBLEl. Bobpy Mass, FIELD METABOLIC RATE, AND WATER INFLUX RATE IN NaMIB DESERT GECKOS Rhoptropus
afer (n = 6) IN MIDSUMMER (JAN.) oF 1988.

Mean SD Minimum Maximum
Body mass, g 2.6 0.6 1.8 3.3
Measurement period, days 21.6 1.1 20.1 22.3
Field metabolic rate:
mL CO,-g™'-h™! 0.142 0.022 0.123 0.183
mL CO,-d! 8.8 1.0 8.0 10.4
J-d 227 25 206 268
Predicted J-d™! 481*
Actual FMR /predicted FMR 0.47
Water influx rate:
mL-kg™'-d™! 19.1 7.1 12.8 32.5
mL-d! 0.051 0.025 0.035 0.101
Predicted mL-d™! 0.081*
Actual WIR /predicted WIR 0.63

* FMR predicted using eq. 38 for iguanid lizards from Nagy (1987), WIR predicted using eq. 19 for desert reptiles from Nagy and Peterson

(1988).

concentrations in initial blood samples (Nagy,
1983).

Because we were unable to determine which
initial sample went with each of the recaptured
lizards, we used the single-sample, doubly la-
beled water (DLW) method (Nagy et al., 1984;
Webster and Weathers, 1989). This method in-
volves prediction of each recaptured animal’s
initial isotope levels from its initial body mass,
using empirical regressions of initial isotope
concentration on body mass, as calculated from
results for the 22 injected geckos. A validation
study of this method revealed only small errors:
CO, production rate estimates averaged less than
0.5% different from either directly measured
CO, production (Haldane method) or the two-
sample DLW method (range —8.3-11.2%), and
water flux rates estimated using the single-sam-
ple method averaged 1.5% lower than two-sam-
ple method results (range —13.7-2.0%; Web-
ster and Weathers, 1989). The additional
potential error in our study resulting from our
assumption that initial body masses were the
same as recapture body masses was evaluated
by recalculating the DLW results using initial
mass and body water values that were 10% high-
er and 10% lower than weight-maintenance val-
ues. This resulted in CO, production errors of
less than 0.12%, water influx errors of less than
0.13%, but water efux errors of +21.5% and
—24.0%. Thus, the maximum errors associated
with these assumptions and procedures should
be less than 1% for FMR and water influx rates
but up to 25% for water efflux rates. The po-
larity of these errors should be random, so mean
FMR and water flux values should be relatively
accurate (Nagy, 1980; Nagy and Costa, 1980).

We calculated rates of CO, production and wa-
ter flux using the equations for constant body
water volumes (Nagy, 1980; Nagy and Costa,
1980), and heat equivalents of CO, volumes were
calculated assuming that an insect diet yields
25.7 joules per ml CO, (Nagy, 1983). The in-
sectivorous diet of these geckos was confirmed
by visual examination of stomach contents of
several animals that died during final blood sam-

pling.

Results.—The average body mass of the six re-
captured lizards was 2.6 g (Table 1). Total body
water volumes (O-18 dilution spaces) of all in-
jected geckos averaged 74.0 + 2.6% (xSD) of
body mass (n = 20). The mean field metabolic
rate was 8.8 ml CO, per day (or 227 J/d, in
units of energy metabolism), and water influxes
averaged 51 ul/d (Table 1).

To address the question of whether R. afer
has an FMR that is higher than that of other
lizards, we compared the mean FMR of R. afer
with that predicted for a 2.6 g iguanid lizard
(Nagy, 1987). Rhoptropus afer had FMRs aver-
aging only 47% of that expected (481 J/d), and
the value for R. afer lies outside the 95% con-
fidence interval of the prediction (327-706 ] /d),
indicating that the difference is statistically sig-
nificant.

The water influx rates of R. afer tended to be
lower than those of other desert reptiles. The
mean flux rate of 0.051 ml/d (Table 1) is 63%
of that expected for a 2.6-g desert reptile, but
this difference is not statistically significant, pri-
marily because of the large variation among val-
ues used in deriving the predictive equation of
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Nagy and Peterson (1988). A comparatively low
rate of water influx would be expected for a
species having a low FMR and, hence, a low
food requirement, because the main avenue of
water intake in a desert reptile is its food (Nagy
and Peterson, 1988).

Discussion.—Our hypothesis that the diurnal R.
afer would have an FMR higher than those of
two species of nocturnal geckos is clearly ne-
gated by these results. The FMRs of the noc-
turnal geckos did not differ significantly from
those of diurnal iguanid lizards, and the FMR
of R. afer not only did not exceed these values
but it was significantly lower than expected. The
differences between R. afer and the nocturnal
geckos can be illustrated by comparing the body-
mass-corrected FMR value (calculated assuming
the scaling exponent of 0.8 for iguanid lizards
is applicable to gekkonids): R. afer, 0.106 k] g=°#
d~'; Ptyodactylus hasselquistii, 0.204 k] g=°8 d°';
Pachydactylus bibroni, 0.239 k] g=°8 d-'.

What can account for the surprisingly low
FMR of R. afer? When they are abroad, they
are alert, sprint rapidly, and are difficult to catch
with a noose, so the intensity of their activity
does not seem unusually low. It is possible that
they select unusually low body temperatures
when inactive, but the scarcity of low environ-
mental temperatures for long periods in the re-
treats available in their habitat makes this un-
likely. More likely is the possibility that the
metabolic machinery of R. afer differs from that
‘of other lizards, allowing this species to function

at a much reduced FMR. Three species of liz- .

ards in the family Xantuisiidae have resting
(standard) metabolic rates that are about half
those of most other lizards studied (Mautz,
1979), and their field metabolic rates are also
about half of those expected (Mautz and Nagy,
1988). Resting metabolic rate typically accounts
for about 30-60% of FMR in lizards (Peterson
et al., 1990), so a 50% reduction in resting me-
tabolism, alone, would not completely account
for a 50% reduction in FMR. This suggests that
these xantusiid lizards also have unusually low
costs for activity.

Rhoptropus afer also has a resting metabolic
rate that is about half or less of that expected
for a similar-sized squamate or lizard (Peterson,

1990). Thus, it seems likely that the physiology
and biochemistry of energy metabolism in this

species differs from that of iguanid lizards, per-
haps in a manner similar to that between mam-
mals and reptiles, where large differences in
mitochondrial densities and metabolic enzyme
activities are known to occur (Else and Hulbert,
1981; Hulbert and Else, 1981). All species of
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xantusiid lizards thus far studied show reduced
metabolic rates, suggesting low energy metab-
olism may be a property of that family. To date,
R. afer is the only nonxantusiid lizard known to
have low energy metabolism, and the observa-
tion that this is atypical of geckos suggests that
the family Gekkonidae has much interesting di-
versity remaining to be explored. Such diversity
may contribute importantly to understanding
of the evolution of high metabolic rates and
endothermy (Else and Hulbert, 1987).

Suggested measurements to help resolve these
questions, pertaining to both R. afer geckos and
to xantusiid lizards, include field determina-
tions of 24-h behavior and body temperature
patterns; the relation of SMR to body temper-
ature; and the relative density of mitochondria
and activities of key metabolic enzymes in mus-
cle and liver tissues.
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