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Good things come to those who
mate: analysis of the mating behaviour
in the menstruating rodent, Acomys cahirinus
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Abstract

Background: The Egyptian spiny mouse (Acomys cahirinus) is the only known rodent to exhibit true, human-like
menstruation and postpartum ovulation, and is an important new model for reproductive studies. Spiny mice do not
produce a visible copulatory plug, and calculation of gestational age is therefore restricted by the need to use mated
postpartum dams. The current inefficient method of monitoring until parturition to provide a subsequent estimate of
gestational age increases study duration and costs. This study addressed this issue by comparing the mating behav-
iour of spiny mice across the menstrual cycle and proposes a more accurate method for staging and pairing animals
that provides reliable estimates of gestational age. In experiment 1, mating behaviour was recorded overnight to
collect data on mounting, intromission, and ejaculation (n=5 pairs per stage) in spiny mice paired at menses and at
early and late follicular and luteal phases of the menstrual cycle. In experiment 2, female spiny mice were paired at the
follicular or luteal phases of the menstrual cycle to determine any effect on the pairing-birth interval (n =10 pairs).

Results: We report a broad mating window of ~ 3 days during the follicular phase and early luteal phase of spiny
mice. Males displayed a discrete foot twitch’behaviour during intromission and a brief copulatory lock during ejacula-
tion. Litters were delivered after 40-43 days if pairing occurred during the mating window, compared with 46-48 days
for spiny mice paired in the late luteal phase. When pairing occurred during the late luteal phase or menses no mat-
ing activity was observed during the recording period.

Conclusion: This study clearly demonstrates an effect of the menstrual cycle on mating behaviour and pregnancy in
the spiny mouse and provides a reliable and more effective protocol for estimating gestational age without the need
for postpartum dams.
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Background

Copulatory behaviour in rodents and most other mam-
mals is tightly linked to their reproductive physiology,
behavioural estrus, and the timing of ovulation [1-3].
This relationship is particularly useful in gestational
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studies in laboratory rodents where copulation and preg-
nancy are highly predictable and can be confirmed non-
invasively. The Egyptian spiny mouse, Acomys cahirinus,
is a rodent native to North Africa that has recently been
used as a laboratory rodent in biomedical research. While
limited information is available regarding A. cahirinus
reproductive biology, recent research has highlighted sev-
eral reproductive characteristics that are rare in rodents.
Acomys cahirinus produce small litters with precocial
young [4] and a relatively long gestation (~39 days; [5]),
cannot become pseudopregnant [6], and, more recently,
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were the first rodents to exhibit a natural, human-like
menstrual cycle [7] and a menopause-like transition [8].
Interestingly, unlike most rodents, A. cahirinus also do
not produce a visible copulatory/seminal plug [9], which
provides significant challenges when using mated females
for gestational studies as ejaculation, and therefore early
pregnancy, cannot be confirmed non-invasively.
However, based on observations in our breeding col-
ony, female spiny mice also experience a postpartum
ovulation, where ovulation and mating occur within 48 h
of parturition [10]. Using this knowledge, estimates of
gestational age are currently calculated from the date of
delivery of the previous term litter [11, 12]. While this
method provides a useful and relatively accurate estimate
of gestational age, it is time-consuming, costly, and inef-
ficient. It requires the monitoring of breeder pairs until
parturition (a minimum of 40 days from pairing virgin
females and no guarantee that females will have mated
immediately upon pairing) plus the subsequent timing of
pregnancy to the required stage of gestation.
Observations from our laboratory have also identi-
fied variable pairing-to-birth intervals that ranged from
40-46 days from when females were paired at unknown
stages of the 9-day menstrual cycle. This suggested that
stage of the menstrual cycle influences mating behaviour
that results in these variations in gestational outcomes in
A. cahirinus. Although copulatory behaviour in this spe-
cies has been described [13], in a study that also preceded
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the discovery of menstruation in A. cahirinus, no attempt
was made to correlate the phase of the reproductive
cycle with the timing of copulation and birth. In this
study, the data recording methods used were not clearly
detailed, and no video or photographic evidence of mat-
ing behaviour was provided. With the current access to
improved recording technologies, a more accurate and
effective method for timing mating, insemination and
pregnancy can now be achieved. In this study, we have
built upon the previous study by investigating the effect
of menstrual cycle stage on receptivity, copulation, and
birth outcomes in the Egyptian spiny mouse using digi-
tal recording equipment and used these data to propose
a more effective method for estimating gestational age in
the spiny mouse.

Results

Experiment 1

Male spiny mice approached females from behind prior
to mounting (Fig. 1, Supplementary videos 1-2) and
females either moved away, sometimes climbing the wire
cage top to prevent unwanted advances or were receptive
and allowed the male to mate with her.

Mounting was usually initiated rapidly after introduc-
tion and was defined as the male clasping the female’s
back with his forepaws. Mount latencies were similar
between the early follicular, late follicular, and early luteal
phase (p>0.05), and generally under 10 min (Fig. 2A).

Fig. 1 Mounting behaviour during the lights-on (A, B) and lights-off (C, D)

2B and 2D are zoomed in images (2X) of 2A and 2C respectively

periods in spiny mice. Male spiny mice approach females from behind

and place front paws on the middle of the female’s back. Females will either allow mating to occur or move to prevent unwanted mating. Frames
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Fig. 2 Mount latency (A; ML) and intromission latency (B; IL) in spiny mice paired at different stages of the menstrual cycle. ML and IL are similar
between early follicular, late follicular and early luteal phases. Intromission events were seen in 3/5 pairs during the early follicular and early luteal
phases, and in 5/5 pairs during the late follicular phase. All data are mean 4 SD, significance set at p < 0.05 and * reflect outliers within cycle stages.
ANOVA for ML: F 1, =0.6485, P=0.5402. ANOVA for IL: F, 5 =0.3259, P=0.7310

However, during the late luteal phase mounting was only
observed in one of the five pairs and occurred 85 min
after introduction. No additional copulatory behaviours
were seen in this pair, and no copulatory behaviours were
seen when pairing occurred during menses in all pairs.

Intromission was a discrete event in which the female
stood still while the male climbed further along her back
with no apparent biting of the female’s back or nape.
Males also display a clear, and previously unrecorded,
foot twitch during the brief period of intromission
(~1s; Supplementary videos 1-2) followed by a ballistic
dismount.

Intromission was seen in all (5/5) late follicular phase
pairings, but only in 3 each of the 5 early follicular and
5 luteal phase pairings (Fig. 2B). Intromission latencies
were similar between the early follicular, late follicu-
lar, and early luteal phases (Fig. 2B, 3A; p>0.05), and
the first intromission typically occurred approximately
one hour after introduction (Fig. 2B; p >0.05). Similarly,
number of intromissions were also similar across these
groups and generally occurred in a series of between 6
and 18 intromissions (11.3 4+ 3.4 SD; Fig. 3A; p>0.05).
All pairings in which intromission was seen also
resulted in ejaculation, which was confirmed by the
presence of spermatozoa in the vaginal lavage. There
were no behavioural signs that intromission or, by its
association, ejaculation had occurred in any of the late

luteal or menses phase pairs. Intromissions were con-
firmed as non-ejaculatory as females smeared after
each intromission event contained no spermatozoa.

Ejaculation was distinguished from intromission by
the difficulty of the mating pair to separate (Supple-
mentary videos 3—4) following a discrete, but extremely
brief, copulatory lock (~1 s). Copulatory locks were
also confirmed to be ejaculatory events by the presence
of spermatozoa in vaginal smears of females immedi-
ately following locking events (Supplementary Fig. 1).
In all 3 phases of the menstrual cycle where mating was
successful, ejaculation occurred after a similar inter-
val of between 7 and 24 min (16.3+£5.3 SD) after the
first intromission (Fig. 3; p > 0.05) and always followed a
series of non-ejaculatory intromissions.

Most pairings resulted in a single ejaculation (8/11)
during the observational period, however, based on
observed locking events, three males ejaculated twice
(2 in late follicular, 1 in early luteal) with a mean inter-
val between ejaculations of 36 £11 min. No visible
pelvic thrusting was evident during either intromis-
sion or ejaculation and genital grooming followed all
intromission and ejaculation sequences. In all pairings
for which ejaculation was observed, vaginal lavages
from the following morning revealed no spermatozoa
or visible seminal plugs. Also, litters in this experi-
ment were born with a mean pairing to birth interval
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Fig. 3 Intromission frequency (A; IF) and ejaculation latency (B; EJL) in spiny mice paired at different stages of the menstrual cycle. IF and EJL are
similar between those cycle stages where intromission occurred. Intromission occurred in a series between 6 and 18 events (A) and EJL occurred
between 7 and 24 min after the first intromission (B). All data are mean £ SD and significance set at p <0.05. ANOVA for IF: F, 3 =0.3556, P=0.7113.
ANOVA for EJL: F, 3=1.569, P=0.2662

of 40.9+ 0.8 days and an average litter size of 2.4+0.1
pups (Fig. 4A and B).

Experiment 2

In experiment 2, only 4/5 females paired in the fol-
licular phase and 1/5 paired in the luteal phase gave
birth within 45 days of pairing. The female paired in
the luteal phase which gave birth before 45 days had
vaginal cytology containing a mixture of cornified epi-
thelial cells (CECs), leukocytes and nucleated epithe-
lial cells (NECs) (Fig. 5A) that was more typical of an
early luteal phase vaginal smear in A. cahirinus. The
remaining 4 females from the luteal phase pairings all
showed vaginal cytology typical of the late luteal phase
at pairing (Fig. 5B).

Litters were born between 39 and 43 days after pair-
ing between the follicular and early luteal phase (mean
41.7+£1.2 SD; p>0.05) by all females paired in the fol-
licular and early luteal phases. In contrast, the pair-
birth interval in 4/5 females paired in the late luteal
phase was significantly longer (46—48 days after pair-
ing, mean 46.6 +0.9 SD; p<0.05), and the remaining
female did not give birth.

Discussion

This study has described an improved analysis of spiny
mouse copulatory behaviour from that published by
Dewsbury and Hodges [13] and provided new data on
the relationship between mating success and the spiny
mouse menstrual cycle in our captive colony. In their
original study, Dewsbury and Hodges argued that male
copulatory patterns cannot be predicted from knowl-
edge of the female estrous cycle. Our study challenges
this assertion. We have demonstrated the clear pres-
ence of a broad ‘mating window’ in which mating can
occur during the early follicular, late follicular, and
early luteal phase phases of the menstrual cycle, but not
during the late luteal or menses phases. In mammals,
gonadal steroids are known to affect sexual behaviour
and mating receptivity [14]. This relationship is true in
female rodents [15], and also women, where copulation
is significantly more frequent during their ovulatory
window [16, 17] when testosterone and dihydrotes-
tosterone (DHT) concentrations are the highest [18].
Although androgen concentrations during the men-
strual cycle in A. cahirinus have not been reported,
our observations that females may also be receptive
to mating several days either side of ovulation suggest
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Fig. 4 Pairing to birth interval (A) and number of pups born (B) in spiny mice paired at different stages of the menstrual cycle. Average time to litter
down and number of pups born were similar across all cycle stages where ejaculation was seen. Data are mean 4 SD and statistical significance set
at p<0.05. ANOVA for birth interval: F, ; =2.590, P=0.1439. ANOVA for number of pups: F,;=0.1000, P=0.9061

a possible relationship between copulation frequency
and changing androgen levels.

Unexpectedly, neither the pair-birth interval nor the
number of pups born were significantly different across
cycle phases where pups were born. This is in contrast to
hamsters and mice where a significant difference in lit-
ter size is attributed to timing of mating [19, 20]. While
time between the early follicular and early luteal phases
of the menstrual cycle may differ by up to 2 days in the
spiny mouse [7], it appears this time may be too little to
observe a noticeable difference in litter size and pair-birth
intervals. Further, a strong inverse relationship between
litter size and gestation length has been reported in mice,
rats, and gerbils [20-22]. However, differences are only
apparent when comparing higher- and lower-order preg-
nancies in these species. Given the naturally small litter
sizes in spiny mice (1-5; [4]) and higher-order pregnan-
cies generally being born to multiparous dams (unpub-
lished data from our colony), this may explain the similar
pair-birth intervals we have observed.

Moreover, individual pairs established during the early
follicular to early luteal phases of the cycle produce litters
after a similar period to those reported in postpartum
female spiny mice (41 days+4.4 days (SD); unpublished
data from our colony). While litters were born>45 days
post-pairing in luteal phase females, these are most likely
resultant of mating and pregnancies from the subsequent

cycle, rather than the paired cycle. Thus, our method
of timing pairing to a particular phase of the menstrual
cycle, as outlined here, resulted in similar gestational out-
comes to mated postpartum dams, while reducing study
duration and costs.

Another distinction between our study and that of
Dewsbury and Hodges [13], is the use of vaginal lavage to
confirm behavioural cues for, and the timing and location
of, ejaculation within the female reproductive tract. No
spermatozoa were present in vaginal lavages taken imme-
diately after individual, non-locking, intromission events.
Despite interruptions to mating activities to obtain vagi-
nal smears, and the potential stress involved in this pro-
cedure, spiny mice pairs rapidly resumed sexual activity
after each consecutive vaginal lavage. This is an interest-
ing and important observation for future mating studies
because, although spiny mice are susceptible to stress
(unpublished data from our colony), it appears that the
mating drive is strong enough to overcome any stress
caused by the disturbance of removing females briefly for
vaginal lavage. Spermatozoa were seen in vaginal smears
of females immediately after a copulatory lock, suggest-
ing intravaginal ejaculation. However, as post-coital
reproductive tracts of females were not examined in this
study, we cannot rule out the possibility of intrauterine or
intracervical insemination, as occurs in some other spe-
cies like pigs and the camelids [23].
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Our mating behavioural analysis reveals several simi-
larities to Dewsbury and Hodges [13]. We observed no
pelvic thrusting during either intromission or immedi-
ately prior to ejaculation, and a series of intromissions
always preceding ejaculation. We also observed no obvi-
ous lordosis in female spiny mice during intromission or
ejaculation; a feature that is typical of murid copulation
[24]. Instead, we observed a distinct male foot twitch
behaviour, which was not reported by Dewsbury and
Hodges [13]. Interestingly, a similar behaviour, ‘thump-
ing, was reported in Mongolian gerbils in which either
individual taps its hind feet against the cage floor imme-
diately following coitus [25]. However, the cause of this
behaviour is ambiguous as it presents in both sexes in
other non-coital settings and has been considered a sign
of stress [26]. In contrast, the male spiny mouse foot
twitch that occurred only during coitus, we interpret as
a behavioural response of males to pre-ejaculatory penile
insertion during mounting on a female not presenting
any clear lordosis. While multiple intromissions have
been suggested as a necessary requirement to trigger
ovulation in several rodent species [1, 27], A. cahirinus
present with spontaneous, rather than induced ovulation
[6, 7]. Therefore, the multiple intromissions observed
here are more likely a prerequisite to stimulate ejacula-
tion, rather than to stimulate ovulation in A. cahirinus.

We also confirm the presence of a copulatory lock and
no obvious copulatory plug in A. cahirinus. In an exten-
sive review of 118 mammalian species, Dewsbury [1] cat-
egorised mating behaviour into 16 categories; the most
common patterns being # 9 (no lock, intravaginal thrust-
ing, multiple intromissions and ejaculations) and #13 (no
lock, no intravaginal thrusting, multiple intromissions
and ejaculations). Interestingly, all species in these two

categories were either primates or rodents, with most
rodents falling into category #13. From this, it appears
that mating behaviour in A. cahirinus is broadly similar
to other rodent species but with the addition of a copula-
tory lock. Seminal plugs are common in rats and guinea-
pigs, but only observed in a few mouse species [15], and
these non-plugging species generally have copulatory
locks and reduced or underdeveloped accessory glands
(reviewed by [28]). Further, Voss [15] argued that if there
is a causal relationship between the presence of copula-
tory locks and the absence of plug formation, they ‘must
serve much the same function(s) as the plugs they pre-
sumably replaced.

Male spiny mice have a normal complement of acces-
sory glands typical of many murid rodents [29], with
a large well-developed seminal vesicle but a compara-
tively small prostate and coagulating glands. Hartung
and Dewsbury [28] have suggested that well-developed
accessory glands are required for rodent seminal plug
formation, but no copulatory plug has been observed
in spiny mice. However, coagulation studies using spiny
mouse accessory gland secretions [29], especially mix-
ing of extracts from the seminal vesicles and the coagu-
lating glands, shows coagulum formation. Together, this
suggests the possibility of a covert post-ejaculatory semi-
nal plug in spiny mice, perhaps deep within the vagina
against the cervix or within the cervical canal.

The functional role of copulatory plugs in rodents
has been debated for centuries [30] and several hypoth-
esis have been suggested. These include prevention of
insemination by rival males, assisting sperm transport,
induction of pseudopregnancy and prevention of sperm
leakage from the vagina [15]. None of these hypoth-
esis are likely to apply in A. cahirinus considering the
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extremely brief lock compared to true locking species
[31], and the demonstrated inability to induce pseudo-
pregnancy in this species [6]. An alternative explana-
tion is that, despite the brief ejaculatory lock, spiny mice
deposit most or all of the ejaculate directly into the cervix
or uterus like camelids and pigs [23]. Although sperma-
tozoa were seen in vaginal lavages immediately following
the brief locking events, these spermatozoa may be flow-
back through the cervix or leakage from the penis during
withdrawal from the vagina. Considering this, if ejacula-
tion does occur within the cervix or the uterus, forma-
tion of a small, very temporary, seminal plug may assist in
maintaining spermatozoa at the site of ejaculation. Future
studies of female spiny mouse reproductive tracts follow-
ing coitus may provide answers to these questions on the
site of insemination and presence of post-coital seminal
plug, and provide new information on sperm concentra-
tion, survival, and transit through the female tract.

Conclusion

This study has extended and improved the analysis of
spiny mouse mating behaviour reported by Dewsbury
and Hodges [13] and, importantly, it provides a com-
prehensive description of mating behaviour across the
recently discovered menstrual cycle of this species. We
have defined a more reliable and efficient method for
staging gestational age in female spiny mice by describing
a discrete mating window where mating behaviour and
pairing-birth intervals are highly predictable. Ejaculation
was seen in 11/15 pairs (73%) during the mating window,
and an average of 2 pups were delivered from 10/11 (91%)
pairs between 38 and 43 days later. Moreover, females
paired during the late luteal or menses phases were not
receptive to mating, and males displayed no mating
behaviour during these phases. This study has confirmed
its original aim of providing a method for more reliably
estimating gestational and fetal age in pregnant spiny
mice and will improve gestational studies by reducing
both the research time and financial costs of using post-
partum animals.

Methods

Ethics approval and animal use

All experimental procedures carried out in this study
were performed according to the ARRIVE guidelines,
and adhered to the Australian Code of Practice for the
Care and Use of Animals for Scientific Purposes. All ani-
mals (n="70) were sourced from our breeding colony and
approved for use by the Monash Medical Centre Ani-
mal Ethics Committee (MMCB 2019/13BC). Sexually
mature spiny mice (3 — 9 months of age) were housed in
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sex-segregated groups up to nine per cage or as breed-
ing pairs under a 12:12 h light:dark cycle at 25-28 °C and
humidity of 30-40% [4]. Cages were lined with wood
shavings and plastic tunnels, cardboard boxes or tissue
paper provided as environmental enrichment. Food (rat
and mouse cubes; Specialty Feeds, Glen Forest WA) and
water was provided ad libitum, with weekly supplements
of fresh carrots and celery.

Experimental design

Two experiments were conducted in this study. The first
experiment was designed to record and characterise the
mating behaviour of spiny mice at different stages of the
menstrual cycle. The second experiment was used to
determine the effect of menstrual cycle stage on spiny
mouse pairing-birth intervals.

Experiment 1 (n=25 pairs; 50 animals)
The aim of this experiment was to compare behavioural
cues for copulation with those outlined by Dewsbury and
Hodges [13], and in particular, mounting, intromission
and ejaculation. Spiny mice (=5 per phase) were paired
at the early follicular (day 3—4), late follicular (day 4-5),
early luteal (day 5-7), late luteal (day 7-9) and menses
(days 1-3) phases of the cycle (Fig. 6). Being a naturally
crepuscular species [32], the mating activity of each pair
was recorded during the night for at least 6 h, commenc-
ing at 5 pm and ending the following morning at 8am.
Males and females were separated and returned to
their respective home cages the following morning and
females were lavaged vaginally on the morning of sepa-
ration to check for signs of semen or a copulatory plug.
Each female was then monitored for 30 days after pair-
ing, when females were visibly pregnant and pups were
palpable (~30 days; unpublished data from our colony).
Females that were visibly pregnant were removed from
their home cages and housed in a single cage to litter
down; those that were not pregnant were left undisturbed
in their home cage.

Recording

Mating behaviour was recorded in a clean cage, with
fresh bedding and enrichment (as required by ethics),
using a 1080p wireless security camera system (cctv-wf-
cla-4c-4b; UL-Tech, Australia) (Fig. 7). At least 6 h of
footage was examined after pairing.

Mating behaviour

Mating behaviour was measured as described by Dews-
bury and Hodges [13] with time to live birth (pairing-
birth interval) and number of pups born as additional
measures. The following behaviours were included in
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Fig. 6 Stages of the Spiny Mouse Menstrual cycle. Menses in A. Cahirinus lasts approximately 3 days and is followed by the follicular phase where
several follicles are matured under the influence of estradiol (E2). Following a surge of E2, the dominant follicle ruptures releasing the mature
oocyte, and subsequently forms a progesterone (P4) secreting corpus luteum. Following ovulation, the luteal phase begins, which encompasses
the implantation window whereby a healthy blastocysts implants into a receptive uterus to establish pregnancy
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Fig. 7 Recording setup used for recording spiny mouse mating behaviour. Cameras (arrow) are attached to the cage racks and placed two shelves
above the breeder cage (A). Water is provided on top of the cage lid, whilst food and enrichment devices are provided within the cage (B)

the behavioural assessment: mount latency (ML; time frequency (IF; number of intromissions prior to ejacula-
from pairing to first mount), intromission latency (IL; tion), ejaculation latency (EJL; time from first intromis-
time from pairing to first intromission), intromission sion to ejaculation), ejaculation interval (EJI; time from
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ejaculation to the next intromission) and ejaculation fre-
quency (EJF; number of ejaculations observed). Females
(n=1 pair from each cycle stage) were also subjected to
vaginal lavage immediately after copulatory behaviours
were observed. These behaviours were considered to be
ejaculatory events and vaginal lavages were performed
to determine if spermatozoa was present in the vagina to
confirm ejaculation.

Experiment 2 (n=10 pairs; 20 animals)

The aim of this experiment was to determine the pair-
birth interval of animals paired in the follicular and luteal
phase when animals are left together until pregnancy was
visible, rather than removed the following morning of
pairing. Stage of the menstrual cycle was determined [7]
in sexually mature, cycling females (n=5 pairs per phase)
prior to pairing during the follicular or luteal phases
(Fig. 6) of the menstrual cycle. Animals in this experi-
ment were paired at 1700 h and left together until there
were visible signs of pregnancy as described in experi-
ment 1.

Statistical analysis

All data were analysed using Prism 8 software (Graph-
Pad). Data from experiment 1 were tested for normality
using the Shapiro—Wilk test before further analysis. One-
way analysis of variance (ANOVA) was used to compare
data between cycle phases, Tukey’s multiple compari-
son test was used as post-hoc analysis, and Grubb’s test
was used to identify any outliers. Data from experiment
2 were subject to an unpaired t-test, and all data were
reported as mean =+ standard deviation (SD) and statisti-
cal significance set at p <0.05.

Abbreviations

CECs: Cornified epithelial cells; NECs: Nucleated epithelial cells; ML: Mount
latency; IL: Intromission latency; IF: Intromission frequency; EJL: Ejacula-
tion latency; EJI: Ejaculation interval; EJF: Ejaculation frequency; DHT:
Dihydrotestosterone.

Supplementary Information

The online version contains supplementary material available at https://doi.
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Additional file 1: Supplementary figure 1. Spermatozoa in a vaginal lav-
age sample following a locking event. Spermatozoa (arrows) and cornified
epithelial cells (circles) in the vaginal lavage from a female spiny mouse
immediately following an ejaculatory locking event. Scale bar = 100um
(40X) and inset square shows spermatozoa and cornified epithelial cells at
higher magnification (100X).

Additional file 2: Supplementary video 1. Mounting and intromission
behaviours of spiny mice during the lights-on period. Male spiny mice
approach females from behind prior to mounting where the male clasps
the female’s flanks with his front paws. Males then display a distinct foot-
twitch behaviour during intromission followed by a ballistic dismount.
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Additional file 3: Supplementary video 2. Mounting and intromission
behaviours of spiny mice during the lights-off period. Male spiny mice
approach females from behind prior to mounting where the male clasps
the female’s flanks with his front paws. Males then display a distinct foot-
twitch behaviour during intromission followed by a ballistic dismount.

Additional file 4: Supplementary video 3. Locking/ejaculatory behav-
iours of spiny mice during the lights-on period. Spiny mouse ejaculatory
behaviour is distinct from intromission by the apparent difficulty to
separate, due to a brief (~1 second) copulatory lock.

Additional file 5: Supplementary video 4. Locking/ejaculatory behav-
jours of spiny mice during the lights-off period. Spiny mouse ejaculatory
behaviour is distinct from intromission by the apparent difficulty to
separate, due to a brief (~1 second) copulatory lock.
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