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ABSTRACT

Obtaining a suitable mate is an integral part of reproduction, with sexual selection processes such as
female mate choice resulting in both direct and/or indirect benefits. Here, we investigated whether
olfactory driven female mate choice influenced reproductive success in captive fat-tailed dunnarts
(Sminthopsis crassicaudata). Although females spent 67% more time with a preferred male’s scent,
reproductive success was not influenced by assigned mate choice. Of the 10 (of 12) litters that
survived to weaning, average litter size was higher for non-preferred pairings (3 ± 0.83) compared
with preferred pairings (1.6 ± 0.60), with weaning success equal for both pairings. Analyses suggested
that offspring sex ratios were influenced by mate choice, with females paired with their preferred
mate having more daughters (81%) in comparison to non-preferred pairings (44%) and by paternal
body condition, whereby females paired withmales in better body condition producedmore sons. In
this species, altering offspring sex ratios in favour of daughters may be achieved by pairing with
preferred males, and towards sons by pairing with males in better body condition.With the increasing
need for captive breeding programs, these techniques may provide opportunities to correct sex ratio
biases and incorporate natural mating systems into conservation programs.
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Obtaining a suitable mate is an integral part of reproduction, with favourable traits that 
enhance an individual’s access to mates evolving as sexual selection (Darwin 1859). 
Sexual selection can occur through the competition for mates via courtship displays, 
resource or territorial acquisition, combat, or mate choice, and is observed in both sexes 
(Mays and Hill 2004). However, mate choice is more often displayed by females (Mays 
and Hill 2004), with females in most taxa being the ‘choosier’ sex due to a relatively 
higher parental investment (Panhuis et al. 2001). Female mate choice may arise through 
direct benefits to females, for example through increased fecundity and parental care 
(Andersson 1994), or indirect benefits to offspring, such as the inheritance of attractiveness 
(e.g. ‘sexy sons’ hypothesis: Fisher 1930), or good/compatible genes (Chargé et al. 2014). 
An increasing number of studies show that females have consistent mating preferences for 
males that appear likely to generate fitness benefits to the females themselves or to their 
offspring (Drickamer et al. 2000; Jennions and Petrie 2000; Roberts and Gosling 2003). 
For example, female mate choice influences copulation success and litter size in the 
Columbia Basin pygmy rabbit (Brachylagus idahoensis) (Martin and Shepherdson 2012), 
and increases offspring survivorship in house mice (Mus musculus) (Drickamer et al. 2000). 

Females are able to discriminate males based on acoustic signals (Reby et al. 2001), 
visual signals (Møller 1988; Sato et al. 2014), or a combination of cues (Candolin 2003; 
Voigt et al. 2008), but mammals most commonly use olfactory signals (Rich and Hurst 1998; 
Roberts and Gosling 2003; Johansson and Jones 2007). Olfactory signals have attracted 
considerable attention in species recognition and female mate choice, with some species 
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being able to assess the genetic compatibility (Parrott et al. 
2007), including the major histocompatibility complex 
(Penn and Potts 1999; Landry et al. 2001; Charpentier et al. 
2008) and health status (Penn and Potts 1999) of potential 
mates. Using olfactory cues in marsupial mate choice studies, 
such as of the agile antechinus (Antechinus agilis) (Parrott 
et al. 2007, 2015), stripe-faced dunnart (Smithopsis macroura) 
(Parrott et al. 2019) and eastern barred bandicoot (Perameles 
gunnii) (Hartnett et al. 2018), have also demonstrated olfactory 
cues to be a useful method for mate choice studies. Studies of 
these species demonstrated that females in oestrus can distin-
guish between genetically similar and dissimilar males, and 
display more sexual behaviour towards, and mate more often 
with, their chosen males. Female agile antechinus that were 
allowed the simultaneous choice of up to four males chose 
to mate with males that were the most genetically dissimilar 
to themselves, but avoided males that were vocal or aggressive 
(Parrott et al. 2015). In the stripe-faced dunnart (Parrott et al. 
2019) and eastern barred bandicoot (Hartnett et al. 2018), 
females that were paired with their preferred mate copulated 
and conceived faster, and had a significantly higher number 
of pregnancies, than females that were allocated a mate 
based on pedigree alone. 

Due to the ongoing effects of anthropogenic change, there 
is an increasing need to determine species' requirements and 
establish successful captive breeding programs for conserva-
tion. The incorporation of natural mating behaviours, such as 
female mate choice, into captive breeding programs has the 
potential to improve reproductive outputs and offspring 
fitness. This is especially relevant to the Dasyuridae (the 
carnivorous marsupials), in which six species are listed as 
endangered or critically endangered, including the Kangaroo 
Island dunnart (Sminthopsis aitkeni) and the eastern quoll 
(Dasyurus viverrinus), and 17 species are classified as near 
threatened or vulnerable to extinction (IUCN 2022). The 
fat-tailed dunnart (Sminthopsis crassicaudata) is currently listed 
bas near threatened in Victoria (Department of Environment, 
Land, Water and Planning (DELWP) 2013), with classification 
to Vulnerable recently accepted under the Flora and Fauna 
Guarantee Act 1988 (supported for listing by the FFG 
Scientific Advisory Committee; Flora and Fauna Guarantee -
Scientific Advisory Committee (FFG-SAC) 2022; Victorian 
Government 2023). Extant populations are noted to be in 
decline, and some populations have become locally extinct 
(Scicluna et al. 2021; Steele and Brunner 2021; Homan 
2022), including the population previously regarded as the 
largest in Victoria (Beardsell 1991; Scicluna et al. 2021). 
With the likelihood of continued decline (FFG-SAC 2022; 
Victorian Government 2023), as seen in other threatened 
dasyurids, increased focus on the species and potential conser-
vation actions is warranted. Further, with the availability of 
long-term captive breeding colonies and evidence of using 
scent-based chemical communication (Ewer 1968), the fat-tailed 
dunnart is an ideal model species for female mate choice 
investigation using olfactory discrimination in the Dasyuridae. 

Here we investigate, for the first time, whether captive fat-
tailed dunnarts demonstrate female mate choice between two 
unrelated novel males. We then determine whether reproduc-
tive output is greater in females paired with their preferred 
mate, hypothesising that pairing females with their preferred 
mate will increase reproductive success compared with those 
paired with their non-preferred mate. 

Methods

Study species

The fat-tailed dunnart is a small (10–20 g), nocturnal, 
carnivorous marsupial belonging to the family Dasyuridae 
(Ewer 1968). This species is generally identified by its very 
distinctive fat-storing tail, which can provide energy when 
food availability is scarce or conditions are suboptimal 
(Hope et al. 1997). Females are polyoestrous and seasonal 
breeders, with a natural breeding season between July and 
February (Morton 1978a). Oestrous cycles last approximately 
31 days with a gestation period of 13–16 days (Morton 
1978a). Females have 8–10 teats (Tyndale-Biscoe and Renfree 
1987), and may successfully rear one or occasionally two 
litters consisting of up to 10 young in natural populations 
(Morton 1978a). Young are weaned 70 days after birth 
(Smith et al. 1978), with the female entering oestrus 2–3 days 
after weaning or loss of pouch young (Bennett et al. 1989). 
Females can reach sexual maturity as early as 115 days old 
and males from approximately 200 days old (Bennett et al. 1989). 

Captive colony

All individuals used in this study were from a pre-existing 
research colony maintained at La Trobe University, Melbourne, 
Australia (AEC18056, DELWP10008231). The colony was 
established in 2001, originating from the University of 
Adelaide captive stock, with sporadic supplementation from 
other captive colonies over a 20-year period. The University 
of Adelaide colony was first established in the Zoology 
Department in 1964 and again in 1965 due to the extinc-
tion of the first colony due to poor reproductive performance 
(Bennett et al 1989) and a reduction in colony performance 
with each generation (Godfrey 1969; Godfrey and Crowcroft 
1971). The colony with which this research was conducted 
was maintained as an ‘outbred’ colony using the Poiley 
rotational outbreeding system (Poiley 1960). It, however, 
almost became extinct in 2013 due to poor breeding perfor-
mance, small litter sizes and loss of Poiley rotational pairing 
when moved to centralised animal care in the university 
rodent facility (unpubl. data). Although it is difficult to 
identify the factors affecting the decline in fecundity of the 
colony, the management of the colony centrally and failure 
to maintain continuous breeding appears to be the most 
likely explanation. The colony was recovered over a 5-year 
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period from very low numbers (eight males and 20 females) of 
aging individuals and supplementation from other captive 
colonies by using seminatural enclosures and housing groups 
of females with multiple males. The colony was then main-
tained at approximately 100 individuals, and at the start of 
this research (in 2018) it consisted of 74 individuals (31 
females and 43 males). 

Husbandry

In this study, a total of 18 adult male and 18 adult female fat-
tailed dunnarts were used, with individuals ranging from 140 
to 635 days old. Individuals were weighed and had pes length 
measured using digital callipers (to the nearest millimetre) 
the week prior to the mate choice experiment. Animals were 
then housed separately until paired for breeding. Dunnarts 
were fed 40 g of a meat mix daily, consisting of dry cat 
food (Whiskas® Adult beef and lamb) that had been soaked 
in water, then mixed with wet cat food (Whiskas® Adult 
Jellymeat loaf), and Wombaroo small carnivore food. Three 
times per week they were also supplemented with five live 
mealworms (Tenebrio molitor) and two live crickets (Acheta 
domestica). Vitamins (Penta-vite® oral liquid) were added to 
water and provided ad libitum. Once females produced pouch 
young, food provisioning was doubled and mealworms 
increased to 20 individuals three times per week. To induce 
oestrous cycling and receptivity, females were housed under 
short light cycles (8 light: 16 dark) and cool temperatures 
(21 ± 5°C) for three weeks and then moved to a long light 
cycle (16 light: 8 dark) and warmer temperatures (23 ± 5°C). 
After 15 days in long light cycles, females were monitored 
daily for the onset of oestrus. Oestrus was identified by an 
increase in body weight and the presence of cornified epithelial 
cells in urine samples (Godfrey 1969). 

Male scent stimuli

Male scent stimuli were obtained from bedding collected from 
the nest boxes of each male one week prior to oestrus 
detection in females and stored in airtight bags. Bedding was 
split into two equal amounts to allow for the male’s scent to be 
used twice if necessary, resulting in 36 samples of bedding 
from 18 potential males. Dunnarts readily urinate and 
defecate upon handling, therefore additional fresh urine and 
faeces were collected on tissues from each male on the day of 
their experiment to supplement the collected scents from 
bedding material. Females were presented with bedding 
only from males that were unrelated to the female, and that 
were novel, with no previous introductions or mating 
attempts. Thus, each female had a suite of suitable males 
available for scent allocation and pairing. Once a scent had 
been presented to a female it was discarded, with no sample 
presented more than once. Once a male was allocated as either 
preferred or unpreferred for pairing with a female (see mate 

choice experiment below), the bedding with his scent was 
excluded from future trials. 

Mate choice experiment

Females were assigned to the mate choice experiment on the 
evening of first oestrus detection (Day 0) between 2100 hours 
and 0500 hours, as females are most receptive in the first 
three days of high epithelial cell shedding (Ewer 1968). 
Choice experiments took place in the female’s familiar 
home enclosure with male scents being the only novel 
factors. Females were simultaneously presented with the 
scents of two allocated males from their suite of suitable mate 
options (see above). The scents were then placed at opposite 
sides of the enclosure. Each female was video recorded during 
choice experiments with infrared surveillance cameras 
(Super-mini Monochrome/Colour Camera, Shenzhen Vakind 
Technology Co. Ltd, Shenzhen, China), with recordings analysed 
the following day. Strips of tape were placed horizontally 
across the top of the enclosure to designate a central zone 
where the female was deemed to have not made a choice, 
and either side of this zone where the female was scored on 
the time spent with each male scent (Fig. 1). A nest box, 
water and food remained in the central zone of the enclosure 
to provide appropriate care for the female, but not influence 
choice scoring. Females were scored from their first emer-
gence from their nest box until reaching a 30-min period 
spent cumulatively with either scent. Experiments were 
observed and recordings analysed in a separate room to avoid 
disturbance. The male whose bedding the female spent the 
most time with was identified as her preferred mate. 

60 cm 

B 

B 

NB 

W 

F 

F 
40 cm 

Fig. 1. Schematic of the female fat-tailed dunnart enclosure set up
during the mate choice experiment. The shaded area represents the
central exclusion zone and white areas represent scoring zones for
each scent. The black lines represent the strips of tape placed over
the enclosure to aid discrimination between areas. The black line of the
nest box represents the entrance point. F, food; W, water dispenser;
B, scent on bedding from two unrelated males; NB, female nest box.
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Behavioural analysis

Additional behaviours of each female during the mate choice 
experiment were analysed using the behavioural program 
BORIS v6.9.2 (Friard and Gamba 2016). As females required 
prompt pairing due to their short receptive period, these 
additional behavioural data were analysed after the females 
were allocated their mates and were not used to determine 
allocation of mates. Behaviours analysed included grooming 
at each scent, time spent in the exclusion zone (central area 
between scents), grooming in the exclusion zone and time 
spent inside the nest box. Grooming behaviour included 
rubbing the body and face and rolling in sawdust. Behaviours 
excluded from analysis included eating, drinking and sleeping 
outside the nest box. 

Reproductive success

On the night following the mate choice experiment (2100 hours), 
females were systematically paired with either their preferred 
or non-preferred mate for the remainder of the study (10 weeks) 
or until pouch young were recorded. This ensured that 
nine females were allocated their preferred mate and nine 
were allocated their non-preferred mate. After 14 days, 
females were weighed and checked once per week for pouch 
young to decrease potential stress from handling while possibly 
pregnant. If pouch young were present, males were removed 
to avoid increased post-partum female aggression (Morton 
1978a), and the number and sex of offspring recorded. Pouch 
young were sexed approximately 20 days after birth when the 
development of the pouch and testis were easily distinguished 
(Cook et al. 2021). Weaning success was recorded at 70 days 
after birth, with weaned young moved to a separate enclosure 
from their mother. Weaning was deemed successful if young 
survived to weaning age. Reproductive success was deter-
mined by production of young, the number of young 
produced, the number of young weaned and the sex ratio of 
litters. 

probable female condition, female tail width (t16 = −0.13, 
P = 0.90), and age (t16 = 1.36, P = 0.19), therefore only 
female condition was used in the model. This was also evident 
between male condition and male tail width (t16 = 0.51, 
P = 0.62) but not age of the male (t16 = 2.73, P = 0.01), 
therefore both probable paternal condition and age were 
included in the model. Our final variable included in the 
model was the strength of pair, which was calculated as the 
percentage of total time each female spent with the scent of 
the male with whom she was paired. 

A GLM with Poisson error was run to determine if the 
number of offspring produced by each female, and weaning 
success of litters, was influenced by mate allocation (preferred 
versus non-preferred mate), maternal condition, paternal 
condition, paternal age, and strength of pair. A GLM with 
binomial error was used to analyse whether offspring sex 
ratio was influenced by mate allocation, maternal condition, 
paternal condition, paternal age and strength of pair. 

Results

Mate choice experiment

On average, females (n = 18) spent 67% of their time with the 
scent of one male (t17 = 4.11, P < 0.01) (Fig. 2). There was a 
correlation between the time spent with the females’ preferred 
scent and time spent grooming (t16 = 0.08, P = 0.93), and 
likewise for non-preferred scents (t16 = −0.01, P = 0.98). 
There was no correlation between the number of visits for 
either preferred or non-preferred scents (t16 = −1.89, 
P = 0.07 and t16 = −1.66, P = 0.11 respectively). 

1200 

1000 

Statistical analyses

All analyses were conducted in R v3.5.1 (RStudio Team 
2018). The total time females spent with both scents was 
used to calculate the percentage of time females spent with 
each scent. Mate preference was assigned to the scent with 
which the female spent the most time. Additional variables 
examined for mate preference were mean difference between 
the number of visits to each scent and time spent grooming in 
the presence of each scent. 

Body condition for individuals was calculated from the 
residuals of an ordinary least regression of body mass and 
pes length (Schulte-Hostedde et al. 2005) one week prior to 
the mate choice experiment. This was conducted prior to 
correlation tests between all measurable variables for gener-
alised linear models (GLM). There was correlation between 
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Fig. 2. The mean time (seconds ± s.e.) that female fat-tailed dunnarts
(n = 18) spent at the two scents provided during the mate choice
experiment. An asterisk (*) indicates significant difference between
values (P = 0.003). P, preferred; NP, non-preferred.
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Reproductive success

Of the females that were reproductively successful (n = 12), 
five out of nine females successfully produced offspring 
with their preferred mate compared with seven out of nine 
with their non-preferred mate (Fig. 3). Two litters from 
preferred pairings were lost during very early pouch life prior 
to determining litter size, resulting in a total of 15 offspring for 
preferred pairings and 27 for non-preferred pairings. Six 
females in this study failed to reproduce. Of the females 
that successfully raised pouch young (n = 10), the average 
litter size was higher for non-preferred (3 ± 0.83) than 
preferred pairings (1.6 ± 0.60) (Fig. 3) when considered 
without the inclusion of other covariates (Fig. 3). Litter size 
was not influenced by allocation, maternal condition, paternal 
condition, paternal age, or strength of pair (Table 1). With the 
exception of the two lost litters, all offspring survived to 
weaning. The number of offspring that survived to weaning 
was not influenced by allocation, maternal condition, paternal 
condition, paternal age or strength of pair (Table 2). 

In the full model, sex ratio was observed to be influenced 
by paternal condition (Pr(>Chi)6 = 0.03) (Fig. 4), with more 
sons being sired by fathers in better body condition, but not by 
allocation, maternal condition, paternal age or strength of 
pair (Table 3). In the simplified model containing only 
preference, females paired with their preferred mate produced 
significantly more daughters (18% male, n = 2 sons,  9  
daughters) than females paired with their non-preferred mate 
(55% male, n = 15 sons, 12 daughters) (Pr(>Chi)8 = 0.04) (Fig. 5). 
Irrespective of allocation, all females produced slightly more 
daughters, resulting in a slight bias towards females across all 
litters (n = 38; 44% male) (Pr(>Chi)9 = 0.33). 

Table 1. Results and values of the GLM used to determine which
variables influenced litter size of those that survived to weaning in
fat-tailed dunnarts for both preferred (n = 3) and non-preferred
(n = 7) pairings.

Variables Estimate s.e. z value Pr(>|z|)

(Intercept) 1.8765 0.5390 3.4810 0.000499***

Allocation −0.4818 0.5624 −0.8570 0.3916

Maternal condition 0.1565 0.1158 1.3510 0.1766

Paternal condition 0.2808 0.2280 1.2320 0.2181

Paternal age −0.0016 0.0012 −1.4170 0.1565

Strength of pair −0.5789 1.4496 −0.399 0.6896

Total offspring for preferred pairings was 15, and 27 for non-preferred pairings.
Average litter size was 1.6 ± 0.60 for preferred and 3 ± 0.83 for non-preferred
pairings.
An asterisk (*) indicates a significant difference between values.

Table 2. Results and values of the GLM used to determine which
variables influenced weaning success in fat-tailed dunnarts of those
litters that survived to weaning for both preferred (n = 3) and non-
preferred (n = 7) pairings.

Variables Estimate s.e. z value Pr(>|z|)

(Intercept) 0.4734 1.0059 0.4710 0.6380

Allocation 0.2364 1.6372 0.1440 0.8850

Maternal condition 0.1060 0.2199 0.4820 0.6300

Paternal condition −0.5973 0.9656 −0.6190 0.5360

Paternal age 0.0007 0.0027 0.2530 0.8000

Strength of pair −2.2736 3.7846 −0.601 0.548

Total offspring to survive weaning for preferred pairings was 15, and 27 for non-
preferred pairings.
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Fig. 3. Mean litter size produced by female fat-tailed dunnarts in
litters that survived to weaning with preferred (n = 3) and non-
preferred (n = 7) mates, with one individual classed as an outlier (○).
The box indicates the interquartile range around the median (black
line) and vertical error bars. An asterisk (*) indicates a significant
difference between values. P, preferred; NP, non-preferred.
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Fig. 4. Relationship between paternal body condition of fat-tailed
dunnarts and offspring sex ratio (% male), with females paired with a
male in better condition siring more sons ((Pr(>Chi)6 = 0.03)).

137

www.publish.csiro.au/zo


B. P. Gill et al. Australian Journal of Zoology

Table 3. Results and values of the GLM used to determine which
variables influenced sex ratio of those that survived to weaning in
fat-tailed dunnarts for both preferred (n = 3) and non-preferred
(n = 7) pairings.

Variables d.f. Deviance Resid. d.f. Resid. Dev Pr(>Chi)

NULL 9 12.9116

Allocation 1 3.9039 8 9.0077 0.04817*

Maternal condition 1 0.3467 7 8.661 0.556

Paternal condition 1 4.4924 6 4.1686 0.03405*

Paternal age 1 0.1411 5 4.0275 0.70716

Strength of pair 1 0.0461 4 3.9814 0.82991

Females in preferred pairings produced more daughters (18%male, n = 2 sons, 9
daughters) compared to non-preferred pairings (55% male, n = 15 sons, 12
daughters).
P, preferred; NP, non-preferred.
An asterisk (*) indicates a significant difference between values.
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Fig. 5. Percentage of offspring sex ratio (% male) produced by female
fat-tailed dunnarts in those litters that survived to weaning with
preferred pairings producing more daughters (18% male, n = 2 sons,
9 daughters) compared with non-preferred pairings (55% male,
n = 15 sons, 12 daughters). P, preferred; NP, non-preferred.

Discussion

This was the first investigation of mate preference based on 
chemosensory cues in the fat-tailed dunnart. Although all 
18 females exhibited a strong preference for individual males 
by spending significantly more time with one scent, incorpo-
rating female mate choice into the fat-tailed dunnart captive 
breeding program did not increase immediate reproductive 
output (litter size or weaning success). Only 12 of the 18 
females produced young, with only 10 of the 18 females 
successfully weaning their young; three out of nine females 
paired with their preferred and seven out of nine with their 
non-preferred mate. Surprisingly, a non-significant trend 

indicated that females paired with their non-preferred mate 
produced larger litters than those with their preferred mate. 
Mate allocation did not influence offspring weaning success, 
with all females weaning their litters, with the exception of 
two litters from preferred pairings that were lost soon after 
birth. However, loss of pouch young is not unexpected in 
fat-tailed dunnarts, with approximately 10% of litters lost 
before weaning (Bennett et al. 1989). 

The lack of influence of mate allocation on offspring litter 
size or weaning success was unexpected as previous studies 
(Drickamer et al. 2000; Martin and Shepherdson 2012) 
showed increased reproductive output from incorporation 
of female mate choice. In the closely related stripe-faced 
dunnart, females paired with their preferred mate based on 
olfactory cues had a greater number of matings, greater 
number of pregnancies per oestrous cycle and shorter time 
to conception than females paired based on pedigree alone 
(Parrott et al. 2019). Similar results were obtained in another 
marsupial species, the eastern barred bandicoot, in which 
females paired with their preferred mate had a shorter time 
to conception and significantly more litters born to females 
paired with their preferred than non-preferred males (Hartnett 
et al. 2018). However, as found in our results, litter size was 
also not influenced in either the stripe-faced dunnart (Parrott 
et al. 2019) or the eastern barred bandicoot (Hartnett et al. 
2018). Our results depict a lower-than-average litter size 
for this species in comparison to other captive studies (Ewer 
1968; Bennett et al. 1989), with Tyndale-Biscoe and Renfree 
(1987) noting an average litter size of 7.5 young. The possible 
reason for this may relate to the significant population decline 
of the research colony prior to this study (see above in colony 
details). This allowed issues such as inbreeding, bottlenecks 
and lack of genetic diversity to occur within a population 
consisting of largely older individuals with restricted breeding 
opportunities. This could also provide an explanation for why 
six of the 18 females failed to reproduce. 

Unlike offspring litter size or weaning success, mate 
allocation was observed to influence offspring sex ratios in 
the fat-tailed dunnart. Females paired with their preferred 
mate produced more female offspring (81%) compared with 
those paired with their non-preferred mate (44%). Irrespective 
of allocation, a slight bias toward female offspring was 
observed in this study (55% female, n = 38). However, due 
to the nature of this study, the small sample size and 
unbalanced design requires results to be taken with caution. 
Interestingly, our findings did not show a relationship between 
maternal condition and offspring sex ratio, a theory commonly 
suggested in mammalian sex allocation (i.e. Trivers–Willard 
hypothesis: Trivers and Willard 1973). The proximate explana-
tions for how offspring sex allocation is achieved is largely 
unknown (see review by Robert and Schwanz (2011)) and 
something we did not explicitly test, although the lack of 
maternal influence suggests there is no evidence for the 
Trivers–Willard effect on fat-tailed dunnarts in this study. 
Our results, in which offspring ratio was skewed towards 
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daughters when paired with a preferred mate, may relate to 
the fat-tailed dunnart's life history traits. Females live up to 
two years and are capable of raising two litters per year, 
whereas males survive less than 15 months, coinciding with 
only one breeding season (Morton 1978a). For small marsupials 
with a reproductive strategy involving few breeding opportu-
nities, heavy emphasis is placed on having successful litters in 
order to maximise overall reproductive success (Russell 
1982). In captivity, male fat-tailed dunnarts have highly 
variable and unpredictable reproductive success, with Bennett 
et al (1989) noting that one-third of males never produced 
young, one-third only ever produced one litter, and only a 
few individuals contributed to multiple litters. Acknowledging 
that we do not know the reproductive success of males in the 
wild, a skewed sex ratio towards daughters for wild fat-tailed 
dunnarts could be beneficial if wild males also have the same 
highly variable and unpredictable reproductive success as 
captive males. Females reach sexual maturity more quickly 
and live longer than males (Morton 1978a), thus litters with 
more daughters will have an overall greater opportunity to 
produce more offspring themselves, therefore increasing the 
overall reproductive success for both sexes. 

Females also produced more sons when paired with a male 
in better body condition, which was further supported by a 
non-significant positive trend with increasing age of the 
male. This strategy can be advantageous for females as they 
will potentially produce more litters with sons that carry traits 
that will enhance the offspring’s access to mates, ultimately 
indirectly benefiting the mother (Fisher 1930). The production 
of more sons is commonly associated with local resource 
competition theories, where mothers produce more of the 
dispersive sex (most often males) to avoid competition with 
the philopatric sex (Cockburn 1989). However, the drifting 
home ranges used by fat-tailed dunnarts suggest otherwise. 
Home ranges of fat-tailed dunnarts can cover a large area, 
resulting in overlap of both sexes, an advantage when 
hunting prey where timing of food availability and food 
abundance can be unpredictable (Morton 1978b). This would 
typically suggest an increase in territorial behaviour; however, 
such behaviour was observed only in mothers defending nest 
sites when offspring were left in the nest while she foraged 
(Morton 1978a). Therefore, it is possible that theories such 
as local resource competition do not apply given the species' 
solitary nature with overlapping home ranges and weak 
territorial behaviour, and therefore no advantage to skewing 
sex ratios in order to reduce competition but instead overall 
lifetime reproductive fitness of an individual. 

With native species numbers declining at an alarming rate 
(Murphy and van Leeuwen 2021), the use of ex situ conserva-
tion, such as captive breeding programs, has become increas-
ingly important for species whose populations are no longer 
able to thrive in the wild. However, captive breeding 
programs face many potential limitations, and knowledge 
of the ecology of many native species and their captive 
husbandry requirements remain scarce. Common issues 

associated with captivity may relate to the colonies’ historical 
data and restricted sample sizes, especially in research 
colonies with variable funding, restricted space and enclosure 
availability that may inhibit breeding opportunities. This is 
particularly evident in species with increased longevity in 
captivity compared with in the wild, with individuals surviving 
for years past reproductive senescence (e.g. in the eastern 
barred bandicoot (Parrott et al. 2017) or Tasmanian devil 
(Farquharson et al. 2017)). Enclosure spaces may be filled by 
an ageing population, restricting the space available for 
breeding new generations (Parrott et al. 2017). If not carefully 
managed, such reduced breeding can result in bottlenecks and 
a loss of genetic variation, which has the potential to ultimately 
affect future reproductive output. 

Skewing sex ratios towards daughters may aid in rectifying 
historical issues with captive colonies until populations 
stabilise. Biased sex ratios in captivity are most commonly 
associated with an overproduction of male offspring (Chargé 
et al. 2014), which may skew population structure and/or 
reduce reproductive opportunities, and ultimately affects 
the target size required for long-term success (Faust and 
Thompson 2000). Therefore, an ability to skew sex ratios 
towards females would assist in rectifying male biased 
captive populations, increase population growth due to more 
reproductive opportunities, and consequently decrease issues 
such as inbreeding depression and genetic drift (Wedekind 
2002). Considering that key objectives in many captive 
breeding programs are to create insurance populations for 
declining wild populations, and/or the potential reintroduction 
of individuals back to the wild, introducing measures to skew 
sex ratios towards daughters should be explored. 

Our results showed that female fat-tailed dunnarts made 
clear mate choices, demonstrated by the differences in time 
spent with a male olfactory cue. However, this choice did not 
affect litter size or weaning success. Despite this, offspring sex 
ratio was observed to be influenced by mate choice, with a 
skewed sex ratio towards daughters. The life history of this 
species suggests that producing more daughters will be 
advantageous to increasing the overall reproductive fitness 
of parents. The fat-tailed dunnart has recently been accepted 
for classification as Vulnerable in Victoria under the Flora and 
Fauna Guarantee Act 1988 (FFG-SAC 2022; Victorian 
Government 2023). For a species that has suffered local 
extinction and is likely to suffer continued decline across its 
wild range (Scicluna et al. 2021; Steele and Brunner 2021; 
FFG-SAC 2022; Homan 2022; Victorian Government 2023), 
such knowledge of breeding outcomes and the ability to 
skew sex ratios could be beneficial. Although not all 
mechanisms and factors of sexual selection could be 
explored in this study, our results provide an insight into 
the potential improvement of captive colonies and the 
importance of understanding instinctual behaviours in a 
captive setting. 
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