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ABSTRACT 

In some mammalian species, chemical cues are essential in communications 

among conspecific individuals. Mate choice is facilitated by sexual pheromones, which 

distinguish and select mates' qualities. However, female mate choice mechanisms still 

need to be clearly understood. This study evaluated the use of olfactory cues in the 

mating decision in albino mice Mus musculus. Bedding-based olfactory preference test 

was used for testing female response toward bedding odorants of preferred and non-

preferred males. Female visiting rate and duration of the two odorants of select and 

non-preferred male bedding were measured. The results showed a significant female 

preference for bedding scents of preferred males, which correlated with female visiting 

rate and duration in the live test of mate choice. The results suggest that female mice 

can evaluate potential mate quality and use olfactory cues in mate choice as females 

discriminate the scents of preferred male beddings from non-preferred ones. 
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INTRODUCTION 

Cues are traits assessed during mate choice and influence the mating choice. They 

can be phenotypic traits (morphological, acoustic, olfactory, tactile or behavioural 

traits) or resources defended or produced by the signaller, such as a nest or a territory 

[4]. The traits can arise in another context than communication and be maintained due 

to selection pressures other than selection for communication. For instance, the body 

shape and running velocity under survival selection can be used as fitness measures at 

the same time [27]. The characteristics have also been altered for communication, such 

as colourful ornaments or courtship behaviours, and increased attractiveness to the 

opposite sex [4].  

In recent years, the probability that mate choice is based on multiple signals rather 

than on one has received increased attention [27]. Sexual displays are often quite 

complex and involve several different signal components. For example, males are often 

brightly ornamented in bird species and perform elaborate songs. Many fish species 

combine vivid colours with conspicuous displays of courtship [34]. Furthermore, males 

of many species provide females with specific resources, such as a territory or nest, 

which can be used as a signal in the choice of the female. For instance, in the mating 
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system of the three-spined stickleback fish Gasterosteus aculeatus, females use both 

visual and olfactory signals in the choice of mate. In addition, females in some species 

maximize offspring primary histocompatibility complex allele number through 

olfactory indications [37] to improve immunocompetency [26]. Visual signs are used 

to achieve direct advantages in the form of parental benefits, such as nuptial colouration 

and male size [2, 39, 20], and indirect advantages in the form of good genes [25]. It is 

more complicated when the complexity of the actions of mate choice is considered. 

Recent studies showed that in different contexts, females might use different signs, they 

may vary in the attention they pay to different signs or in the number of signs they 

evaluate, and that interaction between signs may obscure preferences for single signs 

[21, 28, 16].  

Three key mechanisms have been suggested to understand how mating 

preferences emerge and select for sexual signals in the opposite sex, direct fitness 

benefits of choices, including enhanced parental care that increases the survival of 

offspring and indirect genetic advantages in the form of the inheritance of viability 

genes [50]. The runaway mechanism of mate choice manipulation of pre-existing 

sensory biases in the receiver and attractiveness in the evolution of sexual signals. 

These mechanisms can function alone or in combination [40].  

Changes in the environment may influence mate choice by placing constraints on 

the use of signals of mate preference. Mate choice is always based on many signals that 

convey either the same or different information [4]. However, the capacity to test the 

signs can differ according to environmental conditions [48].  

Olfactory cues are an essential source of information for female mammals, 

which plays a significant part in the choice of mate [9]. Female uses olfactory signals 

for collecting data on various male characteristics, such as parasitic free [30], the status 

of superiority [13, 9] as well as genetic compatibility of male [3]. It is also possible that 

females would have high kin identification in such animals' mate choice in mammals 

[35, 22]. This study aimed to investigate the role of olfactory cues in the mating system 

of albino mice.  

MATERIAL AND METHODS 

 Study species  

Mice Mus musculus Linnaeus, 1758 of albino strain are polyestrous mammals 

with only a small decline in fertility during the winter. In females, sexual maturity takes 

place gradually from the age of 3–4 weeks. All females older than 8 weeks can 

reproduce, exhibiting a typical cyclic sexual activity. Male puberty occurs slightly 

earlier, sometimes as early as 5 weeks, usually at 6–8 weeks. The female reproductive 

cycle, the estrous cycle, lasts 4–6 days [10]. Synchronization of the estrous cycle by the 

presence of a male has been reported [47]. It is a consequence of the dispersion in the 

environment of volatile pheromones that are at high concentration in the urine of males, 

these pheromones interfere with the hormonal control of the female cycle [10]. The 

gestation period ranges from 19 to 22 days, but this depends upon a number of 

parameters. For example, females that are pregnant for the first time (primiparous) 

deliver their progeny up to 1 day before multiparous females. At the end of the gestation 

period, the behaviour of the female changes dramatically. The female is hyperactive 

and prepares a nest in the corner of the cage, preferably in a darker area. Lactation for 

newborn mice normally lasts 3–4 weeks depending on the number and degree of vigour 

of the pups. In the mouse, the number of neonates is frequently greater than the number 

of nipples, but this is not a problem, and the pups are generally fed adequately. From 
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the age of 12–14 days, the young mice start eating solid food, and the mother's milk is 

only a complement to the diet [10]. 

Husbandry  
1- Animals were bred with genetically distant individuals as far as possible in 

order to keep a healthy, outbred population. Animals were separated from opposite-sex 

siblings before sexual maturity and from same-sex siblings shortly after that. Then 

animals were housed in individual tanks (35x23x22 cm) with wire mesh lids until 

required. 

2- Cages containing either females or males were kept on different racks, and a partition 

prevented visual contact between males and females.  

3- Mice were fed ad labium with seed mix (consisting mainly of millet and some 

sunflower seeds) enriched with insect additive (Orlux Insect Patee, Versele-Laga, 

Deinze, Belgium). Water was provided from a dropper bottle.  

4- Each cage was contained an artificial shelter, wood shavings for bedding, straw for 

nest building, and at least one dried millet spray, suspended from the lid, as a source of 

food and behavioural enrichment, in terms of food handling and climbing.  

Olfactory preference test 

live preference test 

A clear glass terrarium measured (28x35x58.5 cm) (Figure 1) was used for this 

test. Two males were assigned randomly for each side chamber. The males were left to 

habituate to the chambers for 1 hour. Following the habituation period, the barriers 

between the chambers were removed, allowing the female, in oestrous condition, free 

movement throughout the arena. The animals' behaviour was recorded for 30 min, and 

the number and duration (to the nearest second) of the female visits to each side of the 

arena were recorded as measurements of mate preference. The experiment was 

replicated 10 times with 10 females in oestrus and 20 males. 

 

 
Figure1. Experimental area for live mate choice test. 

Odour preference test 

Bedding-based olfactory preference test was used to evaluate the effect of 

chemical cues on mating decisions. The transfer of soiled bedding from the male's cage 

was intended to mimic the naturalistic reality under which a female would encounter 

the scent of nearby males rather than the individual. This test was used to compare the 

female's level of interest in bedding odorants of preferred and non-preferred male. The 

two odorants were presented for only one trial, side by side and simultaneously rather 

than sequentially. The preference was determined by comparing the female visiting rate 

and duration between the two odorants of preferred and non-preferred male bedding. 

Preferred and non-preferred males ( the males were tested for mate preference in 

a previous live preference test) individually were housed one week before the test with 

200 ml of wood shavings. A 100 ml solid male bedding of preferred and non-preferred 
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males was transferred to the experimental terrarium. The same females used in the 

female mate choice experiment (above) were used for the olfaction test. Females were 

checked for oestrous condition using a vaginal smear, housed in a clean testing cage, 

and left to habituate for 1h. Female housed in the central chambers of the experimental 

terrarium (figure 1), female s' behaviour was recorded for a30 min, the number of visits 

and duration spent by females in each chamber was counted. A total of 10 independent 

replicates were completed. A video recorder was placed from the side of the cage and 

used to record the behaviour. The experiment was replicated 10 times with 10 females 

in oestrus and 20 bidding males. 

Statistical analysis 

All data were tested for normality using a Kolmogorov–Smirnov test and for 

equality of variance using Bartlett’s test. Two-sample t-tests was used to compare the 

number of visit and duration of female sniffing each bedding of preferred and non-

preferred males. Two-way ANOVA was used to test all the interactions between 

dependent variables. 

RESULTS 

Olfactory preference test 

Live preference test 

The results showed a significant difference in female visiting rate for preferred 

males (6.70±0.50) and non-preferred males (4.90±0.53) (T-Test: DF =16, T=2.49, 

P=0.023 ) (Fig2 ). Additionally, There was a significant variation in female visiting 

duration for preferred males (28.22±2.1) and non-preferred males (14.77±3.1)(T-Test: 

DF =14, T=3.60, P=0.003) (Fig3). 
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Figure2 . Male-female visiting rate (±SE) concerning male preference. 
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Figure 3. Male-female visiting duration (±SE) about male preference. 

Odour preference test 

A significant difference was detected in the female visiting rate of male bedding 

of preferred (5.25±0.17) and non-preferred male(3.55±0.20) (T-Test: T=6.50, P=0.000, 

DF132) (Fig4 ). In addition, there was also a highly significant difference in female 

visiting duration for male bedding of preferred male (41.6±2.0) and non-preferred male 

(22.5±1.3) (T-Test:T=8.17, P=0.000, DF131) (Fig5).  

Furthermore, male bedding preference significantly affected female visiting rate 

and female visiting duration (Two-way ANOVA: F=13.72, P=0.001), (Two-way 

ANOVA: F=17.99, P=0.000) respectively. On the other hand, male chamber (Two-way 

ANOVA: F=0.09, P=0.766), (Two-way ANOVA: F=1.01, P=0.322) respectively, and 

male bedding preference × male chamber interaction (Two-way ANOVA: F=0.81, 

P=0.0375), (Two-way ANOVA: F=0.96, P=0.333) respectively, showed no effect on 

female visiting rate and female visiting duration. 

. 

0

5

10

15

20

25

30

35

40

45

50

Preferred male bedding Non-preferred male bedding

M
e

an
 o

f f
e

m
al

e
 v

is
it

in
g 

ra
te

 (
3

0
 m

in
)

 
Figure 4. Male-female visiting rate (±SE) about male bedding preference. 
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 Figure 5. Male female visiting duration (±SE) about male bedding preference.  

DISCUSSION 
In the odour test, females showed a significant preference for bedding scents of 

preferred males, which correlated with female visiting rate and duration in the live test 

of mate choice. Although most studies have focused on birds, and fish, in the more 

ornamental animal groups [6], more and more studies have provided evidence in recent 

years that female mammals prefer to mate with the male who supplies them with their 

offspring fitness advantages [17, 38].  

The results showed a significant preference for specific males as mats which has 

been proved in other studies. For example, numerous studies have highlighted the 

various factors affecting the choice of female mate in mammals. A desire to mate with 

dominant males is one of these variables in rodents [13, 42, 7, 8] In primates and 

carnivores, females also appear to favour often dominant partners [15, 46, 43]. As well 

as, females tend to mate with unmated males in some rodents, which will have an 

improved sperm count [14, 31]. In several mammalian species, males with higher 

testosterone levels are more aggressive and colourful, and females tend to mate with 

these males [41, 46]. While in others, vocal displays can influence the choice of the 

female [12, 24, 5]. 

  Inbreeding avoidance is another widespread form of mate preference among 

mammals, with kin recognition which plays an important role [11]. In other species, 

such as ground squirrel of California, Otospermophilus beecheyi and primates such as 

chimpanzees Pan troglodytes, dispersal patterns in which only one the dispersion of the 

sexes makes matches between close relatives impossible [36]. 

 Here the results suggest that female mice use olfactory cues in mate choice as 

females discriminate the scents of preferred males’ beddings from non-preferred ones. 

Olfactory signals are a valuable source of information for female mammals that play a 

key role in mate selection [9]. Chemical cues provide females information about various 

male traits, for instance, parasitic load [30] and the major histocompatibility complex 

(MHC) genes [3]. Several studies in mice have shown disassortative mating by MHC 

haplotype [49, 33], and urinary olfactory cues are known to mediate MHC similarity 

cues [3]. Recent research indicates that females can choose genetically suitable mates 

using olfactory signals based on MHC-specific odours [19], and there is a large 

scientific support for major histocompatibility complex MHC-based mate choice [32, 

29]. Mate selection in this case is a self-referential mechanism involving the 

identification of MHC peptide ligands [26]. Pre-mating behavioural choices, as well as 
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post-mating fertilization or developmental incompatibilities, may all be attributed to 

MHC preferences [45, 44].  

 In conclusion, female albino mice seem to be selective in their mate choice and 

the mechanism is most likely linked with olfactory cues; high visiting rate and duration 

of females for preferred male bedding compared with non-preferred male bedding. 

However, olfaction's role in the reproductive biology of rodents needs more study by 

investigation of chemicals identities, the mechanisms and rates of chemicals release.  
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