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Abstract
The standard metabolic rate for juvenile carpet pythons, Morelia spilota imbricata, with a mean body mass
of 129.6 g (range 57.7�253 g) increased from 6.75 ± 0.96 (s.e.) mL h�1 to 42.6 ± 12.40 (s.e.) mL h�1 in 48 h
after ingesting mice equal to approximately 23% of their body mass, at a temperature of 30°C. Sloughing
increased metabolic rate to approximately 146% of standard metabolic rate at 30°C. Metabolic rate is
elevated before the eyes become opaque and other visual signs indicate that a slough is imminent. The
implications of these two factors when measuring standard metabolic rate are discussed.

Introduction
Recent technical and methodological advances as well as interest in metabolic respirometry

has made precise measurement of standard metabolic rate (V� O2std) a routine laboratory
procedure. It is important when measuring V� O2std that the �standard� conditions are clearly
defined and adhered to (Andrews and Pough 1985; Hayes et al. 1992). One of the standard
conditions for reptiles is a post-absorptive state (Andrews and Pough 1985). For example, the
metabolic rate of juvenile Burmese pythons, Python molurus, increases up to 45 times over
fasting V� O2std within 48 h of feeding (Secor et al. 1994; Secor and Diamond 1995) as a result of
specific dynamic action (SDA), the increased metabolic rate associated with digestion,
assimilation and biosynthesis of ingested food (Brody 1945; Kleiber 1975; Jobling 1981). 

Although the process of sloughing in reptiles has been well documented (Maderson 1965;
Maderson and Licht 1967; Roth and Jones 1967, 1970; Landmann 1979, 1986; Maderson et al.
1998), nothing is known of a possible metabolic cost of sloughing. Given the biochemical and
physical processes involved in sloughing (Maderson 1966, 1967; Maderson and Licht 1967;
Chiu and Maderson 1975; Maderson et al. 1998), the metabolic rate (V� O2) might be expected to
increase during the sloughing process.

The objective of this study was to investigate the influence of feeding and sloughing on V� O2,
for the Australian carpet python, M. s. imbricata.

Methods
Morelia spilota is a medium-sized python found throughout continental Australia except in southern

Victoria and the arid central and western areas (Cogger 1992). M. spilota imbricata is one of three sub-
species (the others being M. s. spilota and M. s. variegata: Cogger 1992); it occurs in the south-west of
Western Australia. 

Six M. s. imbricata were hatched in captivity from a captive pair. Metabolic measurements were made
for these six M. s. imbricata from when they were about 9 months of age over a period of approximately 6
months. These pythons were maintained under near-identical conditions and fed on mice of varying sizes.
Before the commencement of digestion and sloughing studies, all pythons were fasted for a period of at least
14 days to ensure that they were post-absorptive (Secor 1995; Secor and Diamond 1995). Water was
available at all times during routine maintenance and for at least 3 h prior to experimentation. Pythons had
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access to an ambient temperature of 30°C for a minimum of 8 h per day for at least 14 days before
experimentation to ensure that meals had been fully digested. Except during the feeding trial, all pythons
were offered food at least every 2 weeks, and usually weekly. Some pythons occasionally refused to eat,
presumably because of incipient sloughing, but none went without feeding for more than 5 weeks. All
pythons were healthy and gained weight; none died during or after the experiments.

For measurements of SDA, the V� O2 of each python was measured during the night preceding a meal. On
the following day, each python consumed mice of mean mass approximately 23% (±4.6, s.d.) of pre-feeding
body mass. We selected a meal mass of approximately 25% of the python�s body mass as this is similar to
the relative prey sizes used by Secor (1995), Secor and Diamond (1995) and Bedford (1996), and because it
approximated the meal size reported by Bedford (1996). Secor and Diamond (1997) have subsequently
shown that SDA increases with meal size beyond 25% of body mass in some pythons. Following ingestion
of the meal, we measured V� O2 of each python nightly until V� O2 returned to pre-feeding values. During these
measurements, pythons were maintained at approximately 23.5°C for 12 h during the day and transferred to
a metabolic chamber for approximately 12 h at night and maintained at 30°C. Water was available during
the day.

For the sloughing trials, V� O2 was measured for the six pythons for 3�5 days after their eyes had turned
opaque and one night after the python had shed its skin. To demonstrate the change in V� O2 during the
sloughing period, the V� O2 of two pythons was measured every night from the first signs of sloughing
(opaque eyes or darkening and dullness of the skin colour indicating that a slough would occur within the
next 14 days). These two specimens were maintained at a constant 30°C day and night, and were given
access to water during the day but were not fed.

Measurement of standard metabolic rate 
V� O2 was measured using a flow-through respirometry system and each python was measured separately.

A python was weighed before being placed in an opaque plastic cylinder. Cylinder size was selected so that
it confined, but did not restrict, movement. The cylinder was placed in a controlled-temperature chamber at
30°C (±1°C). All V� O2 values were adjusted for the <1°C offset to a temperature of exactly 30°C, using a Q10
value of 2.5. A Q10 of 2.5 was selected because it is the mid-point of 2�3, the range of temperature
coefficients for reptile metabolism (Bennett and Dawson 1976). V� O2 was measured between 0000
(midnight) and 0800 hours, with the python being placed in the opaque plastic cylinder before 2000 hours
on the previous day. This provided a minimum of 4 h for body temperature (Tb) to equilibrate with ambient
air temperature before measurement; we assumed that the Tb of all pythons was the same as the ambient air
temperature (Ta). On most occasions, the lowest V� O2 recording was achieved between 0400 and 0800 hours,
thus providing at least 8 h for body temperature to equilibrate with ambient air temperature.

Ambient air was pumped through the chamber at 100 mL min�1 (Brooks mass-flow controller), which
maintained an excurrent O2 content greater than 20.0%. A 2-m length of copper tube in the incurrent air-
flow line, located in the controlled-temperature chamber, ensured that the temperature of the air passing into
the cylinder containing the python was within ±0.5°C of the air temperature within the chamber. A
humidity�temperature probe (Vaisala HMP 35B) in the excurrent air flow measured the temperature of the
air (Ta, °C) in the metabolic chamber. A Drierite column removed water and an Ascarite column removed
CO2 from the excurrent air before it passed through one channel of a paramagnetic O2 analyser (Servomex
OA184). A microcomputer recorded the differential output of the O2 analyser (ambient air � excurrent air)
via a Thurlby digital volt-meter and a RS232 interface, and calculated the STPD V� O2 every 60 s (after
Withers 1977) commencing at 0000 hours. We calculated the standard V� O2 from the average of the lowest
continuous period of O2 consumption (20-min duration) between 0000 and 0800 hours. Body mass was
taken as the pre-meal mass in order to standardise mass-specific measurements.

Means are reported with ±1 s.e., and sample size, unless otherwise stated. Confidence limits, where
presented, are 95%.

Results
The standard (pre-feeding) V� O2std was 6.75 (±0.958, s.e.) mL h�1 for six pythons with a mean

body mass of 129.6 g (range 57.7�253.3 g); the coefficient of variation for V� O2 was 34.8%. All
six pythons were induced to feed under the experimental conditions. The V� O2std increased
approximately 4.8-fold within the first 24 h and peaked at 6.3 times standard at 48 h post-
feeding (Table 1). After 48 h, V� O2 declined and returned to pre-feeding levels, generally within 7
days (Table 1). 
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The mean pre-sloughing V� O2 of 15.0 (±5.96 s.e.) mL h�1 for six M. s. imbricata (mean body
mass 170.7 ± 72.1 (s.e.) g, range 48�441 g) was significantly higher [repeated measures t-test
using mass-corrected (mass0.75) values; t5 = 3.49] by about 46% (using mass-corrected values)
than the post-sloughing V� O2 of 9.4 (±3.09, s.e.) mL h�1. For the two M. s. imbricata measured
nightly from the first signs that sloughing was imminent, an elevated V� O2 was evident before
opaque eyes were noticed (see Fig. 1). Metabolic rate generally declined from when the eyes
were opaque until a day after sloughing (Fig. 1).
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Table 1. Oxygen consumption pre- and post-feeding for M. s. imbricata at 30°C
V� O2 data for individual pythons were excluded when they returned to predigestion levels. Values are shown

± s.e., n = sample size

n Body mass V� O2 Factorial increase
(g) (mL h�1) on V� O2std

Pre-feeding (V� O2std) 6 129.6 (±37.89) 6.75 (±0.958)
Post-feeding day 1 6 129.6 (±37.89) 32.5 (±6.39) 4.8
Post-feeding day 2 6 129.6 (±37.89) 42.6 (±12.4) 6.3
Post-feeding day 3 6 129.6 (±37.89) 31.7 (±11.2) 4.7
Post-feeding day 4 6 129.6 (±37.89) 21.61 (±8.65) 3.2
Post-feeding day 5 6 129.6 (±37.89) 13.93 (±4.52) 2.1
Post-feeding day 6 6 129.6 (±37.89) 10.97 (±3.31) 1.6
Post-feeding day 7 4 110.9 (±44.70) 7.54 (±2.24) 1.2
Post-feeding day 8 2 163.2 (±80.80) 10.38 (±2.55) 1.3
Post-feeding day 9 1 244.0 11.47 ( 1.2

Fig. 1. V� O2std for two M. s. imbricata held at 30°C in the days leading up to a slough. The m

and d indicate the two individual pythons measured.



Discussion
Digestion and fasting have a profound effect on metabolic rate of carpet pythons, as

expected. The pioneering studies of Benedict (1932) were the first to suggest that pythons fasted
over a long period had a �depressed� metabolic rate. Benedict (1932) reported peak metabolic
rate (V� O2peak) of digesting P. molurus to be approximately 8 times pre-feeding values after eating
a meal equal to 11% of its body mass, and of Constrictor constrictor to be slightly less but
variable depending on the size of the meal and the body temperature while digesting prey. Post-
feeding metabolic rate increased and peaked after two days for M. s. imbricata and then
declined, as has also been reported by Secor (1995), Secor and Diamond (1995) and Bedford
(1996) for other pythons. The factorial increase in post-feeding V� O2 was 6.3 for M. s. imbricata,
which is within the range of values reported by Bedford (1996) for Liasis childreni (2.2),
Aspidites melanocephalus (3.4), Morelia s. variegata (5.3), M. s. spilota (5.6), Antaresia
stimsoni (7.5), Liasis olivaceus (9.2) and Liasis fuscus (9.6), but lower than the 17-fold increase
that Secor and Diamond (1995) reported for sub-adult Python molurus and the 11.5-fold
increase for neonates of the same species (Secor 1995) even though the relative size of the meal
was approximately the same. Using the available V� O2 and V� O2peak values for Aspidites
melanocephalus, Antaresia childreni, Liasis fuscus, Liasis olivaceus, Antaresia stimsoni,
Morelia spilota spilota, M. s. variegata, Python molurus and M. s. imbricata from Bedford
(1996), Bedford and Christian (1998), Secor and Diamond (1997) and this study, the inter-
specific regression equation for V� O2std is log10 V� O2 (mL O2 h�1) = �0.574 (±0.3742) log10 +
0.734 (±0.1273) log10(mass, in g), and for  V� O2peak after ingesting a meal of approximately 25%
of the body mass the inter-specific regression equation is log10V� O2 (mL O2 h�1) = �0.241
(±0.4544) log10 + 0.890 (±0.1546) log10(mass, in g). There was no significant difference
between the slopes of these two regression lines (t14 = 0.78) but, as expected, there was a
significant difference between the elevations (t15 = 9.42). At the mean body mass of 1206 g,
V� O2peak was 6.5 times higher than V� O2std (Fig. 2).

Peak metabolic rate as a result of SDA is proportional to the size of the prey item relative to
the animal�s body mass (Secor and Diamond 1997). Secor (1995) and Secor and Diamond
(1995, 1997) report higher peak post-feeding values (11.5, 17, 15.3 times) for P. molurus than
reported by either Bedford (1996) or ourselves for pythons consuming similar-sized prey. This
difference could be attributed to interspecific differences or from using a depressed metabolic
rate (e.g. Benedict 1932) for comparison with V� O2peak, reducing the denominator for calculating
factorial scope. 

Secor and Diamond (1995) and Secor (1995) reported that the elevated metabolic rate of
adult P. molurus held at 30°C declined to pre-feeding values by Day 8, and by Day 6 for neonate
P. molurus held at 30°C. Bedford (1996) reported that metabolic rate returns to pre-feeding rates
after 7 days at 24 and 27C, 6 days at 30°C and 4 days at 33°C. Subsequently, Secor and
Diamond (1997) reported that larger prey items take longer to digest than smaller ones. If
digestion time is defined as the duration of elevated metabolism above V� O2std, then higher
temperatures hasten the rate of digestion (Bedford 1996). For M. s. imbricata in this study at
30°C, there was some variability in when pythons returned to the predigestion metabolic rate,
but it was generally by 7 days.

V� O2 might increase during the sloughing process due to elevated cellular activity (Maderson
1966, 1967; Maderson and Licht 1967; Chiu and Maderson 1975; Maderson et al. 1998).
Indeed, for six M. s. imbricata for which V� O2 was measured after their eyes went opaque
(indicating incipient sloughing), there was an increase of about 46% above V� O2std. V� O2 decreased
from the opaque-eyes stage until a couple of days after the slough in the two pythons (Fig. 1).
The V� O2 is measurably elevated even before there are any visual signs that the python is
beginning the sloughing process (Fig. 1). M. s. imbricata held at 25�30°C generally take 5�12
days to shed from the first visual signs (darkening of the skin followed by opaque eyes) that a
slough is imminent. The increase in metabolic rate prior to the first detectable signs that a
python is going through the sloughing process means that pythons need to be held for an
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extended period after their V� O2std is measured to ensure that they are not in a pre-slough
condition. The duration of the sloughing period is probably temperature dependent as it is based
on biochemical processes (Landmann 1986; Maderson et al. 1998).

Our results, and those of previous studies, suggest some necessary conditions for measuring
V� O2std. Sloughing and especially digestion elevate V� O2. Pythons should be held at 25�30°C for at
least 14 days after the measurement of metabolic rate to ensure that they are not in the pre-
slough stage when metabolic rate is measured. Food should be withheld for approximately 14
days if the body temperature is held at 25�30°C (or longer at a lower temperature or where the
last meal was greater than 25% of total body mass) to ensure that V� O2 has not been elevated by
digestion. However, pythons should be fed regularly, say weekly before the 14-day fast
immediately prior to measuring metabolic rate to minimise the possibility of obtaining a lower
than �standard� V� O2 because the snake has fasted for an extended period and has a reduced
metabolic rate. Long periods without food may result in a state of metabolic depression. The
time taken for a fasting python to reduce its metabolic rate below its �standard� rate is unknown
and is possibly temperature dependent (Benedict 1932). This aspect of metabolic depression
warrants further investigation.
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Fig. 2. Standard and peak metabolic rates while digesting a meal for nine species of python. V� O2peak data
for seven species of python [Aspidites melanocephalus (5), Antaresia childreni (2), Liasis fuscus (6), Liasis
olivaceus (9), Antaresia stimsoni (3), Morelia spilota spilota (7), Morelia spilota variegata (8)] come from
Bedford (1996), V� O2std for these species come from Bedford and Christian (1998), V� O2peak and V� O2std
for Python molurus (4) with a meal size equal to 25% of body mass come from Secor and Diamond (1997),
and V� O2peak and V� O2std for Morelia spilota imbricata (1) come from this study. Values are means for
V� O2peak (j) and V� O2std (d) with 95% confidence limits represented by dotted lines.
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