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ABSTRACT

Context. Most of our current knowledge regarding echidna reproductive behaviour is based on
qualitative measurements; therefore, it is unclear if specific behavioural cues could be utilised in
their captive reproductive management. Aims. This study aimed to identify quantitative changes
in general and reproductive behaviour of echidna breeding pairs and pregnant females that might
facilitate the detection of oestrus and impending oviposition and provide a summary of
reproductive behaviour observed in a captive colony over a three-year observation period.
Methods. Three echidna breeding pairs and two trios were were monitored daily for seven
reproductive and eight general behaviours during the 2020 breeding season. After confirmed
copulation, females were monitored for four egg-laying and eight general behaviours until egg
incubation. General observations of reproductive behaviours during the 2018-2020 breeding
seasons were recorded as part of routine husbandry. Key results. For breeding pairs, there
was a significant rate of change over time before and after copulation for the behaviours
‘urogenital sniffing’, ‘rolling’ and ‘copulation attempt’. For pregnant females, time engaged in
‘pacing’ significantly increased while ‘time eating’ and the ‘qauntity of food eaten’ significanlty
decreased on the day of oviposition. We were not able to identify oestrus from specific
behaviours, but our observations suggest that the female echidna’s period of receptivity is less
than 24 h. Conclusions. The frequency that males express ‘urogenital sniffing’, ‘rolling’ and
‘copulation attempt’ toward the female can be used to alert zookeepers that copulation has
likely occurred. Increased pacing, reduced feeding time and quantity of food eaten can aid
zookeepers to identify impending oviposition. Implications. This study demonstrates that there
are quantifiable changes in specific echidna behaviours that can be incorporated into zoo
husbandry practices to improve the reproductive management of this species.

Keywords: captive breeding, captive management, egg laying behaviour, oestrus detection,
oviposition behaviour, reproductive behaviour, short-beaked echidna, Tachyglossidae.

Introduction

The short-beaked echidna has been housed in zoological institutions for over 100 years
(Wallage et al. 2015). Despite their least concern status on the IUCN Redlist (Aplin et al.
2016), echidnas have been notoriously difficult to breed in captivity (Wallage et al.
2015). Nevertheless, the success of captive echidna breeding programs has been steadily
increasing over the past decade, with Perth Zoo reporting up to 10 echidna births since
2007 (Ferguson and Turner 2013; Perry et al. 2019), Currumbin Wildlife Sanctuary
(CWS) reporting 13 births between 2011 and 2014 (Wallage et al. 2015) and Taronga
Zoo having four born between 2016 and 2018 (Perry et al. 2019). This success can most
likely be attributed to progress in our understanding of captive echidna reproductive
behaviour, resulting in improved husbandry practices such as the provision of increased
nutrition prior to the breeding season and the provision of burrow boxes that may
facilitate energy conservation (Ferguson and Turner 2013; Wallage et al. 2015).
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Echidna behaviours associated with courtship, copulation
and oviposition have been described from opportunistic wild
encounters and captive based observations. During courtship,
echidnas have been shown to form mating ‘trains’ in which
one or more males follow a single female (Rismiller and
McKelvey 2000; Ferguson and Turner 2013; Wallage et al.
2015). Other courtship behaviours include males probing
the female’s urogenital region with their beak, pawing at
the female’s flanks and tail and rolling on their side at the
female’s caudal region (Wallage et al. 2015). At the time of
copulation, the male curls around the female, positioning
his urogenital region underneath her, allowing penetration
with the penis (Wallage et al. 2015). This position is held,
and the male may be observed thrusting for between 20
and 180 min (Rismiller and Seymour 1991; Wallage et al.
2015). During gestation females have been observed to roll
on their side or back and probe their pouch and cloaca with
their break (Ferguson and Turner 2013). At oviposition,
females roll up into a ball-like position, extend the cloaca,
and directly deposit the egg into their pouch (Griffiths
1978; Rismiller and McKelvey 2000). During incubation,
females typically remain inactive and forego food (Wallage
et al. 2015). Despite these observations, many aspects of
echidna reproductive behaviour are based on opportunistic
observations and remain essentially qualitative in nature.

Oestrus in the female echidna remains elusive, at least to
human observers, due to a lack of overt behavioural cues
and the difficulty of detecting biologically meaningful changes
in plasma oestrogen (Dutton-Regester et al. 2021) and/or
faecal oestrogen metabolites (Dutton-Regester et al. submitted
to General and Comparative Endocrinology). It is possible
that female echidnas undergo a ‘silent’ behavioural oestrus,
communicaingt their receptivity by means of chemical signals
(i.e. pheromones). This phenomenon has been observed in a
wide variety of species (Blissitt et al. 1990; Ziegler et al.
1993; Swaisgood et al. 2002). Indeed, Rismiller (1992) has
demonstrated that female echidnas emit a chemical signal
during the breeding season that attracts male echidnas.

Oestrus signalling pheromones can induce behavioural
changes in the male (Gomez-Diaz and Benton 2013);
therefore, it may be possible to observe changes in male
echidna behaviour that are reflective of female’s sexual
receptivity. If readily discernible specific male behaviours
are increased in response to oestrus cues from the female,
behavioural observation of the male may have the potential
to be used as a non-invasive method for identifying oestrus
in captive female echidnas.

Once the female has ovulated and the influence of
presumed systemic oestradiol on behaviour has abated,
progesterone secreted by the corpus luteum associated with
the luteal phase of pregnancy increases (Dutton-Regester
et al. 2021), heralding the possibility of further changes in
behaviour. In the case of the monotremes, gestation
terminates in oviposition (egg laying). An ability to closely
monitor or predict egg laying using peri-ovipositional

behaviours is likely to be helpful in the reproductive
management of this species.

The captive breeding facility at CWS (Dutton-Regester
et al. 2021) has provided a valuable opportunity to closely
study the reproductive behaviour of echidnas. In an attempt
to elucidate behavioural cues that could be used in the repro-
ductive management of captive echidnas, this study aimed to
identify quantitative changes in general and reproductive
behaviour of breeding pairs and pregnant females that
might facilitate the detection of females in oestrus, and
predict impending oviposition, respectively. We also provide
a summary of the reproductive behaviour observed in the
CWS colony over a 3-year observation period.

Methods

Animals and husbandry

The qualitative behavioural study was conducted during
June-September 2020 and included seven multiparous
female (referred to as F1, F2, etc) and six sexually mature
male captive echidnas (Tachyglossus aculeatus aculeatus).
These echidnas were a combination of captive and long
term wild-caught animals; their precise ages were unknown,
but they had been in captivity for a minimum of 15 years. The
average weight of both male and female echidnas was 4.5 kg
(range: 3.5-6.1 kg, males; 3.5-6.4 kg, females). All echidnas
were housed and managed at CWS (28.1356°S, 153.4886°E),
Gold Coast, Australia, in a purpose-built breeding centre (see
Wallage et al. 2015 for details). Prior to the breeding season,
when pregnant or when incubating eggs, female echidnas
were individually housed; however, in some cases during
the 2019 and 2020 seasons, it was necessary to pair
females due to space limitations at CWS. When not housed
with females, males were group housed in a separate
off-exhibit enclosure (6 m x 3 m). All echidnas were
maintained on a beef mince-based diet (Jackson 2003).
From November to March, all echidnas were provided with
100 g of feed per animal daily; from April to October, the
female portion of the diet was supplemented with fly pupae
and olive oil and increased to 150 g per animal daily.

Behavioural observations

Behaviour was recorded with the aid of an infrared motion-
detecting surveillance camera (Sony CCD infrared camera,
#KTC-79C 4.3-mm lens, Tokyo, Japan) that was installed in
the general enclosure and a KOBI CCD infrared dome
camera (#K-57HCD 4.3-mm fixed lens, Gold Coast, Australia)
mounted within each burrow box (Wallage et al. 2015).
Throughout the breeding season cameras recorded continu-
ously to a DVR (KOBI H.264 DVR, Gold Coast, Australia),
which allowed direct viewing or downloading to an external
hard drive. To differentiate between male and female
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Fig. I. Example of the ‘flag’ placed around a single quill on the dorsal/
caudal region of male echidnas for identification purposes.

echidnas when reviewing video footage, a ‘flag’ was created
by wrapping reflective safety tape (3M Scotchlite) around a
single quill on the dorsal/caudal region of male echidnas
(Fig. 1). If two females were present in the same enclosure,
a ‘flag’ was placed on both sides of the dorsal/caudal region
of one female.

Study la: observations of breeding pairs

An ethogram was developed based on previous observations
of wild (Beard and Grigg 2000; Rismiller and McKelvey 2000)
and captive echidnas (Ferguson and Turner 2013; Wallage
et al. 2015; Table 1). A male was introduced to each female
(three singly housed and two pairs) enclosure on June 22.
The duration (accuracy + 1 min) and frequency of seven
mutually exclusive reproduction and mating behaviours and
eight mutually exclusive general behaviours were analysed
retrospectively over a 24-h period (10:00-09:59 h) using
continuous focal sampling methods, with behaviours observed
being manually recorded by the same observer (KDR). The
surveillance system enabled the observer to rewind (e.g. when
two echidnas were engaging in independent behaviours) or fast
forward (neither echidna active) the video if necessary. Males
were removed after they demonstrated loss of interest in the
female for four or more consecutive days following a
confirmed copulation or when a female started incubation.
Incubation was assumed to have started when the female
was inactive overnight (Wallage et al. 2015).
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Study |b: observations of female echidnas post
copulation

After removal of the male from study 1a, female behaviour
was intensively monitored until the female started
incubation. Behaviour during incubation was monitored
and recorded, but not to the same intensity (general
observations and notes were made in a dedicated echidna
obserbations diary rather than using continuous focal
sampling). An ethogram was developed based on previous
observations of wild (Beard and Grigg 2000; Rismiller and
McKelvey 2000) and captive echidnas (Ferguson and
Turner 2013; Table 1). The duration (accuracy + 1 min)
and frequency (number) of four mutually exclusive egg
laying behaviours and eight mutually exclusive general
behaviours were analysed retrospectively as described for
study 1. Pouch young were collected for a parallel study at
various stages of development (in progress) and after
removal of egg or pouch young, a new male was introduced
immediately, and observations continued as per study 1.

Study 2: opportunistic observations of
reproductive behaviour

We collated general observations of reproductive behaviours
over a 3-year observation period (2018-2020), which
involved an additional female echidna (8 in total). Video
recordings were viewed by zookeepers and the first author
as part of routine daily echidna husbandry during the 2018
and 2019 breeding seasons, but not to the same intensity as
that described in Study la and b (general observations and
notes were made in a dedicated echidna obserbations diary
rather than using continuous focal sampling).

Statistical analysis

So that we could quantify behaviour in the 24 h period
leading up to copulation/oviposition (i.e. day of copulation/
oviposition), and the 6 days before and 6 days after,
we defined a day according to the timing of copulation/
oviposition, not per calendar day. For example, if a pair con-
cluded copulation at 22:00 h on a Tuesday, day of copulation/
oviposition included behaviour data collected between
21:59 h Monday and 22:00 h Tuesday. For each behaviour,
observations made over each 24 h period were aggregated to
determine the total duration/frequency for each day.

In study 1a, two linear regression models were conducted
for each animal for each behaviour. The first model (‘before”)
included the 6 days before and the day of confirmed
copulation, while the second model (‘after’) included the
day of and 6 days after confirmed copulation. The slope
(‘m’) values from each linear regression were then used as
the response variable in a mixed effects model with animal
as a random effect, and before/after presumed oestrus as
the fixed effect. Residual plots were used to test data sets
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Table I. Ethogram of short-beaked echidna behaviours.

Reproductive behaviour Sampling type

Description of behaviour

Courtship and mating behaviours

Male digs sand at caudal region of female.

Male rolls on his side at caudal region of female.

Male positions himself at the female’s caudal extremity, lifting her tail.
The male curls himself around the female forming a ‘C’ shape. Position is held for 20 and 180 min.
Thrusting may be observed during this period.

Male attempts to mate with female but holds position <19 min.

Female scratches herself with paws or beak.

Male investigates or searches for both edible and inedible objects within the enclosure.

Female investigates or searches for both edible and inedible objects within the enclosure.

Consumption of food provided by keepers.
Male sitting or laying still in enclosure or burrow box, not engaged in any activity. Includes sleeping.
Female sitting or laying still in enclosure or nest box, not engaged in any activity. Includes sleeping.

Male out of view (not visible by camera or in log or under browse).

Digging Freq
Urogenital sniffing Freq Male sniffs female urogenital region.
Training Dur Male follows female.
Pawing Freq Male paws at female flanks and tail.
Rolling Freq
Confirmed mating Freq + Dur
Mating attempt Freq
Egg laying behaviours
Sitting Freq Female sits on hind legs.
Pouch probe Freq Female uses snout to touch pouch area.
Grooming Freq
Roll Freq Female rolls on side.
General behaviours
Exploring/foraging, male Dur
Exploring/foraging, female Dur
Pacing, male Dur Male paces long lengths of enclosure.
Pacing, female Dur Female paces long lengths of enclosure.
Eating Freq
Inactive, male Dur
Inactive, female Dur
Out of view, male Dur
Out of view, female Dur

Female out of view (not visible by camera or in log or under browse).

Freq = frequency of behaviour recorded; Dur = duration of behaviour is recorded, i.e. start and stop times.

for normal distribution. For significant behaviours, a one-way
ANOVA followed by a Tukey’s multiple comparisons test was
used to test the difference between the duration/frequency on
the day of confirmed copulation against the mean of the days
before and the mean of the days after confirmed copulation.

In study 1b, a mixed effects model was conducted for each
behaviour (excluding ‘quantity of food eaten’) to compare
the mean value of the 6 days before oviposition against the
value on the day of oviposition. The model was otherwise
run and tested as for the previous mixed effects model.
For ‘quantity of food eaten’, an ordinal logistic regression
model was conducted. Significance levels for all tests were
set at P < 0.05. All statistical tests were carried out using
the statistical program Minitab (Ver. 21.1.0, 2020).

Ethics statement

This study was approved by the University of Queensland
Animal Ethics Committee (SAFS/334/17). Wild short-
beaked echidnas were obtained and maintained under the

Queensland Government EPA scientific purposes permit
(WISP153546614).

Results

Study la: observations of breeding pairs

While data collection included seven females, three were later
assumed to be acyclic as there was no evidence of cyclicity.
Although two pregnancy cycles were recorded for F1,
confirmed copulation occurred on the first day of male entry
so that no data prior to this was available. Therefore, six
cycles from four breeding pairs were available for this analysis.

The behaviours ‘urogenital sniffing’, ‘copulatory attempt’,
‘rolling’, ‘digging’, ‘training’, ‘female time active’, ‘male time
active’, and ‘female exploring/foraging’ showed a positive
rate of change over time before copulation, and negative
rate of change over time after copulation. Of these behaviours,
regression coefficients for ‘urogenital sniffing’ (mean
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Table 2. Results of mixed effects model for mating behaviours when male and female echidnas paired.

Mating behaviour Mean, before Mean, after Standard error of the P-value
mean difference
Training 15.34 —48.37 36.50 0.157
Active, female 11.77 —56.48 31.88 0.078
Active, male 12.17 —22.40 22.46 0.186
Exploring/foraging, female 13.66 —32.58 22.29 0.087
Exploring/foraging, male —-0.98 9.0 22.97 0.7
Pacing, F —14.70 15.23 26.16 0.32
Pacing, male 0.545 12.85 24.17 0.625
Urogenital sniffing 2.62 —-4.22 1.70 0.007*
Mating attempt 0.27 —1.14 0.40 0.022*
Male rolling beside female 5.95 —-5.40 4.60 0.048*
Male digging at female caudal region 1.25 —0.68 0.87 0.104
*Significant.

Table 3. Frequency of copulatory attempts, rolling and urogenital sniffing before, after and on the day of confirmed copulation.

Female ID Mean before day of confirmed Range Mean after day of confirmed Range No. day of confirmed
(cycle no.) copulation (s.e.m.) copulation (s.e.m.) copulation

Copulatory attempts

FI (2) 3.5 (0.81) 0,6 0.67 (0.67) 0,2 6

F2 (1) 6.3 (1.45) 4,9 0.25 (0.25) 0, I 8

F2 (2) 0.7 (1.67) 0,7 0 0 7

F3 (1) 0.5 (0.34) 0,2 0 0 0

F3 (2) 0.5 (0.34) 0,2 0.25 (0.25) 0,1 4

F4 (1) 1.2 (0.49) 0,2 0 0 0
Overall 2.1 (0.96) 0,9 0.195 (0.107) 0,2 4.17 (1.42)
Rolling

FI (2) 29.8 (5.45) 0,47 6.3 (0.88) 0, 14 54

F2 (1) 20.67 (4.67) 6,44 3.25 (1.93) 1,9 22

F2 (2) 40.0 (14.15) 9,97 11.8 (4.51) 0,27 112

F3 (1) 10.0 (7.15) 1, 45 0.67 (0.67) 0, 4 68

F3 (2) 5.67 (0.92) 4,8 6.75 (5.22) 0,22 29

F4 (1) 3 (3.0) 0,15 0.33 (0.33) 0, I 0
Overall 18.19 (5.97) 0,97 4.85 (1.77) 0,27 47.5 (16.20)
Urogenital sniffing

FI (2) 25 (7.67) 3,43 2.3 (4.10) I, 4 36

F2 (1) 3.67 (2.08) 2,6 1.33 (1.47) 0,5 5

F2 (2) 15.5 (4.96) 519 10.4 (5.78) I, 6 I

F3 (1) 3.67 (0.67) 2,9 1.33 (0.80) 0,7 15

F3 (2) 13.3 (2.33) 0,34 2.75 (1.18) I, 6 33

F4 (1) 0.4 (0.4) 0,2 0 0 0
Overall 10.57 (3.76) 0, 43 3.30 (1.49) 0,33 16.67 (6.03)

Fig. 2b) were significant (Table 2). However, there was the female (Table 3). For example, on the day of confirmed
considerable inter- and intra- male variability in the  copulation, M4 exhibited ‘rolling’ towards F2 and F3 (cycle 2)
frequency that these behaviours were expressed towards a maximum of 112 and 29 times, respectively.
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For ‘copulatory attempt’ and ‘rolling’, the highest
expressions were observed on the day of confirmed
copulation in four of six pairings (F1/M1, F2/M3, F3/M4
and F3/M3), but only for a single pairing (F2/M2) for
the behaviour ‘urogenital sniffing’ (Table 3). For these
behaviours, the mean frequency of the 6 days before
confirmed copulation was not significantly different to the
frequency on the day of confirmed copulation. However,
after confirmed copulation there was a significant decline
in the frequency of ‘copulatory attempt’ (mean + s.e.m.:
0.20 + 0.02, P = 0.032), and ‘rolling’ (mean + s.e.m.:
4.85 + 1.77, P = 0.023) but not ‘urogenital sniffing’
(mean + s.e.m.: 3.3 + 1.49, P = 0.094) (Table 3).

The behaviours ‘exploring/foraging male’ and ‘pacing
female’ showed a negative rate of change over time before
copulation, and a positive rate of change over time after
copulation, while ‘pacing male’ showed a positive rate of
change both before and after copulation; however, none of
these changes in behaviour were significant (Table 3).

Study |b: observations of female behaviour post
copulation

While oviposition was observed on six occasions (from four
females), that of F4 could not be included in the data
analysis as the male was not removed until the day before
oviposition, resulting in inadequate data for meaningful
analysis. Consequently, five egg laying events were available
from three females. Time engaged in the behaviours ‘pacing’,
and ‘time active’, and frequency of the behaviour ‘grooming’,
increased on the day of oviposition; however, only
‘pacing’ was significant (regression coefficients, mean before
oviposition: 220.61, oviposition day: 99.97, s.e.m.: + 65.65,
P = 0.033; Table 4, Fig. 3a). There was a high level of
inter-cycle variation with the time spent ‘pacing’ on the day
of oviposition ranging from 7 to 390 min. There was also
significant intra- animal cycle variation; for example, the
time engaged in ‘pacing’ on the day of oviposition for cycle
1 and 2 of F2 was 214 and 7 min, respectively (Table 5).
Time engaged in the behaviours ‘exploring/foraging’,
‘time eating’, the ‘frequency of eating’, and ‘quantity of

Table 4. Results of mixed effects model for egg laying behaviours.

Egg laying Mean, before Mean, day of s.e.m. P-value
behaviour egg laying egg laying

Pacing 99.97 220.61 65.6 0.033*
Active 216.90 307.72 61.0 0.323
Time eating 33.66 8.88 4.53 0.006*
Exploring/foraging 156.33 39.63 64.2 0.172
Out of view 29.69 15.19 18.8 0.342
Grooming 4.03 16.4 7.8l 0.295

*Significant.
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food eaten’, decreased on the day of oviposition. Of these
behaviours, ‘time eating’ (regression coefficients, mean
before oviposition: 33.66, oviposition day: 8.88, P = 0.006),
and ‘quantity of food eaten’ (P = <0.001) were significant
(Fig. 3b, c). Similar to ‘pacing’, there was a high level of
inter-cycle variation for both of these behaviours. While
time spent eating on the day of egg laying was reduced in
four of five cycles, F3 (cycle 1) increased her eating time
two-fold. Regarding ‘quantity of food eaten’, no food was
consumed in the 24 h prior to oviposition for F1 (cycles 1
and 2) and F2 (cycle 1) and both animals reduced
their intake 3 and 1 days before oviposition, respectively.
However, F2 (cycle 2) and F3 (cycle 1) consumed all food
in the days leading up to oviposition but only ate half of it
on the day of oviposition.

Study 2: general descriptive observations of
echidna reproductive behaviour (2018-2020)

Sequence of courtship and mating behaviours

Fig. 4 illustrates the general sequence of breeding
behaviour displayed by captive male and female echidnas
in the CWS breeding colony. Once the male enters the
enclosure, short bouts of ‘training’ (following) behaviour
begin in addition to frequent urogenital sniffing. At this stage,
the female uses avoidance strategies such as termination of
the encounter by walking away when approached by the
male (see Supplementary material video file ‘training, urogen-
ital sniffing and avoidance’). Subsequently, this progresses to
more intense training behaviour which continues over several
hours to several days and is intermitted by the male regularly
digging at the base of the female’s caudal region (see
Supplementary material video file ‘digging’) and rolling on
his side in an attempt to copulate with her (see Supplementary
material video file ‘rolling’); if the female is not receptive, she
continues to demonstrate avoidance behaviours.

Receptive females were observed to remain stationary
(assumed to be standing oestrus), allowing the male to
approach (see Supplementary material video file ‘standing
oestrus’). Although rarely observed, on two separate
occasions, two females were also observed to back their
rump into a male’s beak (see Supplementary material video
file ‘rump presentation’). One female demonstrated this
behaviour several times over a 15 h period (on day 1 of
male entry) during which four confirmed copulations,
ranging from 50-59 min, and several short mating attempts
of less than 10 min were observed. The second female was
observed to back her rump into the male’s beak once
during a 9 h courtship period; during the first half of
this courtship period, 10 successive mating attempts (all
<5 min) occurred. The female was observed to lift her tail
on the 10th mating attempt and 5 min later she was
backing her rump into the male’s beak; this was followed
by a brief mating attempt (<2 min). The male subsequently
appeared to rest/sleep but was aroused by the female 6 min
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Table 5. Duration of pacing and time eating before and on the day of
oviposition.
Female ID Mean before day of Range No. day of
(cycle no.) confirmed copulation confirmed
(s.e.m.) copulation
Pacing
FI (1) 115 (25.05) 70-193 233
Fl (2) 83.4 (49.04) 0-243 277
F2 (1) 0.5 (0.29 0-1 214
F2 (2) 32.2 (14.92) 1-80 7
F3 (1) 137.8 (47.86) 16-351 390
Overall 80.4 (30.12) 224.2 (62.30)
Time eating
FI (1) 41.8 (6.60) 12-56 0
FI (2) 27.3 (3.28) 17-34 |
F2 (1) 15.5 (1.94) 12-21 13
F2 (2) 31.8(1.32) 28-36 12
F3 (1) 22 (1.29) 16-24 45
Overall 27.68 (4.46) 14.2 (8.16)
Light training and
urogenital sniffing
Avoidance
behaviour
Intense training and
rolling/digging
Confirmed Femqle
. receptive
copulation
to male
e i e
2 days behaviour
Independent
activity
Fig. 4. Flow chart demonstrating the general sequence of breeding

behaviour displayed by captive male and female echidnas in the CWS
breeding colony.
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later, and a further 10 successive mating attempts (all
<10 min) were observed. The male trained and attempted
to mate with the female for a further 16 days, however, the
female demonstrated avoidance behaviour as she had done
in the 7 days prior to this described courtship period.

Once the female appeared receptive to the male, the male
used his beak to probe the female’s urogenital region and then
dig the substrate around this area before rolling on his side
adjacent to her caudal region, forming a ‘C’ shaped lateral
posture around her rump. The male’s forelimbs appear to
place pressure on the female as if to hold her down, while
his hindlimbs appeared to guide her tail upward. Once the
female’s tail had been raised, the male penetrated his
presumably erect penis (not visible) into the female’s
urogenital sinus and began thrusting. The male’s thrusting
was intermittent, with pauses of 1-18 min (with thrusting
bouts ranging from 7-45 min), and the speed and intensity
of the thrusting frequently alternated from fast and vigorous
to a slower, less vigorous pace. Copulation was terminated
when the male withdrew his penis from the female’s
urogenital sinus. During copulation, the female remained
standing with her tail raised and did not demonstrate any
resistance to the male’s advance (see Supplementary material
video file ‘copulation’). After successful copulation, the male
generally continued intense courtship behaviour for around
2 days and the female subsequently resumed her avoidance
strategies. After this, both echidnas engaged in independent
activity.

Timing, duration and location of courtship and
mating behaviours

When male echidnas were housed with one female,
courtship behaviour typically began immediately or within
6 h of male entry (in 94% of 34 echidna pairs) but was also
observed up to 12 days later. Courtship continued for
mean + s.em.. 10.7 + 1.9 days (range: 0-26 days) and

terminated within mean + s.em.: 2.4 + 0.3 days (range:
1-3 days) after final observation of copulation (n = 18). In
the 34 24 h periods in which confirmed copulations
(n = 44) were recorded, typically a single confirmed
copulation was observed (n = 29, 85%). However, two
(n = 3, 6.8%), three (n = 1, 2.3%) and six (n = 1, 2.3%)
confirmed copulations were also observed within a 24 h
period, with a mean (+s.e.m.) interval between copulations
of 54.8 + 12.12 min (range: 17-128 min). Confirmed
copulations over two consecutive days occurred on four
occasions, while others were interspaced by 1, 5, 9 and
31 days; but each only occurred on a single occasion. Thus,
80% of confirmed copulations were confined to a single
day. Final observed copulation occurred as early as within
4 h of male entry but was also observed up to 29 days
later (mean + s.em.: 12.4 + 2.1 days, n = 18). The
mean duration of copulation was 57.0 + 6.2 min (range:
20-203 min; n = 44) and typically occurred between 16:00

and 10:30 h. Observed copulations occurred primarily in
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burrow boxes or logs (n = 40) but occasionally in the open
area of the enclosure (n = 3).

Courtship and mating interactions in
breeding trios

When housed with two females, the male generally courted
both females, alternating between the two, for 2-3 days
before focusing his attention on one female. Of the
breeding trios observed (n = 4), only one of the two females
ever became pregnant. In one example, M4 was housed with
two females (F5 and F6) during the 2019 breeding season; all
courtship behaviour was directed towards F5, including two
assumed copulations (not confirmed due to visibility issues).
M4 was replaced by M1 who demonstrated no interest in
F5 (later detected to be pregnant by ultrasonography)
but courted F6 for two nights (later considered to be in
anoestrus), after which, no further interest was shown.
Similarly, M5 was housed with F2 and F3 (2020), showing
interest in both females for the first 3 days before focusing
his attention solely on F2, which resulted in a successful
copulation. F3 was later confirmed to be in anoestrus.

Behaviour associated with oviposition

On the day of oviposition, females typically lost interest
in food; of the 21 oviposition events recorded, seven were
associated with no food having been eaten, eight were
associated with < half of the provided food being eaten and
four were associated with all food being consumed. 55 to
214 (151.6 + 20.5) min before oviposition, females (n = 21
oviposition events) generally paced the enclosure (see
Supplementary material video file ‘pacing’). which was
interrupted by short breaks (periods of inactivity in the
open enclosure) and/or would repeatedly enter and exit
their burrow box in addition to frequent pouch probing
(see Supplementary material video file ‘pouch probe’). At
the time of egg laying, females either rolled on their side or
sat on their hind legs and extended their head forward
towards the cloaca to presumably guide the egg into the
pouch (although this was never observed directly); this
sequence took 1-2 min and occurred between 17:00 and
09:00 h (n = 21; see Supplementary material video file
‘oviposition’). After oviposition, females resumed pacing
and pouch probing for 47.5 + 9.3 (range: 18-93) min
before finding a location to incubate the egg; this was
typically in the burrow box or a log (n = 19) or
occasionally in the open enclosure (n = 2).

Behaviour during incubation

The duration of incubation when the egg was not
prematurely removed was 10.3 + 0.2 days (n = 15). The
egg was removed during incubation of eight females, five
of these females resumed activity within 29.8 + 6.7 h
(range: 6-48) of egg removal. The remaining three females
continued to demonstrate incubation behaviour until what
would have been day 10. On two separate occasions, F3

(2019) continued incubation behaviour for a further 8 and
7 days, respectively, when the egg had been removed on
days 8 and 9 of incubation, respectively. Some females
(7 of 23 cycles) emerged from incubation to eat but these
bouts typically lasted less than 30 min and only occurred
once or twice during an individual’s incubation period.
Of the seven females that emerged from incubation to eat,
two eggs remained viable (29%). For the 16 females that
did not eat during incubation, five eggs remained viable
(31.3%). One female emerged from incubation on day 7 to
eat and resume activity; she was later diagnosed with
mastitis and had lost her egg. Over the 3-year study period,
six females were) handled two to four times during
incubation for blood collection; each female returned to
incubation immediately when returned to her enclosure.

Female behaviour while carrying pouch young

For the first 1-3 days after incubation, females (17 of
21 cycles) were generally only active for short periods
(20-102 min); however, some females (4 of 21 cycles)
were active throughout the night once they were no longer
incubating. Regardless, pouch probing/grooming was fre-
quently observed while females were assumed to be carrying
pouch young. Most females (18 of 21) ate the full allowance
of food provided after incubation, while some (3 of 21) ate
25-75% of the food until days 2-5 post incubation.

Discussion

This study has identified specific behavioural cues that have
the potential to be used as non-invasive tools for monitoring
reproduction in captive echidna breeding pairs and preg-
nant females. Leading up to copulation we observed a
linear increase in the frequency in which the male would
approach the female to sniff her urogenital region, roll at
her caudal region and attempt to copulate with her; after
copulation, the frequency of these behaviours significantly
reduced. On the day of oviposition, female echidnas increased
their pacing activity, but reduced feeding time and the
quantity of food eaten. These behaviours can aid zookeepers
to recognise that a breeding pair have copulated and
anticipate the timing of impending oviposition. Additionally,
this study identified behaviours indicative of female recep-
tivity that may facilitate the detection and characterisation
of oestrus in future studies.

Detection of oestrus in the female echidna by means of
behavioural observations remains challenging. While the
frequency that the male exhibited ‘rolling’ and ‘copulation
attempt’ toward the female generally peaked on the day of
confirmed copulation, this was not statistically significant,
making it difficult to precisely detect the onset of oestrus.
While we focused on male reproductive behaviours directed
towards the female in study la, our general observations
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(study 2) revealed that female echidnas may express classic
oestrus behaviours commonly observed in livestock and
domestic species including standing oestrus and rump
presentation (Hurnik et al. 1975; Takahashi 1990) but that
direct observation of such behaviours is opportunistic.

Our observation that 80% of confirmed copulations
occurred within a single 24-h period suggests that the
female echidna’s period of receptivity is less than 24 h. This
short window of female receptivity may, in part, explain
‘training’ behaviour (Griffiths 1978), as this close following
behaviour ensures that a male is near the female when she
becomes receptive. Future behavioural studies that investi-
gate hourly rate of change in male/female interactions
(particularly observations of standing oestrus and rump
presentation) over the 48 h before and after confirmed
copulation may aid in characterising the oestrus period of
the echidna.

Our study la data show that male echidnas significantly
lost interest in females after confirmed copulation. This
is supported by our general observation that courtship
behaviour terminates approximately two days after confirmed
copulation and is also consistent with observations from wild
(Rismiller and McKelvey 2000) and other captive echidnas
(Ferguson and Turner 2013). Therefore, while we were
unable to detect oestrus before copulation using behavioural
cues, the significant decline in courtship behaviours directed
toward the female after copulation may nevertheless be a
useful indicator to zookeepers that copulation has likely
occurred, even if coitus is not observed directly. As
continuous observation and quantification of the behaviour
of a breeding pair is laborious and observation of confirmed
copulation is not always possible (Dutton-Regester et al.
submitted to General and Comparative Endocrinology), we
suggest future studies investigate the reliability of detecting
quantifiable changes in ‘rolling’ and ‘copulation attempt’ by
observing the first 5 min of each hour between 16:00
and 10:30 h.

Studies of the echidna olfactory region of the brain show
that this region is highly evolved and that chemical signals
likely play a significant role in mediating complex social
behaviours (Harris et al. 2014). Whether chemical signals
are involved in signalling female oestrus is unclear as males
appear to ‘train’ females (for up to 26 days in this study
and 6 weeks in wild populations (Rismiller and McKelvey
2000) until copulation. However, it is possible that chemical
signals provide male echidnas with other important informa-
tion regarding the female’s reproductive status as we observed
males to quickly lose interest in pregnant and anoestrous
females. Further, after copulation, the 2-day delay in
male dispersion (in the wild) or lack of interest (in captive
populations) suggests that the male may be waiting for
appropriate chemical signals to ensure successful fertilisation
has occurred.

On the day of oviposition, female echidnas demonstrated
a significant increase in pacing behaviour, but feeding
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behaviour was suppressed. Our general observations also
describe ‘restlessness’ with females repeatedly entering and
leaving their burrow. Changes in behaviour in the
prepartum period are common in a wide variety of species.
For example, studies on domestic cows, goat, sheep and red
deer have reported the following behavioural changes as
parturition approaches: pacing, pawing, circle walking with-
out an obvious goal, frequent postural changes, reduced
eating, and reduced lying duration (Rgrvang et al. 2018).
These changes in behaviour are likely due to the pain and
discomfort associated with parturition (Hydbring et al.
1999; Rgrvang et al. 2018) as significant increases in the
hormones oxytocin and prostaglandin F and E (PGF and
PGE) stimulate intense muscular contractions of the uterus
to expel the fetus (O’Brien 1995; Weiss 2000). Similar
endocrine changes that promote uterine contractions during
oviposition in avian and reptilian species include PGF and
PGE in addition to arginine vasotocin, which is biologically
similar to oxytocin (Guillette et al. 1991). As the echidna is
an egg laying mammal, future studies should investigate
PGF and PGE and both oxytocin and arginine vasotocin to
determine which of these hormones regulate oviposition in
the echidna.

There was variation across cycles in the time engaged
in pacing and eating, and the quantity of food eaten;
therefore, it is important that zookeeping staff are familiar
with the individuality of their breeding females. It is
unclear why F2 demonstrated a reduced duration of pacing
activity on the day of her second oviposition (7 min) as her
overall activity level was consistent with that of previous
days. Time eating was clearly reduced in four of five cycles
but F3 increased her eating time two-fold. This female’s
eating rate was clearly slower than normal as she would
typically consume an entire plate of food in approximately
20 min but only managed to consume half of her food over
45 min on the day of oviposition. Regardless, all females
noticeably reduced their food intake on the day of oviposi-
tion and some up to 3 days before. Therefore, quantity
of food eaten demonstrates the most consistent, and clear
indication of approaching oviposition for zookeeping staff
to incorporate into their daily observations which can be
achieved without the need to refer to video. However, our
general observations revealed that some females continued
to consume all food up until and including the day of
oviposition. For these females, duration of pacing and/or
eating may be necessary via video observation.

Conclusion

This study demonstrates that there are quantifiable changes in
specific echidna behaviours that can be used as tools for the
reproductive management of this species. The frequency that
males express ‘urogenital sniffing’, ‘rolling’ and ‘copulation
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attempt’ toward the female can be used to alert zookeepers
that copulation has likely occurred. As continuous behaviour
monitoring is laborious, we suggest future studies investigate
the reliability of detecting quantifiable changes in these
behaviours by observing the first 5 min of each hour between
16:00 and 10:30 h. Increased pacing, reduced feeding time
and quantity of food eaten can aid zookeepers to identify
impending oviposition; however, quantity of food eaten is
the most reliable indicator and does not require monitoring
via video surveillance. While we were not able to identify
female oestrus, our observations suggest that the female
echidna’s period of receptivity is less than 24 h and that
future studies should investigate hourly rate of change in
male/female interactions over the 48 h before and after
confirmed copulation to aid in characterising the oestrus
period.

Supplementary material

Supplementary material is available online.
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