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Egg-laying differentiates the life histories of the mono-
tremes dramatically from those of other mammals. Of 
the extant monotremes, there is very little information 
on the life histories of the 3 known species of the genus 
Zaglossus, which are confined to New Guinea (Flannery & 
Groves, 1998). Aspects of the life history of the platypus 
(Ornithorhynchus anatinus) have been subject of a num-
ber of studies (Hulbert & Grant, 1983; Grigg et al., 1992; 
Jabukowski et al., 1998; Bethge, Munks & Nicol, 2001; 
Bethge et al., 2003), some of which have extended over 
sufficiently long periods to allow reasonable estimates of 
parameters such as longevity, breeding success, and recruit-
ment (Grant, 2004; Grant, Griffiths & Temple-Smith, 2004).

The short-beaked echidna, Tachyglossus aculeatus, 
although restricted to Australia and New Guinea, is the 
most widely distributed of the extant monotremes. In New 
Guinea, echidnas occur in both coastal and highland areas 
(Van Deusen & George, 1969). In Australia, echidnas are 
nearly ubiquitous in their distribution, occupying a diverse 
range of habitats from mild coastal areas to above the snow-

line (Griffiths, 1968; Grigg, Beard & Augee, 1989). Despite 
this huge geographic range and diversity of habitats, all 
short-beaked echidnas are assigned to the same species, 
which is divided into five geographic subspecies (Griffiths, 
1978). Reviews of echidna biology have usually assumed 
that life histories of echidnas from different areas or sub-
species are essentially identical (Jackson, 2003), but in fact 
some key life history parameters differ between geographic 
populations or subspecies (Nicol & Andersen, 2006).

This review will concentrate on material gathered dur-
ing our field studies in Tasmania but will also refer to and 
highlight differences between subspecies.

Metabolic rate

Table I summarizes metabolic rate data for echidnas. 
Excluding the data point from Schmidt-Nielsen, Dawson, 
and Crawford (1966), which is considerably higher than 
other measurements and for which no measure of variability 
is given, the mean value for basal metabolic rate (BMR) 
is 0.15 ± 0.01 mL O2·g–1·h–1, 33% of the value predicted 
for mammals by the Kleiber equation (Kleiber, 1932) and 
one of the lowest observed in mammals (Dawson, Grant & 
Fanning, 1979; McNab, 1984). Echidnas also have a low 
body temperature (Tb). When not hibernating or torpid, 
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Tb ranges from 28 to 35 °C, with a modal Tb of 31–32 °C 
(Nicol & Andersen, in press). The low Tb and metabolic 
rate of echidnas have been attributed variously to their phy-
logenetic status (Martin, 1902; Dawson, Grant & Fanning, 
1979), their diet (McNab, 1984), and geographic factors, 
including climatic variability (Lovegrove, 2000). While it 
is difficult to untangle correlation and causality, the echidna 
shows a suite of ecological and life history variables that 
have been correlated with a low BMR. Echidnas eat ants, 
termites, and other soil invertebrates (Smith, Wellham 
& Green, 1989; Griffiths et al., 1990; Abensperg-Traun, 
1994), and low Tb and low BMR have been correlated 
with ant and termite eating in mammals over 1 kg (McNab, 
1984). Interestingly, there are no marsupial counterparts of 
the echidna, presumably because the ant-eating niche was 
already occupied by the echidna in Australia. The nearest 
ecological equivalent is the numbat (Myrmecobius fascia-
tus), with a mass of about 500 g, which feeds exclusively on 
termites, but is at risk of extinction. The numbat also has a 
low Tb and BMR, but these are well within the range of val-
ues seen in other marsupials (Cooper & Withers, 2002). The 
echidna is also semi-fossorial: the mother raises the single 
young in a nursery burrow, and during hibernation echidnas 
will often cover themselves with soil; in mammals a fos-
sorial habit is associated with low BMR (McNab, 1979). 
Echidnas are protected by a dense covering of spines, and 
armoured and spiny mammals also have low metabolic rates 
(Lovegrove, 2001).

BMR is generally believed to be an indicator of 
metabolic capacity (Frappell & Butler, 2004; Ksiazek, 
Konarzewski & Lapo, 2004), and the BMR of mam-
mals correlates with many life history variables (White & 
Seymour, 2004). Although there has been debate about how 
the metabolic constraints on life history variables relate to 
BMR (Harvey, Pagel & Rees, 1991; Johnson, Thomson & 
Speakman, 2001; Mueller & Diamond, 2001), in eutherian 
mammals energy expenditure on reproduction is positively 
correlated with energy expended on maintenance, such 
that high-maintenance species harvest more energy and 
expend more on reproduction than low-maintenance spe-
cies (McNab, 2002), while a low BMR optimizes longevity. 
The low metabolic rate of the echidna is reflected in many 
aspects of its life history: it has a long life, a long lactation 
period, and produces a single young that matures late.

Although there is an overall significant correlation 
between BMR and field metabolic rate (FMR) in mam-
mals (White & Seymour, 2004), analysis is complicated 

by the fact that FMR and BMR scale differently against 
body mass (Nagy, 2005). Generally, in small mammals the 
ratio of FMR:BMR varies from 1.6 to 7.6, with an average 
value of 3.4 (Speakman, 2000). There have been 2 studies 
of field metabolic rates (FMR) in echidnas (Green, Griffiths 
& Newgrain, 1992; Schmid et al., 2003), and these found 
rates 3–4 times greater than BMR. Table II compares meta-
bolic and life history parameters for the echidna, a eutherian 
hibernator of comparable mass, the yellow-bellied marmot 
(Marmota flaviventris), and the other common monotreme, 
the platypus (Ornithorhynchus anatinus). There are no 
comparable marsupial hibernators: the only marsupials to 
show prolonged hibernation, as distinct from daily torpor, 
weigh less than 100 g (Geiser, 1994). The FMR:BMR of 
Marmota flaviventris reflects the fact that the FMR value is 
comparable to other rodents and 135% of that predicted for 
mammals generally, while the BMR value is relatively low. 
The high FMR:BMR of the platypus reflects the energetic 
costs of foraging in cold water (Bethge, Munks & Nicol, 
2001). By contrast, the FMR of echidnas is 40–50% of that 
predicted for mammals (Nagy, Girard & Brown, 1999), i.e., 
BMR and FMR are comparably low.

During hibernation, the metabolic rate of echidnas is 
comparable to that of other hibernating mammals (Nicol, 
Andersen & Mesch, 1992; Nicol & Andersen, 1993). As 
noted by Geiser (1988), hibernators at low Tb represent 
the only example in which mass-specific metabolism does 
not increase exponentially with decreasing body mass. 
This means that the energy savings for large hiberna-
tors are much less than for small hibernators (Singer & 
Bretschneider, 1990). Several aspects of the biology of 
the echidna suggest that the energy benefit of hiberna-
tion would be modest, particularly given the energy cost 
of periodic arousals (Nicol & Andersen, 1993): the very 
low FMR reduces the energy saved by hibernating, and 
because reproductively active echidnas arouse before the 
coldest part of the year, they do not avoid the costs of 
thermoregulation. Despite this, all populations of echidnas 
studied throughout Australia show some degree of torpor 
or hibernation (Nicol & Andersen, 1996).

Hibernation in the annual cycle of the echidna

In Tasmania all echidnas appear to hibernate (Nicol 
& Andersen, 2002). Using implanted temperature loggers, 
we have been able to obtain detailed records of timing of 
13 adult echidnas (4 male, 9 female), with up to 8 y of 
recording from an individual echidna. Adult male echidnas 

Table I. Compilation of metabolic rate data for echidnas. BMR: basal metabolic rate, FMR: field metabolic rate.

	 Reference	 Mass (kg)	 mL O2·g–1·h–1	 kJ·kg–1·d–1

BMR	 (Martin, 1902)	 2.36	 0.151 ± 0.028	 72.8 ± 13.5
BMR	 (Schmidt-Nielsen, Dawson & Crawford, 1966)	 3	 0.217	 104.6 ±
BMR	 (Dawson, Grant & Fanning, 1979)	 3.4	 0.132 ± 0.006	 63.7 ± 2.9
BMR	 (McNab, 1984)	 3.58	 0.153 ± 0.017	 73.8 ± 8.4
BMR*	 (Bech, Nicol & Andersen, 1992)	 2.73	 0.174 ± 0.029	 83.9 ± 14.0
BMR	 (Frappell, Franklin & Grigg, 1994)	 3.12	 0.155 ± 0.031	 75.0 ± 14.8
FMR	 (Green, Griffiths & Newgrain, 1992)	 2.86	 0.634 ± 0.06	 306 ± 29
FMR	 (Schmid et al., 2003)	 3.35	 0.472 ± 0.06	 228 ± 29
Hibernating	 (Nicol & Andersen, 1993)	 2.2	 0.022	 10.6 ± 

*Animals had access to food.



hibernated from February 12 ± 10 (mean ± SD, n = 6) to 
July 2 ± 38 (n = 8), adult females in reproductive years from 
March 11 ± 10 (n = 9) to July 25 ± 21 (n = 13), and adult 
females in non-reproductive years from March 13 ± 21 
(n = 13) to September 21 ± 16 (n = 19). It is important to 
note that these data are based on the 13 echidnas with data 
loggers, which allow the precise timing of hibernation 
events. Time of entry into hibernation is difficult to deter-
mine from field observations, as echidnas may reduce their 
activity well before Tb falls, whereas observing an active 
animal is an unambiguous indication that it is not hibernat-
ing. Even then, as echidnas often move to another location 
during their periodic arousals, observing an active echidna 
does not mean that it has finished hibernating for that year. 
We have, however, observed several females active and mat-
ing in early June, 2 weeks before the earliest date recorded 
from any of the females with a data logger. Figure 1 shows 
3 consecutive years of Tb data from a female echidna, and 
Figure 2 summarizes all data on entry into hibernation 
and emergence obtained from data loggers. These figures 
illustrate the very early entry into hibernation and the dif-
ference in the length of hibernation for females in breeding 
and non-breeding years. The earliest entry and arousal we 
have recorded were from a male that began hibernation on 
January 30 and finished on May 16. As can be seen from 
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Table II. A comparison of life history data of the echidna with the 
yellow-bellied marmot, a eutherian hibernator of comparable mass, 
and the platypus, another monotreme.

	 Echidna	 Marmot 	 Platypus
	 (Tachyglossus	 (Marmota	 (Ornithorhynchus
	 aculeatus)	 flaviventris)	 anatinus)
Adult mass (kg)	 2–7	 2–5	 0.9–2.5
Time to reach adult	 4–6	 2	 1
    mass (y)
No. of young	 1	 5	 1–2
Hatching/birth mass (g)	 0.3	 30	 0.3
Age at weaning (d)	 150*	 35	 150
	 200–210†		
Mass at weaning (kg)	 0.7–2.1	 0.3–0.4 	 0.9
% adult mass	 28–48%	 ≈10%	 56–67%
Maximum growth rate of 	 40 (pre-	 30 (post-
    an individual (g·d–1)	 weaning)	 weaning)
BMR (kJ·kg–1·d–1)	 84	 108	 178
FMR (kJ·kg–1·d–1)	 240	 763	 1033
FMR:BMR	 3	 7	 6
Life span (y)	 50?	 7	 Male 7
			   Female 10–16

Marmot data from Leniham and van Vuren (1996), Nowack (1999), and Woods 
and Armitage (2003); platypus data from Dawson, Grant, and Fanning 
(1979), Munks et al. (2000), Bethge, Munks, and Nicol (2001), Holland and 
Jackson (2002), and Grant (2004).

* Tasmania; † Kangaroo Island and Western Australia.

Figure 1. Body temperature (Tb) over 3 consecutive years for an adult female echidna. The grey line shows soil temperature in the study area within a 
few km of the echidna. Grey bars indicate the period of low Tb variability when the mother was in a nursery burrow in 2002 and 2004. “Test drops”—signifi-
cant but short falls in Tb before entry into hibernation proper—are particularly obvious during 2002 and 2003.
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Figure 2, the majority of entries are between the summer 
solstice and the autumn equinox. In other studies from east-
ern Australia, the timing of hibernation is similar, with the 
length of the hibernation season decreasing in more north-
erly populations. At Mount Kosciusko in southeast Australia 
(36° s) the timing of hibernation is very similar to Tasmania 
(42° s), with the first observed entries on February 3 and the 
last arousals on October 21 (Beard, Grigg & Augee, 1992; 
Grigg, Augee & Beard, 1992). At New England in northern 
New South Wales (30° s) hibernation has been observed 
from April 2 until September 29 (F. Falkenstein, G. Körtner 
& F. Geiser, unpubl. data), and at Texas, Queensland (28° s), 
hibernation has been recorded from May 1 until August 17 
(Beard & Grigg, 2000). However, on Kangaroo Island, South 
Australia (36° s), where the subspecies is T. a. multiaculeatus, 
“a very distinctive echidna” (Griffiths, 1989), Rismiller 
and McKelvey (1996) recorded brief periods of torpor 
between June 8 and August 17, although Green, Griffiths, and 
Newgrain (1992) noted torpor in Kangaroo Island echidnas 
in April and May and measured extremely low rates of water 
influx during these months.

Maximal mass gain occurs in late spring–early summer 
(see below). At the end of this period echidnas progressively 
reduce their activity and food intake, and Tb records may 
show evidence of test-drops before entry into hibernation 
proper (Figure 1). Echidnas appear to follow this pattern 
over all of their range, suggesting it is not simply a response 
to local food availability. In most parts of Tasmania food 
is available throughout the year, and Figure 2 shows that 
at any time of the year except perhaps for a short period 
in May, some Tasmanian echidnas will not be hibernating. 
For females it seems likely that the timing of hibernation 
reflects a balance between a drive to maximize energy sav-
ings by hibernating for as long as possible and mating at 
a time that will maximize the chances of survival of the 
young in the following hibernation season, rather than sim-
ply being a response to a shortage of food. A female arous-
ing from hibernation in late July and mating within a few 
days would wean her young in early January (see section 
on growth rates and lactation), about 8 weeks before the 
overall mean time for entry into hibernation. For males the 
trade-off is likely to be between maximizing energy sav-
ings by hibernating and being ready to mate with females 
when they arouse from hibernation (Nicol & Andersen, 
1993; Nicol & Andersen, 1996; Nicol & Andersen, 2002). 
From our field observations, juvenile echidnas in their first 
year appear to enter hibernation at about the same time as 

females that have been lactating, and juvenile echidnas in 
their first or second year do not emerge from hibernation 
until October–November.

Reproductive activity

Echidna populations from a range of latitudes and 
belonging to different subspecies show remarkably little 
variation in the timing of mating. In Tasmania mating occurs 
from early June to mid-September (Nicol & Andersen, 
2006), whereas in the much colder Mount Kosciusko area 
the mating season begins a few weeks later and extends 
from early July to early September (Beard, Grigg & Augee, 
1992), and on milder Kangaroo Island some mating activity 
has been reported as early as May (Rismiller & Seymour, 
1991). On Kangaroo Island there is a courtship period of 
several weeks when a female may be pursued by a number 
of males (“echidna trains”, Rismiller & McKelvey, 2000), 
but in Tasmania the majority of matings occur within one 
or 2 d of arousal from hibernation (Nicol, Andersen & 
Jones, 2005; Nicol & Andersen, 2006). Towards the end 
of the gestation period of 23 ± 1 d (Rismiller & McKelvey, 
2000), in eastern Australian populations the mother enters 
a nursery burrow (Beard, Grigg & Augee, 1992; Beard & 
Grigg, 2000; Andersen & Nicol, 2004), and the egg is laid 
into the pouch, where it is incubated for 10–11 d before 
hatching (Griffiths, McIntosh & Coles, 1969). On Kangaroo 
Island the female forages with the egg and then the young 
in the pouch and deposits the young in a nursery burrow at 
45–55 d (Rismiller & McKelvey, 2000). The mother then 
returns every 5–10 d to feed it (Griffiths et al., 1988). In 
Tasmania, the mother does not normally leave the nursery 
burrow until the young is 25–35 d old (Nicol & Andersen, 
2006), after which she will leave it alone in the nursery bur-
row, typically for 3–5 d in this early period, while she forag-
es. Other echidna populations or subspecies have maternal 
strategies between these extremes.

Adult mass

The size of a mammal is the major determinant of many 
aspects of its life history (Eisenberg, 1981; Woodward et al., 
2005). Allometric relationships exist between body size and 
many variables, such as energy turnover, brain mass, life 
span, growth rates, and home range (Calder, 1983). Body 
size also constrains diet and habitat use (McNab, 2002). A 
major focus of many studies is the departure of physiologi-
cal or life history variables from their allometrically pre-
dicted values (Dawson, Grant & Fanning, 1979; Lovegrove, 

Figure 2. Summary of the timing of entry and emergence from hibernation for 13 adult echidnas in Tasmania determined from body temperature mea-
sured by implanted data loggers. Individual dates are shown by vertical lines. Shading extends from the first entry into hibernation until the last arousal, and 
the dark shading indicates the period from the last entry into hibernation until the first arousal. Solid curve is day length. Revised from Nicol, Vedel-Smith 
and Andersen (2004).
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2000; McNab, 2002). Differences in sizes between sexes 
are also important, as these correlate with mating systems 
(Eisenberg, 1981).

Adult echidnas range in body mass from 2 to 7 kg, but 
there is some evidence of differences in body mass of echid-
nas from different populations or subspecies. A comparison 
of masses of adult echidnas from our study area showed 
males to be significantly heavier than females (males 
4.1 ± 0.3 kg, n = 13, maximum 5.7 kg; females 3.8 ± 0.4, 
n = 15, maximum = 5.5 kg; t = 2.92, P = 0.007; based on 
an average of 10 observations per animal over a period of 
38 months). In a study in southeast Queensland, adult males 
were also found to be heavier than females (4.1 ± 0.5 kg, 
n = 10 versus 3.4 ± 0.6 kg, n = 9; Beard & Grigg, 2000). By 
contrast, on Kangaroo Island mean body mass at the begin-
ning of the courtship period for females was 3.7 ± 0.5 kg 
(n = 6) and for males 3.0 ± 0.2 kg (n = 7), with this dif-
ference being significant (Rismiller & McKelvey, 2003). 
The highest body masses recorded are from a study in the 
Snowy Mountains, where reproductively active females 
ranged from 3.9 to 7.0 kg (Beard, Grigg & Augee, 1992).

Annual variation in body mass

In all populations that have been observed, echidnas 
show significant annual variation in mass (Green, Griffiths 
& Newgrain, 1992; Beard & Grigg, 2000; Rismiller & 
McKelvey, 2000; Rismiller & McKelvey, 2003). At our 
southern Tasmanian midlands study area, adult males show 
a seasonal variation in body mass of about ± 25%, and 
females of about ± 30%. These mass changes are associ-
ated with the annual cycle of torpor or hibernation and 
reproductive activity, and reflect the large changes in energy 
balance. We have obtained 2 consecutive mass records 
from individual hibernating echidnas on 5 occasions (time 
between weighings 77–224 d), with an average loss of mass 
of 3.5 ± 0.9 g·d–1, similar to the 4 g·d–1 reported by Hill 
and Florant (2000) for Marmota flaviventris. Assuming an 
average metabolic rate for hibernating echidnas of 0.022 
mL·g–1·h–1 (Nicol & Andersen, 1993), which equates to 
42 kJ·d–1 for a 4 kg animal, this could be supported by the 
catabolism of 1.1 g fat·d–1, compared with the 3.5 g·d–1of 
mass actually lost, suggesting the main energy cost during 
hibernation is associated with arousals and the activity dur-
ing those arousals. In Marmota monax euthermic arousals 
account for approximately 70% of the mass lost during 
hibernation (Zervanos & Salsbury, 2003).

Over the approximately 130 d of hibernation of the 
average reproductively active male or female echidna (Nicol 
& Andersen, 2002), these rates of mass loss would result in 
a total loss of about 460 ± 118 g. By contrast, females con-
fined to the nursery burrow while they were incubating an 
egg and then the pouch young lost 16 ± 8 g·d–1 (n = 6), 
4 times the rate of mass loss during hibernation, giving 
a loss of mass of about 480 ± 240 g over 30 d. Similarly, 
males during mating activity lost 14 ± 7 g·d–1 (n = 7), which 
would produce a mass loss of about 840 ± 420 g over 60 d.

Figure 3a (females) and b (males) shows the body 
mass data from all reproductively active echidnas, redrawn 
onto a single 18-month period. Superimposed on these are 
mass changes calculated from a simple model based on the 

average dates of entry and arousal from hibernation and 
the mass losses given above. We have only limited data for 
females for the period between arousal from hibernation 
and entry into the nursery burrow. One female gained 328 g 
over 21 d, but others lost mass, possibly due to continued 
harassment by males, limiting feeding opportunities. For 
the model we have assumed no net change during this time. 
We have also assumed that females gain mass at a constant 
rate after emerging from the nursery burrow, but the graph 
shows many females continue to lose mass even after emer-
gence. Our model assumes males lose mass from the period 
of arousal until the end of the mating season. Overall, this 
simple model provides a reasonable fit to the empirical 
data and shows the greatest mass losses are associated with 
reproduction and not hibernation.

Figure 3. Annual body mass changes in reproductively active echid-
nas. a) Reproductively active females (open circles), i.e., females which 
had young in the breeding season shown, redrawn onto a single 18-month 
period. Filled circles: echidna (animal id: 5D5E). Squares and lines show a 
simple model of annual mass change calculated assuming entry into hiber-
nation on March 11 and arousal on July 25, with a mass loss during hiber-
nation of 3.5 g·d–1. Mating is assumed to occur 1 d after arousal, with entry 
into the nursery burrow 21 d after mating. The model assumes that between 
arousal and entry into the nursery burrow the female does not change in 
mass, but when in the nursery burrow she loses 16 g·d–1. Grey horizon-
tal bar: hibernation period; cross-hatched bar: period when the female is 
confined to the nursery burrow. b) Body mass data from all reproductively 
active males (open circles), redrawn onto a single 18-month period. Squares 
and lines show a simple model of annual mass change calculated assuming 
entry into hibernation on February 12 and arousal on July 2, with a mass 
loss during hibernation (grey bar) of 3.5 g·d–1. A mass loss of 14 g·d–1 is 
assumed from arousal until the end of mating activity (shaded bar).
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Growth rates and lactation

Growth rates are of considerable interest because the 
hatchling is so small, and because of the echidna’s low met-
abolic rate, which might limit maximum growth rates. Two 
hatchling echidnas from New South Wales weighed 0.38 g 
(Griffiths, McIntosh & Coles, 1969; Griffiths, 1978), while 
the mean mass of 11 newly hatched Kangaroo Island echid-
nas was 0.30 ± 0.03 g (Rismiller & McKelvey, 2003). After 
hatching, the growth of the young echidna can be divided 
into two phases. In the first phase the young is incubated 
in the pouch, and is able to suckle continuously. This phase 
ends when the young is evicted from the pouch, and from 
this point the young is left in a nursery burrow by the moth-
er while she is feeding, and remains there until weaning.

The first measurements of echidna growth rates were 
made on a single young whose mother was held in captiv-
ity (Griffiths, 1978). In a study on free-ranging echidnas, 
Rismiller and McKelvey (2003) recorded the body masses 
of 25 pouch young between the ages of 5 and 60 d, and 
found similar growth rates to those observed by Griffiths 
(1978). From 5 to 55 d growth of young followed a typi-
cal mammalian power curve (Eisenberg, 1981) and could 
be described by the equation: body mass (g) = 0.27age1.607 
(Rismiller & McKelvey, 2003). There are fewer data for the 
later stages of lactation and post-lactational growth. Figure 4 
shows composite curves based on data from Rismiller and 
McKelvey (2003) combined with our own observations 
on 2 growing young and 8 y of observations on an adult. 
The growth curve follows a sawtooth pattern, with mass 
falling after weaning. Mass continues to fall through the 
first hibernation and does not increase until late in the fol-
lowing spring. As noted above, this annual fluctuation in 
mass continues through life, which makes it difficult to 
estimate when echidnas reach their adult size. Rismiller and 
McKelvey (2003) claim that Kangaroo Island echidnas do 
not begin reproductive behaviour until they are 5–12 y old, 
and the young Tasmanian male shown in Figure 4 (solid 
squares) was found with a female during his 6th year.

On Kangaroo Island the young are weaned when they 
are 204–210 d old (Rismiller & McKelvey, 2003). For 5 
individuals followed from burrow life to post-weaning, body 
mass at weaning was 1.44 ± 0.48 kg (range 0.7–2.1 kg) and 
correlated with maternal mass (mass of young at wean-
ing = maternal mass × 0.73 – 1.12; Rismiller & McKelvey, 
2003). Abensperg-Traun (1989) monitored a young of the 
Western Australian subspecies (T. a. acanthion) and found 
weaning to occur at 195–200 d. At this point the young 
weighed 1.68 kg and the mother 3.8 kg. We have only 
been able to follow 2 burrow young through to weaning, 
and for 1 of these we have growth details (Figure 4, solid 
circles). This young was weaned at 153 d old, at which time 
it weighed 1.74 kg. The second was weaned at 146 d, with 
a mass of 1.55 kg. Maternal masses when the young were 
weaned were 4.16 kg and 3.68 kg, respectively, reasonably 
close to the relationship found by Rismiller and McKelvey 
(2003). The ratio of the mass of the young at weaning to 
average adult mass is about 0.4, a little higher than the aver-
age value for mammals (Charnov, 2002). However, time 
to weaning (150 d) is much shorter in Tasmania than that 
found for Kangaroo Island and Western Australian echidnas, 

implying a significantly higher growth rate. This is neces-
sary because in Tasmania the majority of matings occur 
in late July, and a 200-d lactation period would mean the 
young would not be weaned before mid-March, when the 
majority of animals have entered hibernation.

In an extensive analysis of 829 species from the 3 
mammalian orders, Hayssen (1993) found the primary influ-
ence on lactation length to be female mass, with important 
constraints being imposed by phylogeny. The long lactation 
period of the echidna cannot be explained simply by the 
altricial nature of the young: marsupials, bats, and primates 
also have long lactation periods, but neither bats nor pri-
mates have particularly small offspring relative to maternal 

Figure 4. Composite growth curves for echidnas. Open symbols are data 
from Rismiller and McKelvey (2003) for 5 to 60 d (25 individuals, open dia-
monds) and 50 to 110 d (1 individual, open squares). Solid symbols are from 
our own observations on 2 growing young (solid circles and squares) and 8 y 
of observations on an adult (5D5E, solid triangles). The 3 panels emphasize 
the period of exponential growth up until weaning (arrow, panel a), the saw-
tooth growth of the juvenile (panel b), and the large annual variation in mass 
after adult mass is reached at about 4–5 y of age (panel c).
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mass, while dasyurid marsupials have shorter lactation 
periods than macropod marsupials, although dasyurid young 
are more altricial (Hayssen, 1993). As shown in Table II, 
the lactation period of echidnas is about 5 times longer than 
that of marmots, and echidnas are proportionately heavier 
at weaning. As Hayssen (1993) has pointed out, lactation 
in monotremes and marsupials, but not eutherians, encom-
passes the exponential period of offspring growth. In the 
echidna the highest absolute (g·d–1) growth rates occur just 
before weaning. The highest rate we have observed was an 
increase from 550 to 970 g in 8 d, an average of 41 g·d–1. 
By comparison, the highest growth rates observed in indi-
vidual juvenile marmots (30 g·d–1) were post-weaning 
(Andersen, Armitage & Hoffman, 1976). In the period just 
before weaning, the lactating female echidna is supplying 
energy to her young at a similar rate to a female marmot 
with a litter of 4 with an average growth rate of 10 g·d–1.

The only measurements of field metabolic rates of lac-
tating echidnas are from females with young aged 46–55 d, 
growing at about 5 g·d–1 (Schmid et al., 2003). A mass 
increase of 5 g·d–1 would require the transfer of about 
190 kJ·d–1 of milk energy (Green, Griffiths & Newgrain, 
1992), amounting to about 25% of the field metabolic rate 
of a non-lactating echidna (Schmid et al., 2003). Despite 
this, there was no significant difference in field metabolic 
rate between lactating (257 ± 30 kJ·kg–1·d–1, n = 3) and non-
lactating females (227 ± 14 kJ·kg–1·d–1, n = 4), implying that 
there is a compensatory reduction in energy expenditure in 
other areas, such as gross activity or thermoregulation. At 
the end of lactation, however, the high growth rates of the 
young would be expected to approximately treble FMR, 
which is consistent with the observation that late lacta-
tion is the most energetically demanding time for a female 
mammal (Millar, 1977; Kenagy et al., 1990; Speakman & 
McQueenie, 1996). What makes this period of the echidna 
life cycle particularly worthy of further study is the fact that 
despite this huge increase in metabolic demand, females 
increase in mass during late lactation (Schmid et al., 2003).

The very low mass of the young at hatching, and the 
low initial growth rates (Figure 4) mean that the majority 
of maternal investment in the young is deferred until late 
lactation. The loss of an egg, or the loss of a young in the 
first few months of lactation, thus does not represent a large 
amount of lost energy investment in itself, and the female 
will have incurred a larger energy penalty by losing feeding 
time while she was in the burrow.

The majority of studies suggest weaning in echidnas 
is an abrupt event, with the mother opening the entrance 
to the nursery burrow, which is usually closed during her 
absence (Abensperg-Traun, 1991; Rismiller & McKelvey, 
2003), and having no further contact with the young. This 
picture of a naïve young echidna having to learn how to for-
age for food by itself, and with no transition period while 
it still has access to milk, is supported by the loss of mass 
before the first hibernation (Figure 4). However, Abensperg-
Traun (1989) reports a young excavating a shelter with its 
mother 67 d after weaning and then attempting to suckle. 
On 2 occasions in February we have found young echidnas 
(1.6 and 1.9 kg) in close proximity to an adult female we 
have assumed to be the mother. It is possible that these were 

chance encounters between a mother moving around her 
home range and a young that had not yet dispersed, but the 
behaviour around the weaning period is worth further study.

Life span and mortality

An echidna (of unknown age when obtained) is 
recorded as having lived for 50 y in the Philadelphia Zoo 
(Crandall, 1964). In a compilation of longevity of cap-
tive mammals (Eisenberg, 1981) this was exceeded only 
by 57 y for an Asian elephant. Rismiller (1999) records an 
anecdotal report of an individual echidna living for up to 
45 y in the wild, and while records for single individuals, 
particularly those in zoos, may be unrepresentative of aver-
age maximum longevity (Speakman et al., 2002), it is clear 
that echidnas are very long lived mammals. As is typical 
of biological time periods the life span of mammals scales 
roughly as body mass0.25 (McNab, 2002), and an allometric 
curve fitted to data from 47 mammalian species predicts the 
life span for a 4 kg mammal to be 17 y (95% confidence 
limits 12–26 y; Hofman, 1993). What accounts for the much 
longer than predicted life span of the echidna? As noted 
above, echidnas have a very low metabolic rate, and low Tb 
and low metabolic rates have been correlated with longevity 
in mammals (Austad & Fischer, 1991; White & Seymour, 
2004; but also see Speakman et al., 2002). Echidnas also 
use hibernation and torpor to further reduce energy expendi-
ture, and Tasmanian echidnas spend 25–50% of any year at 
a Tb of less than 20 °C (Nicol & Andersen, in press). There 
appears to be a consensus that ageing is associated with 
the production of free radicals, and free radical production 
is proportional to metabolic rate (Lane, 2002). Although 
metabolic rate during hibernation is very low, in all hiber-
nators the hibernation period is marked by periodic arous-
als to euthermic temperatures, which in echidnas occur on 
average at 11-d intervals (Nicol & Andersen, 2002). During 
these rewarmings metabolic rates reach at least 9 times 
basal (Nicol & Andersen, in press) and would be expected 
to result in significant free-radical production. Indeed, it 
has been demonstrated that there are significant periods 
of oxidative stress in the torpor–arousal cycle of hiberna-
tors (Carey, Andrews & Martin, 2003), and elevated levels 
of plasma ascorbate provide antioxidant protection during 
rewarming (Tøien et al., 2001). While the idea that hiberna-
tion and torpor extend life span by slowing metabolism and 
free-radical production is probably too simplistic, the acti-
vation of stress resistance associated with torpor cycles may 
be associated with longevity (Stuart & Brown, 2006).

Echidnas also have a large brain with a large and exten-
sively folded cerebral cortex, and on a graph of brain 
mass against body mass, the echidna lies significantly 
above the line describing therians (Hassiotis, Paxinos & 
Ashwell, 2003). Longevity has been shown to correlate with 
encephalization (Hofman, 1993), and the echidna encepha-
lization index (0.066 ± 0.014) is similar to that of Carnivora 
(Hassiotis, Paxinos & Ashwell, 2003). Indeed, Hofman 
(1993) demonstrates that when the effects of body size, met-
abolic rate, and temperature are controlled for, brain mass 
is significantly associated with maximum life span in mam-
mals, and suggests that selection for increased brain size 
results in a cascade of evolutionary effects, including single 
births, prolonged postnatal development and learning, a pro-
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portional delay in maturation and reproductive rate, and thus 
an increase in generation time. An alternative explanation 
comes from the observation that endotherms with low expo-
sure to environmental hazards and predation, and thus a low 
mortality, generally have long life spans (McNab, 2002).

For the majority of their evolutionary history, the prin-
cipal potential predators of echidnas would have been large 
carnivorous marsupials and large reptiles. The thylacine and 
the Tasmanian devil were both widespread across Australia 
before the arrival of dingoes about 3000 y ago and quoll 
species occurred across much of Australia until relatively 
recently (Strahan, 1983). Varanid lizards (goannas) are 
still found across most of mainland Australia (Wilson & 
Knowles, 1992). By extrapolation from data on Kangaroo 
Island, where the principal predators are feral cats, pigs, and 
goannas (Rismiller & McKelvey, 2000), burrow young and 
sub-adults are the most susceptible to predation. An adult 
echidna when disturbed will rapidly move to the nearest 
refuge in rocks or logs, but if unable to reach a safe refuge, 
will dig into the substrate, presenting only its spine-covered 
back to the predator. Although echidnas often hibernate 
in easily accessible refuges, such as piles of leaf litter or 
grass tussocks, we have seen no evidence of predation of 
hibernating animals (Nicol & Andersen, 2006). In contem-
porary Australia, the major causes of morbidity and mortal-
ity of echidnas are motor vehicles and introduced predators 
(McOrist & Smales, 1986; Rismiller & McKelvey, 2000), 
and it is claimed that the majority of captive animals die 
from old age (Jackson, 2003).

In a stable population, recruitment will balance mor-
tality, and as adult echidnas have a low mortality and a 
long life span, it is interesting to consider the limits on 
population growth. Firstly, reproductively mature female 
echidnas may hibernate through the breeding season (Nicol 
& Andersen, 2002). An estimate of breeding frequency 
can be obtained from Tb data from implanted data loggers 
(Figure 1). For the total of 32 y of Tb data we have from 7 
adult females, they were reproductively active in only 15 
(Nicol & Andersen, in press). Three females had young in 
2 successive years, and 1 produced 4 young in 6 y. We do 
not know how many of these young survived to weaning. 
Rismiller and McKelvey (2000) recorded a lower rate of 
production, with 22 young being produced by 17 females 
over a 7-y period and only 8 surviving until weaning. The 
period immediately following weaning appears to be criti-
cal for young echidnas, which in Tasmania enter hiberna-
tion about 2 months after weaning. It also seems likely that 
there is significant mortality during dispersal.

Over a 7-y study on their ca 1000-ha Kangaroo Island 
study area (Rismiller & McKelvey, 2000) found 87 indi-
viduals, 17 of which (20%) were juveniles believed to have 
been recruited into the population from outside areas. Over 
10 y on our similarly sized southern Tasmanian midlands 
study area we found a total of 168 individuals, 34 of which 
(20%) were juveniles. During the first 3 y we found 102 
echidnas, and in following years new echidnas were found 
at a relatively constant rate of 9.7·y–1, with juveniles com-
prising 24% of these. Thus, it appears we have a resident 
population of about 100 echidnas with an annual turnover 
of about 10% and a recruitment of young echidnas of about 
2.5% of the population.

Conclusion
Despite their near-ubiquitous Australian distribution, 

the echidna’s relatively small size, cryptic habit, and long 
life have made it difficult to make estimates of life history 
parameters such as average life span and reproductive effort. 
It is also clear that there are significant differences between 
geographic populations or subspecies in such things as the 
length of lactation and the use of hibernation. There is how-
ever an accumulating body of information on the details of 
life history, allowing better insights into the relationship of 
these most successful of the egg-laying mammals with their 
environment. While it is reasonable to characterize echid-
nas as being at the extreme slow end of the fast–slow con-
tinuum, this should not obscure the fact that the mother can 
support remarkably high growth rates of young echidnas in 
late weaning while increasing her own mass.

Acknowledgements
We thank M. Richards, C. Vedel-Smith, A. Reye, and D. 

Lovell for their invaluable assistance in the field. We are grateful 
to the McShane family of Stockman Stud for allowing us to carry 
out this work on their property. Thanks to J. Millar, H. Ylonen, and 
H. Hofer for organizing the “Life Histories: The Basics Revisited” 
symposium at the 9th International Mammalogical Congress, at 
which the first version of this paper was presented. Thanks to 
F. Geiser for commenting on the MS and to an anonymous ref-
eree for useful suggestions. Financial support was provided by the 
Australian Research Council, the University of Tasmania Internal 
Research Grant Scheme, and the National Geographic Committee 
for Research and Exploration. This work was carried out under 
permit from the Tasmanian Department of Primary Industries, 
Water, and Environment and the University of Tasmania Animal 
Ethics Committee and complies with the Tasmanian Animal 
Welfare Act (1993) and the Australian Code of Practice for the 
Care and Use of Animals for Scientific Purpose (2004).

Literature cited
Abensperg-Traun, M., 1989. Some observations on the duration 

of lactation and movements of a Tachyglossus aculeatus acan-
thion (Monotremata: Tachyglossidae) from Western Australia. 
Australian Mammalogy, 12: 33–34.

Abensperg-Traun, M., 1991. A study of home-range, movements 
and shelter use in adult and juvenile echidnas, Tachyglossus 
aculeatus (Monotremata: Tachyglossidae), in Western Australian 
wheat belt reserves. Australian Mammalogy, 14: 13–22.

Abensperg-Traun, M., 1994. The influence of climate on patterns 
of termite eating in Australian mammals and lizards. Australian 
Journal of Ecology, 19: 65–71.

Andersen D. A., K. B. Armitage & R. S. Hoffman, 1976. 
Socioecology of marmots: Femal reproductive strategies. 
Ecology, 57: 552-560.

Austad, S. N. & K. E. Fischer, 1991. Mammalian aging, metabo-
lism, and ecology: Evidence from the bats and marsupials. 
Journal of Gerontology, 46: B47–53.

Beard, L. A. & G. C. Grigg, 2000. Reproduction in the short-
beaked echidna, Tachyglossus aculeatus: Field observations at 
an elevated site in south-east Queensland. Proceedings of the 
Linnean Society of New South Wales, 122: 89–99.

Beard, L. A., G. C. Grigg & M. L. Augee, 1992. Reproduction by 
echidnas in a cold climate. Pages 93–100 in M. L. Augee (Ed.). 
Platypus and Echidnas. Royal Zoological Society of New South 
Wales, Mosman.



ÉCOSCIENCE, vol. 14 (3), 2007

283

Bech, C., S. C. Nicol & N. A. Andersen, 1992. Ventilation in 
the echidna Tachyglossus aculeatus. Pages 134–139 in M. L. 
Augee (Ed.). Platypus and Echidnas. Royal Zoological Society 
of New South Wales, Mosman.

Bethge, P., S. Munks & S. Nicol, 2001. Energetics of foraging 
and locomotion in the platypus, Ornithorhynchus anatinus. 
Comparative Biochemistry and Physiology, B, 171: 497–506.

Bethge, P., S. Munks, H. Otley & S. Nicol, 2003. Diving behav-
iour, dive cycles and aerobic dive limit in the platypus 
Ornithorhynchus anatinus. Comparative Biochemistry and 
Physiology, A, 136: 799–809.

Calder, W. A., 1983. Ecological scaling: Mammals and birds. 
Annual Review of Ecology and Systematics, 14: 213–230.

Carey, H. V., M. T. Andrews & S. L. Martin, 2003. Mammalian 
hibernation: Cellular and molecular responses to depressed 
metabolism and low temperature. Physiological Reviews, 83: 
1153–1181.

Charnov, E. L., 2002. Reproductive effort, offspring size and bene-
fit–cost ratios in the classification of life histories. Evolutionary 
Ecology Research, 4: 749–758.

Cooper, C. E. & P. C. Withers, 2002. Metabolic physiology of 
the numbat (Myrmecobius fasciatus). Journal of Comparative 
Physiology, B, 172: 669–675.

Crandall, L. S., 1964. The Management of Wild Mammals in 
Captivity. University of Chicago Press, Chicago, Illinois.

Dawson, T. J., T. R. Grant & D. Fanning, 1979. Standard metab-
olism of monotremes and the evolution of homeothermy. 
Australian Journal of Zoology, 27: 511–515.

Eisenberg, J. F., 1981. The Mammalian Radiations. University of 
Chicago Press, Chicago, Illinois.

Flannery, T. F. & C. P. Groves, 1998. A revision of the genus 
Zaglossus (Monotremata, Tachyglossidae), with description of 
new species and subspecies. Mammalia, 62: 367–396.

Frappell, P. B. & P. J. Butler, 2004. Minimal metabolic rate, what 
it is, its usefulness, and its relationship to the evolution of 
endothermy: A brief synopsis. Physiological and Biochemical 
Zoology, 77: 865–868.

Frappell, P. B., C. E. Franklin & G. C. Grigg, 1994. Ventilatory and 
metabolic responses to hypoxia in the echidna, Tachyglossus 
aculeatus. American Journal of Physiology, 36: R1510–R1515.

Geiser, F., 1988. Reduction of metabolism during hibernation 
and daily torpor in mammals and birds: Temperature effect or 
physiological inhibition? Journal of Comparative Physiology, 
B, 151: 349–359.

Geiser, F., 1994. Hibernation and daily torpor in marsupials: A 
review. Australian Journal of Zoology, 42: 1–16.

Grant, T. R., 2004. Captures, capture mortality, age and sex ratios 
of platypuses, Ornithorhynchus anatinus, during studies over 
30 years in the upper Shoalhaven River in New South Wales. 
Proceedings of the Linnean Society of New South Wales, 125: 
217–226.

Grant, T. R., M. Griffiths & P. D. Temple-Smith, 2004. Breeding 
in a free-ranging population of platypuses, Ornithorhynchus 
anatinus, in the upper Shoalhaven River, New South Wales: 
A 27 year study. Proceedings of the Linnean Society of New 
South Wales, 125: 227–234.

Green, B., M. Griffiths & K. Newgrain, 1992. Seasonal patterns 
in water, sodium and energy turnover in free-living echidnas, 
Tachyglossus aculeatus (Mammalia, Monotremata). Journal of 
Zoology, 227: 351–365.

Griffiths M., 1968. Echidnas. Pergamon Press, Oxford.
Griffiths, M., 1978. The Biology of Monotremes. Academic Press, 

New York, New York.

Griffiths, M., 1989. Tachyglossidae. Pages 407–435 in D. 
W. Walton & B. J. Richardson (Eds.). Fauna of Australia. 
Australian Government Publishing Service, Canberra.

Griffiths, M., D. L. McIntosh & R. E. A. Coles, 1969. The mam-
mary gland of the echidna, Tachyglossus aculeatus, with obser-
vations on the incubation of the egg and on the newly hatched 
young. Journal of Zoology, London: 158: 371–386.

Griffiths, M., F. Kristo, B. Green, A. C. Fogerty & K. Newgrain, 
1988. Observations on free-living, lactating echidnas, 
Tachyglossus aculeatus (Monotremata: Tachyglossidae), and 
sucklings. Australian Mammalogy, 11: 135–144.

Griffiths, M., P. J. M. Greenslade, M. Miller & J. A. Kerle, 
1990. The diet of the spiny ant-eater Tachyglossus aculeatus 
acanthion in tropical habitats in the Northern Territory. The 
Beagle, Records of the Northern Territory Museum of Arts and 
Sciences, 7: 79–90.

Grigg, G. C., M. L. Augee & L. A. Beard, 1992. Thermal rela-
tions of free-living echidnas during activity and in hiberna-
tion in a cold climate. Pages 160–173 in M. L. Augee (Ed.). 
Platypus and Echidnas. Royal Zoological Society of New 
South Wales, Mosman.

Grigg G. C., L. A. Beard & M. L. Augee, 1989. Hibernation in a 
monotreme, the echidna Tachyglossus aculeatus. Comparative 
Biochemistry and Physiology - Part A. Physiology, 92: 609–612.

Grigg, G. C., L. A. Beard, T. Grant & M. L. Augee, 1992. Body 
temperature and diurnal activity patterns in the platypus 
(Ornithorhynchus anatinus) during winter. Australian Journal 
of Zoology, 40: 135–142.

Harvey, P. H., M. D. Pagel & J. A. Rees, 1991. Mammalian metab-
olism and life histories. American Naturalist, 137: 556–566.

Hassiotis, M., G. Paxinos & K. W. S. Ashwell, 2003. The anatomy 
of the cerebral cortex of the echidna (Tachyglossus aculeatus). 
Comparative Biochemistry and Physiology, A, 136: 827–850.

Hayssen, V., 1993. Empirical and theoretical constraints on the evo-
lution of lactation. Journal of Dairy Science, 76: 3213–3233.

Hill, V. L. & G. L. Florant, 2000. The effect of a linseed oil diet on 
hibernation in yellow-bellied marmots (Marmota flaviventris). 
Physiology & Behavior, 68: 431–437.

Hofman, M. A., 1993. Encephalization and the evolution of longev-
ity in mammals. Journal of Evolutionary Biology, 6: 209–227.

Holland, N. & S. M. Jackson, 2002. Reproductive behaviour and 
food consumption associated with captive breeding of platypus 
(Ornithorhynchus anatinus). Journal of Zoology, London, 256: 
279–288.

Hulbert, A. J. & T. R. Grant, 1983. A seasonal study of body con-
dition and water turnover in a free-living population of platy-
puses, Ornithorhynchus anatinus (Monotremata). Australian 
Journal of Zoology, 31: 109–116.

Jabukowski, J. M., N. P. New, G. M. Stone & R. C. Jones, 
1998. Reproductive seasonality in female platypuses, 
Ornithorhynchus anatinus, in the Upper Barnard River, New 
South Wales. Australian Mammalogy, 20: 207–213.

Jackson, S. M., 2003. Australian Mammals: Biology and Captive 
Management. CSIRO Publishing, Melbourne.

Johnson, M. S., S. C. Thomson & J. R. Speakman, 2001. Limits to 
sustained energy intake. II. Inter-relationships between resting 
metabolic rate, life-history traits and morphology in Mus mus-
culus. Journal of Experimental Biology, 204: 1937–1946.

Kenagy, G. J., D. Masman, S. M. Sharbaugh & K. A. Nagy, 1990. 
Energy expenditure during lactation in relation to litter size in 
free living golden-mantled ground squirrels. Journal of Animal 
Ecology, 59: 73–88.



Nicol & Andersen: Echidna life history

284

Kleiber, M., 1932. Body size and metabolism. Hilgardia, 6: 315–353.
Ksiazek, A., M. Konarzewski & I. B. Lapo, 2004. Anatomic and 

energetic correlates of divergent selection for basal meta-
bolic rate in laboratory mice. Physiological and Biochemical 
Zoology, 77: 890–899.

Lane, N., 2002. Oxygen: The Molecule that Made the World. 
Oxford University Press, Oxford.

Leniham, C. & D. van Vuren, 1996. Growth and survival of juve-
nile yellow-bellied marmots (Marmota flaviventris). Canadian 
Journal of Zoology, 74: 297–302.

Lovegrove, B. G., 2000. The zoogeography of mammalian basal 
metabolic rate. American Naturalist, 156: 201–219.

Lovegrove, B. G., 2001. The evolution of body armour in mam-
mals: Plantigrade constraints of large body size. Evolution, 55: 
1464–1473.

Martin, C. J., 1902. Thermal adjustment and respiratory exchange 
in monotremes and marsupials: A study in the development 
of homoeothermism. Royal Society of London Philosophical 
Transactions, B, 195: 1–37.

McNab, B. K., 1979. The influence of body size on the energetics 
and distribution of fossorial and burrowing mammals. Ecology, 
60: 1010–1021.

McNab, B. K., 1984. Physiological convergence amongst ant-eat-
ing and termite-eating mammals. Journal of Zoology, London, 
203: 485–510.

McNab, B. K., 2002. The Physiological Ecology of Vertebrates: A 
View from Energetics. Cornell University Press, Ithaca, New York.

McOrist, S. & L. Smales, 1986. Morbidity and mortality of free-
living and captive echidnas, Tachyglossus aculeatus (Shaw). 
Journal of Wildlife Diseases, 22: 375–380.

Millar, J. S., 1977. Adaptive features of mammalian reproduction. 
Evolution, 31: 370–386.

Mueller, P. & J. Diamond, 2001. Metabolic rate and environmental 
productivity: Well provisioned animals evolved to run and idle 
fast. Proceedings of the National Academy of Sciences, USA, 
98: 12550–12555.

Munks, S. A., H. M. Otley, P. Bethge & J. Jackson, 2000. 
Reproduction, diet and daily energy expenditure of the platypus 
in a sub-alpine Tasmanian lake. Australian Mammalogy, 21: 
260–261.

Nagy, K. A., 2005. Field metabolic rate and body size. Journal of 
Experimental Biology, 208: 1621–1625.

Nagy, K. A., I. A. Girard & T. K. Brown, 1999. Energetics of 
free-ranging mammals, reptiles, and birds. Annual Review of 
Nutrition, 19: 247–277.

Nicol, S. C. & N. A. Andersen, 1993. The physiology of hiberna-
tion in an egg-laying mammal, the echidna. Pages 55–64 in 
C. Carey, G. F. Florant, B. A. Wunder & B. Horwitz (Eds.). 
Life in the Cold III: Ecological, Physiological, and Molecular 
Mechanisms. Westview Press, Boulder, Colorado.

Nicol, S. C. & N. A. Andersen, 1996. Hibernation in the echidna: 
Not an adaptation to cold? Pages 7–12 in F. Geiser, A. J. 
Hulbert & S. C. Nicol (Eds.). Adaptations to the Cold: Tenth 
International Hibernation Symposium. University of New 
England Press, Armidale.

Nicol, S. C. & N. A. Andersen, 2002. The timing of hibernation 
in Tasmanian echidnas: Why do they do it when they do? 
Comparative Biochemistry and Physiology, B, 131: 603–611.

Nicol S. C. & N. A. Andersen, 2006. Body temperature as an 
indicator of egg-laying in the echidna, Tachyglossus aculeatus. 
Journal of Thermal Biology 31: 483–490.

Nicol S. C. & N. A. Andersen, in press. Rewarming rates and ther-
mogenesis in hibernating echidnas. Comparative Biochemistry 
and Physiology - Part A. Molecular & Integrative Physiology, 
doi:10.1016/j.cbpa.2006.08.039

Nicol, S. C., N. A. Andersen & U. Mesch, 1992. Metabolic rate and 
ventilatory pattern in the echidna during hibernation and arousal. 
Pages 150–159 in M. L. Augee (Ed.). Platypus and Echidnas. 
Royal Zoological Society of New South Wales, Mosman.

Nicol S. C., C. Vedel-Smith & N. A. Andersen, 2004. Behavior, 
body temperature and hibernation in Tasmanian echidnas 
(Tachyglossus aculeatus). Pages 149-157 in B. M. Barnes & H. 
V. Carey (Eds). Biological Papers of the University of Alaska, 
Fairbanks, Alaska. 

Nowak, R. M., 1999. Walker’s Mammals of the World, 6th Edition. 
Johns Hopkins University Press, Baltimore, Maryland.

Rismiller, P. D., 1999. The Echidna, Australia’s Enigma. Hugh 
Lauter Levin Associates, Westport, Connecticut.

Rismiller, P. D. & M. W. McKelvey, 1996. Sex, torpor and activity 
in temperate climate echidnas. Pages 23–30 in F. Geiser, A. J. 
Hulbert & S. C. Nicol (Eds.). Adaptations to the Cold: Tenth 
International Hibernation Symposium. University of New 
England Press, Armidale.

Rismiller, P. D. & M. W. McKelvey, 2000. Frequency of breeding 
and recruitment in the short-beaked echidna, Tachyglossus acu-
leatus. Journal of Mammalogy, 81: 1–17.

Rismiller, P. D. & M. W. McKelvey, 2003. Body mass, age and 
sexual maturity in short-beaked echidnas, Tachyglossus acu-
leatus. Comparative Biochemistry and Physiology, A, 136: 
851–865.

Rismiller, P. D. & R. S. Seymour, 1991. The echidna. Scientific 
American, 264: 96–103.

Schmid, J., N. A. Andersen, J. R. Speakman & S. C. Nicol, 2003. 
Field energetics of free-living, lactating and non-lactating 
echidnas (Tachyglossus aculeatus). Comparative Biochemistry 
and Physiology, A, 136: 903–909.

Schmidt-Nielsen, K., T. J. Dawson & E. J. Crawford, 1966. 
Temperature regulation in the echidna (Tachyglossus aculea-
tus). Journal of Cellular Physiology, 67: 63–71.

Singer, D. & H. J. Bretschneider, 1990. Metabolic reduction 
in hypothermia: Pathophysiological problems and natural 
examples, Part 2. Thoracic and Cardiovascular Surgeon, 38: 
212–219.

Smith, A. P., G. S. Wellham & S. W. Green, 1989. Seasonal 
foraging activity and microhabitat selection by echidnas 
(Tachyglossus aculeatus) on the New England Tablelands. 
Australian Journal of Ecology, 14: 457–468.

Speakman, J. R., 2000. The cost of living: Field metabolic rates 
of small mammals. Advances in Ecological Research, 30: 
177–297.

Speakman, J. R. & J. McQueenie, 1996. Limits to sustained 
metabolic rate: The link between food intake, basal meta-
bolic rate and morphology in reproducing mice, Mus musculus. 
Physiological Zoology, 69: 746–769.

Speakman, J. R., C. Selman, J. S. McLaren & E. J. Harper, 2002. 
Living fast, dying when? The link between aging and energet-
ics. Journal of Nutrition, 132: 1583S–1597S.

Strahan, R., 1983. Complete Book of Australian Mammals. Angus 
& Robertson, Sydney.

Stuart, J. A. & M. F. Brown, 2006. Energy, quiescence and the cel-
lular basis of animal life spans. Comparative Biochemistry and 
Physiology, A, 143: 12–23.



ÉCOSCIENCE, vol. 14 (3), 2007

285

Tøien, Ø., K. L. Drew, M. L. Chao & M. E. Rice, 2001. Ascorbate 
dynamics and oxygen consumption during arousal from 
hibernation in Arctic ground squirrels. American Journal of 
Physiology, 281: R572–583.

Van Deusen, H. M. & G. G. George, 1969. Results of the Archbold 
Expeditions. No. 90. Notes on the echidnas (Mammalia, 
Tachyglossidae) of New Guinea. American Museum Novitates, 
2383: 1–23.

White, C. R. & R. S. Seymour, 2004. Does basal metabolic rate 
contain a useful signal? Mammalian BMR allometry and cor-
relations with a selection of physiological, ecological and life-
history variables. Physiological and Biochemical Zoology, 77: 
929–941.

Wilson, S. K. & D. G. Knowles, 1992. Australia’s Reptiles. Harper 
Collins, Sydney.

Woods, B. C. & K. B. Armitage, 2003. Effect of food supplemen-
tation on juvenile growth and survival in Marmota flaviventris. 
Journal of Mammalogy, 84: 903–914.

Woodward, G., B. Ebenman, M. Emmerson, J. M. Montoya, J. 
Olesen, A. Valido & P. H. Warren, 2005. Body size in ecologi-
cal networks. Trends in Ecology & Evolution, 20: 402–409.

Zervanos, S. M. & C. M. Salsbury, 2003. Seasonal body tempera-
ture fluctuations and energetic strategies in free-ranging eastern 
woodchucks (Marmota monax). Journal of Mammalogy, 84: 
299–310.


