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Abstract

We measured the reproductive steroids testosterone and progesterone in free-ranging adult echidnas over several years. For
months other than June–August, the mean progesterone concentration was 0.18 § 0.12 ng ml¡1 (n D 14), and all blood samples taken
from active female echidnas in June–August had progesterone concentrations above 0.5 ng ml¡1. The highest progesterone value
measured was 13.4 ng ml¡1 in a pregnant female several days before egg-laying. For months other than June–August the mean testos-
terone concentration was 0.09 § 0.05 ng ml¡1 (n D 13). During June–August all active sexually mature males had testosterone concen-
trations in excess of 0.2 ng ml¡1 and were found in mating groups at some time during this period. The highest plasma testosterone
concentration measured was 4.62 ng ml¡1.
  2005 Elsevier Inc. All rights reserved.
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1. Introduction tremes is shelled, unlike that of other mammals (Ren-
Given the unique reproductive status of the mono-
tremes as egg-laying mammals, information on their
reproductive physiology is remarkably patchy. Mono-
treme oviparity is not simply a plesiomorphic retention
of a reptilian reproductive pattern, nor a variation on
that of birds. Nutrients for the developing bird embryo
come exclusively from the yolk, and yolk is the primary
source of nutrients for embryonic reptiles (Swain and
Jones, 2000). In monotremes, however, the contribu-
tion of the yolk is nearly negligible, and nourishment
for embryonic growth and diVerentiation is over-
whelmingly from the protein-rich secretions of the
uterine glands (Hill, 1933, 1941). The yolk-sac of mono-
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free and Shaw, 1999), but the shell is porous, and it is
probable that uptake of nutritive Xuid continues until
egg-laying (Hill, 1933; Oftedal, 2002). Uterine secre-
tions stored in the egg also provide the nutrition for
growth during the incubation period (Hill, 1941). Thus,
female monotremes have combined mammalian and
reptilian features of reproduction by integrating a uter-
ine luteal secretory phase into an otherwise fundamen-
tally sauropsid-like mode of reproduction (Gemmell,
1995).

Consistent with its role in other mammals and in rep-
tiles (Jones and Baxter, 1991), progesterone is likely to
have an important role in preparing the monotreme
uterus to receive the egg, particularly in pre-ovulatory
maturation of the uterine glands, and in maintaining
uterine secretions during gestation (Gemmell, 1995).
Large increases in plasma and faecal progesterone have
been observed in female platypuses during the breeding
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season (Jabukowski et al., 1998), but while Weld studies
such as this provide information about reproductive pat-
terns at the population level, there are no serial data
from individual females through pregnancy, and there is
no published information on progesterone in female
echidnas. There is a similar paucity of published infor-
mation on the hormonal control of reproduction in male
echidnas (Temple-Smith and Grant, 2001), although
large increases in plasma and faecal androgens have
been observed before and during the breeding season in
male platypuses (Handasyde et al., 1992; McFarlane and
Carrick, 1992; New et al., 1998).

Both platypuses and echidnas have long been known
to be seasonal breeders (GriYths, 1978), but the repro-
ductive cycle of echidnas is complicated by the fact that,
in all echidna populations studied to date, reproduction
appears to follow a reduction in activity, which may
range from a few days of torpor on Kangaroo Island
(Rismiller and McKelvey, 1996) to months of deep
hibernation in the Australian Alps and Tasmania (Beard
et al., 1992; Grigg et al., 1989; Nicol and Andersen, 1996,
2002). In an unpublished study, Dean (2000) demon-
strated an annual cycle in both plasma and faecal ste-
roids in free-ranging echidnas on Kangaroo Island.
Plasma testosterone concentrations of males ranged
from 1 to 5.7 ng ml¡1, with an annual peak in July. In
females, plasma progesterone values ranged from 0.2 to
6.9 ng ml¡1, but no female sampled was known to have
subsequently produced young. Faecal pregnanes, includ-
ing progesterone, were measured on a larger number of
animals, and showed a strong seasonal cycle, being
raised from June to October, with a peak in July. There
was no discernable seasonal change in faecal oestradiol,
although there was a signiWcant rise in oestrone in June–
July. Aspects of this work were duplicated in two much
less comprehensive studies of faecal steroid concentra-
tions in captive echidnas (Oates et al., 2002; Higgins
et al., 2004), but neither of these assessed plasma hor-
mone concentrations.

Tasmanian echidnas (Tachyglossus aculeatus setosus)
diVer from the Kangaroo Island echidnas (Tachyglossus
aculeatus multiaculeatus) studied by Dean (2000) not
only in their physical appearance (GriYths, 1989) but
also in aspects of their reproductive behaviour, and in
their use of hibernation. Kangaroo Island echidnas show
only short periods of torpor and inactivity before the
mating season and during the mating season they form
mating trains of up to 7 males that follow a female for
up to 5 weeks (Rismiller and McKelvey, 1996). In con-
trast, Tasmanian echidnas show a prolonged period of
deep hibernation (Nicol and Andersen, 2002), the timing
of which is closely linked to reproductive activity.
Reproductively mature male Tasmanian echidnas enter
hibernation around mid-February, with reproductively
mature females entering hibernation about a month later
(Nicol and Andersen, 2002). Reproductively mature
females may arouse from hibernation from mid-June
onwards, and mate soon afterwards, or may hibernate
through until October and not mate that year (Nicol and
Andersen, 2002). The majority of the males arouse from
hibernation signiWcantly earlier than the females; as
early as mid-May (Nicol and Andersen, 2002). To date
there is no published information on hormonal control
of reproductive seasonality of echidnas that show deep
hibernation.

The overall aim of the present study was thus to
investigate the seasonal variations in the major repro-
ductive steroids in free-ranging reproductively mature
male and female Tasmanian echidnas, Tachyglossus
aculeatus setosus. As well as providing this baseline
information, we aimed to answer several speciWc ques-
tions. Are there major diVerences in testosterone levels
between males during the mating season which may
reXect their degree of involvement in breeding activity
and which may be linked to breeding success? Are ele-
vated plasma progesterone levels in females a reliable
indicator of pregnancy? How soon after hibernation do
changes in reproductive hormones occur? Is there a drop
in progesterone preceding egg-laying?

2. Materials and methods

The study was carried out on a population of animals
on a grazing property (“Lovely Banks”) 50 km north of
Hobart, Tasmania. Since 1996 we have tagged 149 adult
echidnas (82 female, 67 males) in the approximately
12 km2 study area. Echidnas were initially captured by
hand and tagged with implantable microchips (Life
Chip, Destron Fearing) and 18 (8 male, 10 female) ani-
mals had radio transmitters glued to the spines on the
lower back to allow them to be relocated for repeated
blood sampling.

2.1. Reproductive status

Animals that were known to have been involved in
reproductive activity in previous years were selected
for inclusion in the study. Some other animals were
opportunistically sampled, however, the majority of
these were found in mating groups, and as echidnas are
normally solitary, aggregations of animals can be con-
sidered to be evidence of reproductive activity (Beard
and Grigg, 2000). On the basis of intensive, virtually
continuous, Weld observations of echidnas on Kanga-
roos Island, Rismiller and McKelvey (2000) described
four stages of male courtship, ranging from of stage 1,
with males close to the female, but with little physical
contact, to stage 4, which ends in copulation. Tasma-
nian echidnas often mate in logs, or underground,
when they cannot be observed. Because of this much
lower likelihood of observing much of the courtship
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behaviour we have simply recorded whether males were
in a mating group or not, and if they were observed
mating. For females, information on mating activity
and gestational state is important for the interpretation
of progesterone data. However, males may be attracted
to non-breeding females (Rismiller and McKelvey,
2000) and thus Wnding a female with one or more males
does not necessarily indicate she is reproductively
active. Ranked in increasing order of certainty we have
used the following indicators of pregnancy: found with
males; mating; pouch development and swollen mam-
mary glands; construction of a nursery burrow. While
the presence of an egg or a young in the pouch pro-
vided unequivocal evidence of pregnancy, a further
indicator of a successful pregnancy is available from
animals with an implanted body temperature logger:
females show a characteristic reduction in body tem-
perature variability when they are in the nursery bur-
row (Beard and Grigg, 2000; Nicol and Andersen,
2002), due to the reduction in activity (Nicol et al.,
2004).

2.2. Blood sampling

Blood samples were taken from the rostral sinus
under halothane or isoXurane anaesthesia. The majority
of samples were taken in the Weld within 1 h of capture,
but 14 samples from males and 10 from females were
taken from animals after they were brought into the lab-
oratory, in which case they were sampled within 24 h of
capture. Approximately 1 ml of blood was taken into a
plastic syringe that was then placed on ice. Blood sam-
ples were centrifuged and plasma stored at ¡20 °C until
analysis. Samples taken in 2000 were packed in dry ice
and transported to Brisbane for testosterone analysis by
Dr A. Bradley as described previously (Millis and Brad-
ley, 2001).

2.3. Radioimmunoassay of testosterone

Duplicate plasma samples (50 �l) were extracted
with 500 �l ethyl acetate (extraction eYciency 92%) and
400 �l aliquots of extract were assayed. Duplicate stan-
dards (0–800 pg/tube authentic testosterone in ethanol)
or sample extracts were dried down in tubes containing
approximately 5000 cpm, tritiated testosterone (Amer-
sham) in ethanol. The antiserum was Sirosera C-6050
(Bioquest) used at a Wnal dilution of 1:46,000 in phos-
gel (phosphate buVer, pH 7.6, with 1% gelatin). This
antiserum cross-reacts with androsten-3�, 17�-diol
(30%) and 5�-dihydrotestosterone (31%), other cross-
reactivities being negligible. Two hundred microliters
of antiserum was added to each tube (except non-spe-
ciWc binding tubes) and the assay was incubated at 4 °C
overnight. Bound and free fractions were separated
using dextran-coated charcoal (0.125%), and aliquots
of the supernatants were counted in a Beckman LS
5801 liquid scintillation counter. Assay results were
computed using logit-log modeling, and corrected for
sample volume and extraction eYciency. The sensitiv-
ity of the assay was 2 pg testosterone (t0.04 ng ml¡1

plasma). Assay accuracy and precision were monitored
by including in each assay replicates of three levels of
commercially available human control serum (CON 6,
DPC). Samples from 2001/2002 and 2003, respectively,
were assayed in single assays: for both assays the tes-
tosterone concentrations measured in the three con-
trols fell within the expected ranges and the intra-assay
variation was <4%.

2.4. Radioimmunoassay of progesterone

The assay procedure was similar to that for testos-
terone except that plasma samples (50 �l) were
extracted with 1 ml iso-octane (extraction eYciency
88–93%) and the entire extract was assayed. The anti-
serum was Sirosera C-9817 (Bioquest) used at a Wnal
dilution of 1:50,000 in phosgel. This antiserum cross-
reacts with 11�-hydroxyprogesterone (22%), other
cross-reactivities being negligible. The sensitivity of
the assay was 2 pg progesterone (t 0.04 ng ml¡1

plasma). Assay accuracy was again monitored using
commercially available human control sera (CON 6,
DPC), which fell within expected ranges. Samples from
2001/2002 and 2003, respectively, were assayed in sin-
gle assays.

3. Results

Sixty-eight blood samples were obtained from 30
individual male echidnas over the period March 2000 to
September 2003 (weight range 1.41– 4.83 kg) and 38 sam-
ples were taken from 17 individual females over the
period January 2002 to September 2003 (weight range
2.81–5.43 kg). Twenty-three animals (16 male, 7 female)
are represented by only 1 sample but only 10 samples (7
male, 3 female) were taken from animals that were seen
only once. Ten of the animals sampled (7 male, 3 female)
had Wrst been tagged in 1996, when we began work at the
study site, and 3 animals had been observed in the Weld
on more than 150 occasions. The maximum number of
samples taken from an individual was 10 from a male,
and 8 from a female.

Preliminary investigation of a range of samples from
female echidnas conWrmed that plasma oestradiol con-
centrations were less than 1 ng ml¡1, and virtually
unmeasurable, as had been found previously in platy-
puses (Carrick et al., 1975) and echidnas (Dean, 2000).
The highest values of both testosterone and progester-
one were measured in samples taken in June, July, and
August. Data are summarised in Figs. 1 and 3.
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3.1. Progesterone

For months other than June–August, the mean pro-
gesterone concentration was 0.18 § 0.12 ng ml¡1 (n D 14).
All blood samples taken from female echidnas in June–
August had progesterone concentrations above
0.5 ng ml¡1, except one from a female (5D5E) that was
still hibernating when sampled on June 17. At this time
she had a plasma progesterone of 0.18 ng ml¡1 virtually
identical to the concentration measured in April
(0.17 ng ml¡1) before she entered hibernation. She subse-
quently mated and produced a young, and while all
other female echidnas sampled during the period June–
August engaged in reproductive activity, we do not
know with certainty how many actually produced
young. One sample was taken from female 5D5E during
lactation approximately 6 weeks after egg-laying; by this
time her plasma progesterone had fallen to 0.03 ng ml¡1.
The highest progesterone value measured was
13.4 ng ml¡1 in a pregnant female (006F) for which we
have a sequence of six measurements from 25 June to 15
July 2002 (Fig. 2). This female had been radio-tracked
since February 1997, and had not had a young in this
time. Her body temperature record from an implanted
data logger shows she aroused from hibernation on June
25, reaching normal Tb (30 °C) at about 04:00. Ten hours
later we found her dug into the soil with a male, and then
on July 1 she was found in a diVerent location dug in
with the same male, as well as two others. On July 4, she
was observed being followed by a fourth male, and on
July 9 she was found in a hollow log with a Wfth, but on
July 11 and 12 she was alone. By July 15, when the last
blood sample was taken she had a swollen pouch, and
then on July 23 she had an egg in the pouch. Her body
temperature record shows a decline in variability start-
ing on July 17, suggesting egg-laying occurred on that
date, or shortly after.

Fig. 1. Plasma progesterone concentrations of free-ranging female
echidnas over two years. Shaded symbols indicate individual animals
for which several samples were taken, lines join serial samples taken
within a few days of each other.
3.2. Testosterone

For months other than June–August, the mean tes-
tosterone concentration was 0.09 § 0.05 ng ml¡1 (n D 13).
The highest plasma testosterone concentration measured
was 4.62 ng ml¡1. During June–August all active males
except one had testosterone concentrations in excess of
0.2 ng ml¡1 and were found in mating groups at some
time during this period. The exception was a young male
that had been classiWed as a juvenile 2 years previously,
and which had a maximum testosterone of 0.1 ng ml¡1.
This echidna was not observed to be involved in any
mating activity, although he was found in a mating

Fig. 2. Plasma progesterone concentrations of a female echidna (006F)
from mating until shortly before egg-laying (shaded circles), and tes-
tosterone concentrations of 5 males found with her (open symbols).
On July 22 she was found to have an egg in her pouch. The horizontal
arrow indicates possible timing of mating estimated for a gestation
period of 21–23 days. Top panel shows body temperature recorded
with an implanted data logger. The decreased variability in Tb on July
17 suggests that egg-laying occurred on that day, in which case mating
have occured within one day of arousal from hibernation.

Fig. 3. Plasma testosterone concentrations of free-ranging male echid-
nas over four years. Shaded symbols indicate individual animals for
which several samples were taken; lines join serial samples taken
within a few days of each other.
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group the following year. Rismiller and McKelvey
(2003) suggest that echidnas do not reach reproductive
maturity until they are at least 5 years old, and this male
could be classiWed as a sub-adult at the time of sampling.

Testosterone values from four hibernating males
ranged from 0.07 to 0.55 ng ml¡1. There was no obvious
relationship with time of year but the lowest values were
from animals with the lowest body temperatures (Spear-
man rank correlation D 0.76, P < 0.05).

4. Discussion

These data demonstrate the strong seasonality of
reproductive activity of echidnas and are consistent with
plasma concentrations of echidna reproductive hor-
mones measured by Dean (2000). Although her basal
testosterone values (1 ng ml¡1) were higher than those
obtained in the current study, peak values were similar.
Basal progesterone values were similar, but Dean (2000)
did not obtain any samples from animals known to be
pregnant, and her peak values are much lower. Plasma
concentrations of progesterone and testosterone in
echidnas appear to be about half of those measured in
platypus (Handasyde et al., 1992; Jabukowski et al.,
1998; McFarlane and Carrick, 1992; New et al., 1998).

4.1. Testosterone and reproductive behaviour of male 
Tasmanian echidnas

Our data show the strong linkage between breeding
behaviour and testosterone: all animals found in mating
groups had signiWcantly raised plasma testosterone con-
centrations. These values are generally lower than those
measured by Dean (2000) in males in trains
(3.7 § 1.2 ng ml¡1, n D 13), but this could reXect a behav-
ioural diVerence between sub-species. Tasmanian male
echidnas do not spend as long in trains as Kangaroo
Island males. However, one of the males for which we
have detailed information (0000, hexagon symbols in
Fig. 3) was observed in Wve diVerent mating groups (or
pairs) in 2003 over a period of 6 weeks, each at a diVer-
ent location within his home range, but the maximum
testosterone concentration measured was only
1.7 ng ml¡1. Testosterone concentration may reXect the
amount of prolonged inter-male competition: Dean
(2000) found lower levels of plasma testosterone when
fewer males were found in trains. While males with the
highest testosterone may be the most successful in inter-
male agonistic encounters (Dean, 2000) any suggestions
about a relationship between testosterone concentra-
tions and paternity need to be conWrmed by genetic test-
ing. Although Rismiller and McKelvey (2000) claim that
females mate with the dominant male in a train, and
mate only once, even in apparently monogamous pair
bonded species of birds and mammals molecular tech-
niques have demonstrated that surreptitious matings are
much more common than was previously assumed (Flei-
scher, 1996).

5. Progesterone and pregnancy

Although all active female echidnas sampled in the
period June–August had progesterone concentrations
above the basal range (0.17 § 0.11 ng ml¡1) the highest
values were measured in females presumed to be preg-
nant, either because they were known to have later pro-
duced an egg, or because they had a swollen pouch when
sampled. The highest value (13.4 nmol ml¡1) was the last
of the series of measurements made on a pregnant
female before she laid her egg (Fig. 2). As the gestation
period is 21–23 days (Rismiller and McKelvey, 2000),
and she aroused from hibernation on June 25, fertiliza-
tion of this female must have occurred between June 25
and July 2. Jabukowski et al. (1998) have suggested that
in platypus a pre-ovulatory progesterone surge could
play an essential role in development of the ovarian folli-
cle and trigger the pre-ovulatory LH surge, and it is pos-
sible that the rise in progesterone observed on July 1 in
Fig. 2 was pre-ovulatory, as also occurs in some vivipa-
rous reptiles (Jones and Baxter, 1991). However, if egg-
laying occurred on July 17 as the Tb record suggests, and
if the gestation period is 21–23 days, fertilisation would
have occurred before this. The major rise in progester-
one is presumably associated with the development of
the corpus luteum. Although Hill and Gatenby (1926)
claimed that the regression of the monotreme corpus lut-
eum begins well before the egg is laid, this seems unlikely
as our last blood sample was probably taken only 1–2
days before egg-laying, and Hughes and Carrick (1978)
found normal corpora lutea in a full-term platypus. We
do not have any data from females with an egg in the
pouch, and so we do not know how rapidly plasma pro-
gesterone declines after egg-laying. We obtained one
sample from a lactating female 37 days after the esti-
mated date of egg-laying, and this animal had a proges-
terone concentration of 0.03 ng ml¡1, within the basal
range.

5.1. Hibernation and the timing of reproductive activity

Testosterone concentrations are at their highest in
June–July and progesterone highest in July–August.
From our data and the data of Dean (2000), the high-
est levels of testosterone appear to occur when male
echidnas are in mating groups. Testosterone concen-
trations are basal during late hibernation, and one
likely reason why males arouse from hibernation
before females (Nicol and Andersen, 2002) is that sev-
eral weeks of euthermia are required for testicular
growth and spermatogenesis, as is the case for ground
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squirrels (Barnes, 1996). How much testicular growth
occurs before entry into hibernation is not clear;
GriYths (1978) reports that adult echidnas collected in
southeast Australia had the lowest testes weights from
October to March, but large testes and spermiogenesis
were observed in some animals collected in April and
May, and in most animals collected in July, August,
and September. However, at that time very little infor-
mation was available on the occurrence of hibernation
in free-living echidnas, and it not known whether those
males showing spermiogenesis in April and May had
hibernated. The minimum time we have observed
between arousal from hibernation and male reproduc-
tive activity is about 3 weeks, as judged by a recording
of activity from a logger attached to an animal (Nicol
et al., 2004). By contrast, females may mate within days
of the Wnal arousal from hibernation Figs. 2 and 4, and
inter-male competition would be expected to strongly
select for early male arousal from hibernation.

6. Conclusions

We now have data on the seasonal variations in pro-
gesterone (Fig. 1) and testosterone (Fig. 3) in an echidna
population, and have established a clear correlation
between high testosterone and the period of male mat-
ing behaviour. We have also shown high progesterone
to be correlated with pregnancy. High progesterone lev-
els were also noted to be correlated with a swollen

Fig. 4. Body temperature of a female echidna (5D5E) recorded with an
implanted data logger. The recording shows that her Wnal arousal
from hibernation was mid-morning on July 15, 1999. On July 17 (indi-
cated by arrow 3) she was in a hollow tree stump with another echidna.
On July 27 she had developed a pouch, and on August 18 (indicated by
arrow 1) she had both egg shell and a young in the pouch, indicating
the young had been very recently hatched. Assuming 10.5 days for
incubation of the egg, it would have been laid at the time indicated by
arrow 2, and assuming a 21–23 day gestation period, mating must have
occurred in the shaded period, i.e., within no more than 2.5 days of the
arousal from hibernation. Note the reduction in variability of Tb

between arrows 1 and 2, when the mother was in the nursery burrow
incubating the egg. Redrawn from Nicol and Andersen (2002).
pouch, and probably with the construction of a nursery
burrow. The variation between individuals in the times
at which they enter and arouse from hibernation, and
the very signiWcant variation an individual echidna may
show on consecutive years (Nicol and Andersen, 2002),
means that a clear understanding of the relationship
between hibernation and reproduction, and the hor-
monal control of reproduction will require more longi-
tudinal studies on individual animals. Because echidnas
do not hibernate normally in captivity (Nicol and
Andersen, 1993), and have only on very few occasions
been known to reproduce in captivity (Rismiller, 1999)
this work must be carried out on echidnas in the wild.
However, echidnas are small, (adult weight range 2–
5 kg), cryptic, semi-fossorial, and largely nocturnal
(Nicol et al., 2004). They are also a fully protected spe-
cies. Individuals can only be sampled sequentially by
radio tracking, and even when located, they are often in
inaccessible locations. This means that considerable
time and eVort will be required to obtain a more com-
plete understanding of the time course of the hormonal
control of reproductive activity of echidnas, and to
establish whether there really is a pre-ovulatory rise in
progesterone, how plasma progesterone changes imme-
diately before and after birth, and the hormonal corre-
lates of spermatogenesis.
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