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Abstract In ectotherms, an increase in body tempera-
ture increases metabolic rate and may increase rates of
digestive processes. We measured the thermal depen-
dence of the apparent digestive and apparent assimi-
lation efficiencies (ADE and AAE), gut passage time
(GP) and appetite in Cordylus melanotus melanotus, a
medium sized Crag Lizard, which is endemic to South
Africa. Trials were conducted at 20, 22, 25, 30, 32 and
35°C wunder controlled conditions. Trials lasted
14 days, during which, lizards were fed ca. 1 g meal-
worms per day. Glass beads were used as markers to
determine GP at the beginning and end of trials.
Faeces and urates were collected daily and oven dried
at 50 °C. The energy content of egested matter was
then measured using bomb calorimetry. ADE and
AAE were not affected by temperature for either males
or females. The mean+SE ADE and AAE were
94.44+0.3% and 87.2+0.6%, respectively. GP was not
significantly different between males and females at
any temperature, but decreased significantly with
increasing temperature. Appetite was significantly dif-
ferent between the different temperatures measured.
The decrease of gut passage time with increasing
temperature was expected, since the digestive and
assimilation efficiencies are similar over the range of
temperatures tested. Lizards are thus assimilating a
similar proportion of ingested energy, but at faster
rates at higher temperatures. The results indicate that
the digestive physiology of this species results in
maximum energy gain per meal in environments where
food is scarce.
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Introduction

The successful ingestion of energy and the effective
allocation of that energy are essential to an organism’s
activity, growth, reproduction, and ultimately, it’s
overall success (Nagy 1983; Secor 2001). Once food has
been consumed, mechanical and chemical means make
the products of digestion available for assimilation
(Prosser and DeVillez 1991). These nutrients are then
channelled either into metabolic pathways, or into
storage. For an ectotherm, energy flux is significantly
impacted by body temperature (7}; Stevenson et al.
1985). Rates of both metabolism and digestion are
temperature dependent; as T} increases or decreases,
metabolism and digestion respond accordingly (Green-
wald and Kanter 1979; Naulleau 1983; Lillywhite 1987).
Two related components of digestion that have been
found to be influenced by T}, are gut passage time (GP)
and efficiencies of energy acquisition.

GP is the time taken for any given meal to pass
through the digestive system of an animal. Du et al.
(2000) noted three patterns of the thermal dependence of
GP in lizards: (1) GP decreases with increasing temper-
ature, (2) GP decreases with increasing temperatures at
low temperatures and levels out at high temperatures,
and (3) GP decreases with increasing temperatures at
low temperatures and increases at high temperatures.
Food type may also influence GP. Klauberina riversiana,
an omnivorous lizard, was found to have a GP that was
twice as fast when maintained on a diet of mealworms
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than when maintained on apple (Johnson and Lillywhite
1979).

The efficiencies of energy intake are commonly ex-
pressed as digestive efficiency (DE) and assimilation
efficiency (AE). Technically, DE and AE are calculated
from the measured energy content of the ingested meal,
faeces and excreted nitrogenous waste. DE represents the
relative percent of ingested energy that is absorbed across
the gut wall, quantified as food energy minus faecal en-
ergy divided by food energy. AE represents the percent of
ingested energy that is absorbed and which is available
for metabolism following the subtraction of absorbed
energy that is lost through excretion of nitrogenous waste
(ammonia, urea and/or uric acid) and it is quantified as
food energy minus faecal and excreted energy divided by
food energy (see Table 1 for equations). It should,
however, be noted that it is not technically possible to
measure actual DE and AE because faeces include other
components that did not originate from the meal
(Mitchell 1964), including bacteria, sloughed intestinal
cells and bilirubin. The energy content of faeces therefore
overestimates the energy of undigested food such that the
calculated efficiencies are inherently an underestimation
of the actual DE and AE. Thus, the measured DE and
AE are thus better termed the “Apparent Digestive
Efficiency” (ADE) and ‘“‘Apparent Assimilation Effi-
ciency” (AAE) (McKinon and Alexander 1999).

Digestive efficiency of most lizards and snakes gen-
erally approaches or exceeds 90% (Lillywhite 1987), but
may vary according to the type of food consumed (Slade
et al. 1994). Klauberina riversiana has an ADE approx-
imately 5% greater when fed on mealworms, than when
fed on apple (Johnson and Lillywhite 1979). Bedford
and Christian (2000), however, suggest that carnivorous
reptiles usually have a higher efficiency than herbivores,
but this difference may be due to the inability to chew
thoroughly and the absence of cellulolytic intestinal
microflora (Johnson and Lillywhite 1979).

Our study deals with the thermal dependence of
digestive processes in the Drakensberg Crag Lizard,
Cordylus melanotus melanotus. The objectives of our

Table 1 Processes, symbols and definitions used to calculate
digestive and assimilation efficiencies (adapted from Johnson and
Lillywhite 1979)

Process Symbol Definition

Consumption C Energy consumed

Faeces F Energy of faecal waste
Urates U Energy of urinary waste
Egesta F+U Energy of both faecal and
urinary wastes
Digestive C-F Energy absorbed
energy through gut
Digestive (C-F)/Cx100 Energy absorbed

efficiency through gut (%)
Assimilation C-(F+U) Usable energy retained
by the animal
Assimilation (C-(F+U))/Cx100  Usable energy retained
efficiency by the animal (%)

study were to investigate the effects of temperature on
ADE, AAE, GP and appetite as part of a larger study on
the energy budget of this species in its natural environ-
ment. Previous studies (Cooper et al. 1997; McConna-
chie and Whiting 2003) indicate that C. m. melanotus is
an extreme sit and wait forager and study of the diges-
tive physiology of this lizard is thus useful in elucidating
the relationship between digestive physiology and feed-
ing strategy. We show that Ty, significantly impacts GP
and appetite, but has no effect on digestive efficiencies.
Thus, lizards can speed up GP without any loss of en-
ergy assimilation by selecting higher 7%, during digestion,
but can also extract energy efficiently at low Ty,

Materials and methods
Study animal

The Drakensberg Crag Lizard (C. m. melanotus; formerly Pseudo-
cordylus; Cordylidae) is a rupicolous, extreme sit-and-wait forager
(Cooper et al. 1997) that is endemic to the eastern escarpment in
South Africa. The lizards occur in dense colonies on rocky outcrops
(Branch 1998) and are conspicuous when using rocks as perch sites
(McConnachie and Whiting 2003). Cordylus m. melanotus are
sexually dimorphic, such that males are larger and more brightly
coloured than females (Mouton and van Wyk 1993). Snout-vent
length (SVL) averages between 80 mm and 120 mm, but may reach
a maximum of 143 mm in males (Branch 1998) and during the
breeding season, males respond aggressively toward other males
(Moon 2001). Although Branch (1998) records this species as being
omnivorous, analysis of stomach contents of 40 preserved museum
specimens revealed only invertebrate prey (S. McConnachie
unpublished data).

All lizards used in our study originated from the Suikerbosrand
Nature Reserve, approximately 40 km southeast of Johannesburg,
South Africa (26 °27'-26 °34’S, 28 °09'-28 °21’E; 1,800 m above
sea level). The habitat in this area is typically Highveld Grassland
(Rutherford and Westfall 1986) with numerous rocky outcrops,
especially in the higher lying parts. Rainfall is less than 500 mm per
year and is summer seasonal. The climate is typically temperate;
winters are cold with frequent frosts and very occasional snow,
while summer temperatures frequently exceed 30 °C.

Lizards were acclimated in captivity for a minimum of 1 month
before trials began. Lizard body mass increased by 15.2+2.3%
after approximately 6 months in captivity. Individuals of this spe-
cies have previously been maintained in captivity in excess of
3 years and generally appear to adapt well to captive conditions.

Methods

Methods used were similar to those used by Johnson and Lillywhite
(1979). Twenty lizards (10 male, 10 female) were housed individu-
ally in 0.3x0.3x0.5 m glass terraria, with a shelter and water (sup-
plied ad libitum). Lizards were maintained on a diet of mealworm
larvae (Tenebrio sp.) in a temperature-controlled room (1 °C)
with a light:dark cycle of 12:12 h. ADE and AAE, GP (used as an
indirect measure digestive rate) and appetite were measured at 20,
22, 25, 30 32 and 35 °C. The sequence of trials was randomised.
There was a minimum period of 7 days between trials during which
lizards were maintained at room temperature (20-28 °C) and given
unlimited amounts of food and water. We assumed that the inter-
trial period removed the effects of the previous feeding trial.
During each trial, lizards were offered approximately 1 g meal-
worms per day for 14 days. Uneaten mealworms were collected,
counted and weighed after 24 h. Gut passage time was measured by
force-feeding lizards small glass beads on days 1 and 14 of each trial,



and recording the number of days taken for the beads to appear in the
lizards’ faeces. Blue and white beads were used at the start and end of
trials, respectively, as these colours were easily visible in the faeces.
Lizards were offered mealworms ad libitum after day 14 until white
beads were passed. Gut passage time was taken as the number of days
between consumption and defecation of the beads. Two measures of
GP were taken per lizard since beads were used to indicate the start
and end of trials—lizards were fed ad libitum before and after trials,
therefore beads marked faeces from meals consumed between bead
markers. Appetite was measured in two ways: as the total mass and as
the number of mealworms consumed in the 14-day trial.

The trial at the highest temperature (35 °C) was terminated
after 3 days because the lizards showed obvious signs of distress
and it was evident that their appetite was considerably reduced.
Data collected during this trial were used only for appetite mea-
sures and were made comparable to the data collected during the
other trials by increasing measures proportionately (i.e. measures
were multiplied by 4.7).

Food consumption was determined by subtracting the mass of
the uneaten mealworms from the total mass of mealworms offered
to each lizard. The mass of the uneaten mealworms was adjusted to
compensate for weight loss that the mealworms experienced due to
dehydration during trials. Since this weight loss was dependent
largely on the temperature regime, we kept a sample of 10
mealworms in an empty terrarium (conditions the same, only
without a lizard) during each trial and reweighed these mealworms
after 24 hr to estimate rates of weight loss at each experimental
temperature.

All faeces and urates egested during the feeding period
(14 days) were collected and separated daily. Urates were separated
because it is considered metabolic waste rather than faeces. Faeces
and urates were dried in an oven at 50 °C until reaching constant
mass. The faeces and urates were then milled for a minimum of 30 s
in a high speed, water-cooled mill (IKA type A10; 20,000 revolu-
tions per min) and the energetic content was measured by sub-
jecting 0.5-0.7-g samples to bomb calorimetry (Digital Data
Systems CP500 Calorimetry Systems, Johannesburg, South Africa).
Energy content of mealworms was measured in the same manner.
Mean ADE and AAE for each temperature were calculated for
males and females using the equations in Table 1. Unfortunately,
the small amounts of faeces and urates produced by the lizards
necessitated pooling of samples for measurements of energy con-
tent. ADE and AAE values were used to calculate the net energy
absorbed through the gut and the net usable energy retained by the
animal for each temperature, respectively.

GP and appetite were compared between males and females,
and among temperatures using a one-way repeated measures
ANOVA. Since GP and appetite were not significantly different
between the sexes, data for males and females were pooled. The
effects of body mass and temperature on GP and appetite, and the
effects of temperature on ADE and AAE, were investigated using
regression analysis.

Results
Gut passage time

GP was determined by the first appearance of blue and
white beads at the beginning and end of trials. Defeca-
tion of the beads was usually staggered over two drop-
pings. There was no significant difference in GP between
males and females at different temperatures (Fo g5 =1.39,
P=0.21). GP decreases significantly with increasing
temperature (R*=0.92, P=0.01; Fig 1). Mass effects on
GP were only evident at 22 °C, where larger lizards
showed shorter passage times than did smaller lizards
(R*=0.27, P=0.02; Fig2), but the low R’ indicates
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Fig. 1 The effect of temperature on gut passage time for Cordylus
melanotus melanotus (Mean £ SE; N=20, 10 male 10 female for all
temperature treatments; regression analysis; y=-0.29x+12.29,
R>=0.92, P=0.01)

that, even though the relationship is significant, only a
small fraction of variation in GP is explained by body
mass.

Appetite

There were significant differences in appetite at different
temperatures, measured as either number or mass of
mealworms eaten (number: Fgg9=9.52, P< <0.001;
mass: Fgg9=9.15, P< <0.001). Regression analysis re-
vealed that both number and mass of mealworms eaten
increases significantly with increasing temperature
(number: R*=091, P=0.01; mass: R?=0.89, P=0.02;
Fig 3). Lizard body mass effects were evident for both
number and mass of mealworms at 25 °C, where larger
lizards ate proportionally more than smaller lizards
(R*=0.27, P=0.02, Fig 4). The low R” value, however,
suggests that although significant, the effect of body
mass is small.
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Fig. 2 The effect of body mass on gut passage time for C. m.
melanotus at 22 °C (N=20, 10 male 10 female; regression analysis;
y=-0.14x+12.79, R*=0.27, P=0.02). This was the only trial
where body mass had a significant effect on gut passage time
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Fig. 3 The effect of temperature on appetite in terms of the number
of mealworms eaten (left), and of temperature on the mass
of mealworms eaten (right) for C. m. melanotus (regression
analysis; number: y=6.15x—114.86, R*=0.91, P=0.01; mass:
y=0.65x—11.55, R*=0.89, P=0.02; Mean+SE; N=20, 10 male
10 female for all temperature treatments). Measurements at 35 °C
were not included in the regression analysis because lizards showed
distress and the trial was aborted after only 3 days

Digestive and assimilation efficiency

The mean (£ SE) energy contents, per gram dry mass,
for mealworms, faeces and urates were 24.8 £0.05 kJ/g,
15.24+0.20 kJ/g and 10.7+0.04 kJ/g, respectively. We
found no significant effect of temperature on either ADE
or AAE (ADE: R’=0.05, P=0.72; AAE: R*=0.18,
P=0.48; Fig 5). For these lizards consuming meal-
worms, ADE averaged 94.4+£0.3% and AAE averaged
87.2+£0.6%.

Net energy gain

Both net energy absorbed (NEA) and net energy re-
tained (NER) increased significantly with increasing
temperature (NEA: R*=0.89, P=0.02; NER: R*>=0.90,

P=0.01; Fig 6). This was expected because an increase
in energy gain with increasing temperature is simply a
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Fig. 4 The effect of body mass on food consumption (proportional
to lizard body mass) at 25 °C (regression analysis; y =0.004x—0.03,
R>=0.27, P=0.02; N=20, 10 male 10 female). This was the only
trial where body mass had a significant effect on food consumption
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function of lizards eating more at higher temperatures,
since neither AAE nor ADE were affected by tempera-
ture.

Discussion

Our study revealed that the digestive physiology of C. m.
melanotus is highly temperature dependent in certain
respects (i.e. rate of digestion and appetite), but is
remarkably temperature independent in other respects
(the general efficiency of energy extraction from a meal).
We found that GP decreased with increasing tempera-
ture and was generally not affected by lizard body mass
(only one exception where there was a small mass effect
at 22 °C, where larger lizards had a marginally shorter
GP). Neither ADE nor AAE were affected by temper-
ature over the temperature range tested. Appetite in-
creased significantly and dramatically with increasing
temperature, although data collected during the first
3 days of an aborted trial at 35 °C indicates that appe-
tite is also suppressed at high temperatures. We detected
a small body mass effect on appetite for the 25 °C trial
only, where larger lizards consumed a relatively larger
amount of food. The thermal dependency of gut
throughput rate results in the net energy absorbed
through the gut and net usable energy retained also
increasing with temperature under conditions where
food availability is not limiting.

Passage rate and appetite

The reduction in GP, or increased digestive rate at
higher temperatures, follows the pattern typical for most
reptiles (Greenwald and Kanter 1979), and has been
reported for the lizards Lacerta vivipara (Van Damme
et al. 1991), Sceloporus merriami (Beaupre et al. 1993),
Eumeces elegans (Du et al. 2000), Platysaurus interme-
dius wilhelmi (Alexander et al. 2001), and the snakes
Elaphe guttata (Greenwald and Kanter 1979), Vipera
aspis (Naulleau 1983) and various Australian pythons
(Bedford and Christian 2000). The shorter passage time
may also contribute to the improved appetites at higher
temperatures (Angilletta 2001), as the higher throughput
at higher temperatures simply allows for more food to be
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processed. Passage time could thus be the proximal
limiting factor of consumption at low temperatures
(Angilletta 2001) and could affect consumption directly
through appetite modulation under conditions where
food availability is not limiting. However, field measures
for C. m. melanotus indicate low rates of ingestion
(McConnachie and Whiting 2003) and suggest that food
availability, rather than appetite, is likely to be the most
important limitation on consumption under natural
conditions.

The decrease in gut passage time with increasing
temperature may explain the temperature independence
of ADE and AAE in C. m. melanotus. At lower tem-
peratures, digestion and absorption occurs at slower
rates, and the passage of the meal is at a pace that
matches its digestion and absorption. Thus, slower rates
of extraction are compensated for by slower throughput,
enabling the lizards to fully digest their meals at low
temperatures. This digestive compensation at low tem-
peratures is similar to digestive compensation to low
food quality as reported by Hume (1989) for herbivores
eating poor quality forage, and are also in agreement
with the findings of Wang et al. (2003) and Secor and
Faulkner (2002) of the temperature independence of
specific dynamic action.

Naulleau (1983) predicted that digestion would
actually cease altogether at extreme temperatures, but
that food would still be passed in order to prevent

Temperature (°C)

putrification in the gut. However, digestion at these ex-
treme temperatures is not usually tested in most studies
since appetite is greatly reduced at extreme temperatures
and there are thus practical problems of inducing the
animals to feed. Even so, the increased passage time at
higher temperatures that has been reported in some
studies supports the hypothesis. In the lizard E. elegans,
passage time decreases with increasing temperature but
then increases above 34 °C (Du et al. 2000). Stevenson
et al. (1985) noted that, in 7. e. vagrans, passage time
decreased, levelled, and then increased at 35 °C. In our
study, the reduced appetite during the aborted 35 °C
trial, suggests that passage time might also be decreased
at this ‘extreme’ temperature. Further evidence also
comes from the observation that some of the lizards in
the 35 °C trial passed almost complete, undigested
mealworms or regurgitated mealworms whole.

Various methods have been used to measure gut
passage time, the most simple of which is fasting before
trials (Alexander et al. 2001), where the first appearance
of faeces after starvation indicates the gut passage time.
This is, however, not always a suitable method. A down-
regulation of metabolic physiology may occur while
fasting (Secor and Diamond 2000) and once the animal
is fed, it may take longer to pass through the gut because
of extra time taken for up-regulation before digestion
can begin. However, a number of recent studies (Starck
and Beese 2001, 2002; Overgaard et al. 2002; Holmberg
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et al. 2003) indicate that the reptilian gut may not be as
down-regulated during fasting as originally proposed by
Secor and Diamond (e.g. 1995, 2000). There is a distinct
possibility that C. m. melanotus is a down regulator since
observations of free-ranging individuals suggest that it is
an infrequent feeder; McConnachie and Whiting (2003)
reported only two attempts at prey capture in 795 min
focal animal analysis. Cooper et al. (1997) also report
ambush foraging to be the typical mode of foraging in
this clade (formerly Pseudocordylus). Thus, fasting be-
fore trials would certainly be an inappropriate method
for measuring GP in Cordylus since the gut of a fasted
lizard may require some start-up time.

Dyes, such as powdered fluorescent dyes, have also
been used as markers, with or without small, indigestible
objects such as short pieces of fishing gut (Waldschmidt
1986; Beaupre et al. 1993). The dye is usually introduced
into the food and, in the case of insect prey, it is injected
through the exoskeleton of the insect before it is offered
as food (e.g. Beaupre et al. 1993). However, the use of
dyes was not practical in our study, since this would
have necessitated the injection of dye into 250 meal-
worms per day at the start and termination of each trial.
Also, the rupture of the mealworms’ exoskeleton
resulting from administering the dye would likely have
changed rates of dehydration of the mealworms during
trials, ultimately resulting in inaccurate measures of
consumption. It should be noted, however, that different
techniques used in GP studies may yield different GP
measures, depending on the digestibility of the material
used as a marker.

It could also be argued that the use of beads as
markers for GP might have affected our measures of GP
and appetite since the indigestible beads occupy a por-
tion of the volume of the stomach and the texture of the
bead surface influence passage time in some way.
However, the long duration of trials (14 days) is likely to
reduce this overall effect, and since our comparisons
were relative (same experimental set-up, only tempera-
ture was changed), any effect would have little affect on
our conclusions. The fact that the lizards also fed freely
throughout the trial periods suggests that the effect of
the beads was minimal.

Energy efficiencies

Previously measured ADEs in lizards range between
30% (Ruppert 1980) and 93% (Johnson and Lillywhite
1979). Our measure of 94% for ADE in C. m. melanotus
thus slightly extends this range. ADEs of insectivores are
expected to be in the higher part of the range. Johnson
and Lillywhite (1979) recorded an ADE of 93% in K.
riversiana fed entirely on mealworms (the same diet that
we used for our lizards). Many other lizards have similar
ADEs when maintained on an exclusively insectivorous
diet: Uta stansburiana (Waldschmidt et al. 1986); S.
merriami (Beaupre et al. 1993) and Hemidactylus turcicus
(Slade et al. 1994).

Although we did not detect a temperature effect on
ADE in our study, temperature is known to affect ADE
in other species. ADE increases with increasing tem-
perature in E. elegans, but asymptotes at 26 °C (Du et al.
2000). However, Du et al. (2000) found no temperature
effect on AAE in this species, which suggests that the
lack of temperature effects on AAE are due to temper-
ature effects on urate production (i.e. the loss of energy
in the form of urates is included in AAE but not in
ADE).

Ecological significance

The digestive physiology of C. m. melanotus is well-
matched to its feeding strategy and naturally low rates
of food intake. Temperature independence of ADE
results in the lizards extracting the maximum possible
energy from any ingested meal, regardless of whether
or not the lizard is able to maintain T in the selected
range. However, because C. m. melanotus has low rates
of food consumption under natural conditions
(McConnachie and Whiting 2003), the longer time re-
quired for digestion at lower temperatures is unlikely to
ever limit food intake under these conditions, as may
well be the case for frequent feeders or for high con-
sumption feeders. Thus, the digestive physiology of C.
m. melanotus appears to suit a food-scarce environment
by maximising the energy gain from ingested food.

Acknowledgements Gauteng Nature conservation granted permis-
sion to collect lizards for this study (permit no. 1143). The Animal
Ethics Screening Committee of the University of the Witwatersrand
cleared all experimental procedures (AESC 2001/27/2A and 2001/
74/2A). The financial assistance of the National Research Foun-
dation (NRF) towards this research is hereby acknowledged.
Opinions expressed and conclusions arrived at are not necessarily
to be attributed to the NRF. We thank Martin Whiting, Andrew
McConnachie and two anonymous reviewers for useful comments
and suggestions on this manuscript. This study was funded by
grants to G.J. Alexander and M.J. Whiting from the National
Research Foundation and the University of the Witwatersrand.

References

Alexander GJ, Van Der Heever, C, Lazenby SL (2001) Thermal
dependence of appetite and digestive rate in the flat lizard,
Platysaurus intermedius wilhelmi. J Herpetol 35:461-466

Angilletta MJ (2001) Thermal and physiological constraints on
energy assimilation in a widespread lizard (Sceloporus undu-
lates). Ecology 82:3044-3056

Beaupre SJ, Dunham AE, Overall KL (1993) The effects of con-
sumption rate and temperature on apparent digestibility coef-
ficient, urate production, metabolizable energy coefficient and
passage time in canyon lizards (Sceloporus merriami) from two
populations. Funct Ecol 7:273-280

Bedford GS, Christian KA (2000) Digestive efficiency in some
Australian pythons. Copeia 2000:829-834

Branch WR (1998) Field guide to snakes and other reptiles of
Southern Africa (3rd edn). Struik, Cape Town

Cooper WE, Whiting MJ, Van Wyk JH (1997) Foraging modes of
cordyliform lizards. S Afr J Zool 32:9-13



Du W-G, Yan S-J, Ji X (2000) Selected body temperature, thermal
tolerance and thermal dependence of food assimilation and
locomotor performance in adult blue-tailed skinks, Eumeces
elegans. J Thermal Biol 25:197-202

Greenwald OE, Kanter ME (1979) The effects of temperature and
behavioral thermoregulation on digestive efficiency and rate in
corn snakes (Elaphe guttata guttata). Physiol Zool 52:398-408

Holmberg A, Kaim J, Persson A, Jensen J, Wang T, Holmgren S
(2003) Effects of digestive status on the reptilian gut. Comp
Biochem Physiol A 133:499-518

Hume ID (1989) Optimal digestive strategies in mammalian her-
bivores. Physiol Zool 62:1145-1163

Johnson RN, Lillywhite HB (1979) Digestive efficiency of the
omnivorous lizard Klauberina riversiana. Copeia 1979:431-437

Lillywhite HB (1987) Temperature, energetics, and physiological
ecology. In: Siegel RA, Collins JT, Novak SS (eds) Snakes:
ecology and evolutionary biology. McGraw-Hill, New York,
pp 422477

McConnachie S, Whiting MJ (2003) Costs associated with tail
autotomy in an ambush foraging lizard, Cordylus melanotus
melanotus. Afr Zool 38:57-65

McKinon W, Alexander GJ (1999) Is temperature independence of
digestive efficiency an experimental artefact in lizards? A test
using the common flat lizard (Platysuarus intermedius). Copeia
1999:299-303

Mitchell HH (1964) Comparative nutrition of man and domestic
animals, volume 2. Academic Press, New York, p 840

Moon S (2001) Pseudocordylus melanotus melanotus (Drakensberg
crag lizard). Copulation and aggression. Herpetol Rev 32:258—
259

Mouton PleFN, van Wyk JH (1993) Sexual dimorphism in
Cordylid lizards: a case study of the Drakensberg crag lizard,
Pseudocordylus melanotus. Can J Zool 71:1715-1723

Nagy KA (1983) Ecological energetics. In: Huey RB, Pianka ER,
Schoener TW (eds) Lizard ecology: studies of a model organ-
ism. Harvard, Cambridge, pp 24-54

Naulleau G (1983) The effects of temperature on digestion in
Vipera aspis. J Herpetol 17:166-170

Overgaard J, Anderson JB, Wang, T (2002) The effects of fasting
duration on the metabolic response to feeding in Python
molurus: an evaluation of the energetic costs associated with
gastrointestinal growth and upregulation. Physiol Biochem
Zool 75:360-368

105

Prosser CL, DeVillez EJ (1991) Feeding and digestion. In: Prosser
CL (ed) Environmental and metabolic animal physiology:
comparative animal physiology. Wiley-Liss, New York,
pp 205-230

Ruppert RM (1980) Comparative assimilation efficiencies of two
lizards. Comp Biochem Physiol A 67:491-496

Rutherford MC, Westfall RH (1986) Biomes of southern Afri-
ca—an objective categorization. Mem Bot Surv S Afr 54:1-98

Secor SM (2001) Regulation of digestive performance: a proposed
adaptive response. Comp Biochem Physiol A 128:565-577

Secor SM, Diamond JM (1995) Adaptive responses to feeding in
Burmese pythons: pay before pumping. J Exp Biol 198:1313—
1325

Secor SM, Diamond JM (2000) Evolution of regulatory responses
in snakes. Physiol Biochem Zool 73:123-141

Secor SM, Faulkner AC (2002) Effects of meal size, meal type,
body temperature, and body size on specific dynamic action of
the marine toad, Bufo marinus. Physiol Biochem Zool 75:557—
571

Slade JH, Arnold WB, Plummer MV (1994) Efficiencies of diges-
tion and assimilation in the gecko Hemidactylus turcicus. J
Herpetol 28:513-514

Starck JM, Beese K (2001) Structural flexibility of the intestine of
Burmese python in response to feeding. J Exp Biol 204:325-335

Starck JM, Beese K (2002) Structural flexibility of the small
intestine and liver of garter snakes in response to feeding and
fasting. J Exp Biol 205:1377-1388

Stevenson RD, Peterson CR, Tsuji JS (1985) The thermal depen-
dence of locomotion, tongue flicking, digestion, and oxygen
consumption in the wandering garter snake. Physiol Zool
58:46-57

Van Damme R, Bauwens D, Verheyen RF (1991) The thermal
dependence of feeding behavior, food consumption and gut-
passage time in the lizard Lacerta vivipara Jacquin. Funct Ecol
5:507-517

Waldschmidt SR, Jones SM, Porter WP (1986) The effect of body
temperature and feeding regime on activity, passage time, and
digestive coeflicient in the lizard Uta stansburiana. Physiol Zool
59:376-383

Wang T, Zaar M, Arvedsen S, Vedel-Smith C, Overgaard J (2003)
Effects of temperature on the metabolic response to feeding in
Python molurus. Comp Biochem Physiol A 133:519-527



