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Abstract 

Energy investment in the production of offspring is gender dependent in rodent 

populations. Females expend more energy than do males, thus males must engage in competition 

to be considered by females, giving females the opportunity to select the fittest male. Male rodents 

mate strategically in order to have the highest likelihood of reproductive success with the lowest 

possible energy investment. Non-pair bonding males assure reproductive success by preferentially 

mating with previously unmated females. Unfamiliar females typically wander from their home 

areas, after mating females tend to return to their home territory, thus males are not required to 

perform paternal care. They exhibit an “all-or-nothing” mating strategy with previously mated 

females by increasing their mating duration and preejaculatory intromissions. In contrast, females 

of pair bonded species prefer socially dominant males that do not exhibit aggressive grooming 

behaviors and exhibit affiliative behavior. In these species, males have the highest reproductive 

success when they form a strong pair bond. Pair bond strength is maintained by high affiliative 

behavior including vocalizations, avoiding aggressive behavior, and abstaining from extra-pair 

copulations. Thus, we propose that females of non-pair bonding species prefer males that display 

a dominant phenotype, while females of pair bonding species prefer males that are likely to offer 

paternal care, pair bond, and refrain from aggressive behavior. Pair bonding research in rodents 

can have significant translational value to human relationships. Modified paradigms are needed to 

ensure pair-bonding rodent research can be modeled in humans. 

 

 



Introduction 

 Sexual selection influences how animals choose their mate to pair bond with because of 

the necessity to focus on reproductive success (Madrid et al. 2020). Intersexual communication 

during courtship in rodents is characterized as a male demonstrating fitness to a female. Female 

rodents have a higher energy investment in offspring production than males (Gore et al. 2018). 

Females choose the fittest male to father their offspring and the male must subsequently reaffirm 

this choice. Both males and females are producing and receiving signals throughout the courtship 

process (Ronald et al. 2020). Signaling can indicate sexual receptivity and act as a form of sexual 

competition. Thus, requiring signals to be diverse and non-redundant to ensure that some form of 

signaling reaches the intended recipient (Partan et al. 2005). Courtship and sexual selection occur 

differently based on the mating habits of the rodents in question. Rodent strains are either 

monogamous (pair-bonded) or polygamous. Polygamous rodents engage in copulations with both 

familiar and unfamiliar counterparts. Offspring of polygamous rodent strains receive only maternal 

care. Monogamous rodents form a pair bond, similar to a marriage in humans. Offspring of 

monogamous rodent strains receive both maternal and paternal care and the pair bond continues 

to reside and raise offspring together. 

 

Non-pair Bonding 

When a group of a male Long-Evans rats are exposed to a sexually receptive female, males 

compete for access to that female. Males perform bite-kick attacks in order to immobilize their 

counterparts. Dominant males have the most success in immobilizing their competitors, suggesting 

that a dominant phenotype is advantageous in competing. When the competing males are tethered 

so that they can’t physically interact with each other and so the receptive female must approach 



them, females significantly prefer males that were dominant and attacked other males during the 

initial test (Carr et al. 1982). 

Males must exhibit sexual selection when exposed to multiple sexually receptive females 

(Ramm et al. 2014). Male rodents must make adjustments in mate choice and behavior in order to 

maximize reproductive success (Parker 1998; Parker and Pizzari 2010). Male mice prefer mating 

with previously unmated and unfamiliar females. Unfamiliar females have a tendency to wander 

into dominant male territories pursuing mating opportunities. Mating with unfamiliar females is 

potentially advantageous from an energy investment perspective. Unfamiliar females usually 

return to their home territory after mating. In these cases, males do not have to provide paternal 

care (Ramm et al. 2014).  

If unfamiliar or unmated females are not available males will still consider mating with 

previously mated females, however they exhibit behavioral differences during mating. Mating with 

previously mated females decreases likelihood of reaching reproductive success. Previously mated 

females could potentially already be pregnant, a scenario that makes reproductive success 

impossible. Therefore, mating with previously mated is a potentially low-reward scenario. To 

counteract the low-reward scenario males exhibit an “all-or-nothing” mating strategy by mating 

for a significantly longer period of time and performing significantly more pre-ejaculatory 

intromissions (Ramm et al. 2014).  

Intersexual communication prior to mating is classically thought of us a male 

demonstrating fitness to a female with the female choosing the fittest male to produce offspring. 

However, during courtship both males and females are producing and receiving signals because 

males must subsequently reaffirm the female’s choice (Ronald et al. 2020). Signals are typically 



diverse and non-redundant to ensure that some form of signaling reaches the intended recipient 

(Partan et al. 2005). 

Ultrasonic vocalizations function as a courtship signal that can be exchanged by both males 

and females (Ronald et al. 2020). Male house mice pursue females by chasing them. Females that 

produce USVs move slower than females that do not produce vocalizations. Female USV 

production could indicate sexual receptivity (Neunuebel et al. 2015). Females also produce 

squeaks to indicate a lack of sexual receptivity or rejection (Finton et al. 2017). 

USV production in males also indicates sexual interest. Males increase USV production 

and investigation of females when exposed to female urine odor. USV production is a signaling 

mechanism to indicate behavioral sexual receptivity to males, while female urine odor is also able 

to indicate physiological sexual receptivity. Male USV production occurs the most when males 

are exposed to both female USVs and urine odor. However, the presence of female USVs alone 

do not significantly increase male investigative behavior or USV production. This affirms the 

importance of multimodal signaling as the presence of auditory and olfactory signals together 

increase the overall signals received. Acoustic signals are transient in nature, while olfactory 

signals can be detected for a prolonged period of time. Male investigative behavior and USV 

production indicate that chemical information in the form of olfactory signals play a dominant role 

in courtship signaling relative to auditory signals (Ronald et al. 2020). 

 

Pair Bonding 

 During initial courtship and formation of a pair-bond ultrasonic vocalizations (USVs) are 

exchanged frequently between females and males. USV subcategories include: simple sweeps, 

complex sweeps, sustained vocalizations, and barks. During interaction complex sweeps and 



sustained vocalizations are considered affiliative behavior, while barks are considered aggressive 

behavior. From the initial meeting to day 7 as a member of a pair bond, mice show a significant 

decrease in aggressive behavior. In an experiment conducted by Pultorak et al, pair bonds are 

temporarily separated and rehoused with a sexually receptive opposite sex partner for 7 days. Upon 

reunion of the pair bond, pairs exhibit decreased affiliative vocalizations and increased aggressive 

vocalizations. Pair bonds that did not experience decreased paternal care and offspring viability 

maintained the rate of high affiliative vocalizations and low aggressive vocalizations exhibited 

prior to the infidelity challenge (Pultorak et al. 2018). 

The presence of a female increases dominant and aggressive behaviors between males 

competing for the female. Social hierarchies within the group of males remain consistent 

regardless of the presence of the female. Males that displayed continued dominance over all peers 

are labeled the alpha male. During exposure to a female, the alpha male displays a higher flank 

mark than its submissive counterparts. Alpha males also invade the home area of the submissive 

males to flank mark, while submissive males remain in their own territory (Huck et al. 1985). 

Male odours are dependent on blood testosterone concentration. Socially dominant males 

have significantly higher testosterone levels than their subordinate peers (Kruczek et al. 1994). 

Sexually receptive female bank voles preferentially pair with socially dominant males over 

subordinate males. In the odour preference test, receptive female bank voles spent significantly 

more time investigating odours of dominant over submissive males, both in the presence of the 

odours and the presence of urine applied to the corresponding male. Cumulatively, this suggests 

that concentration of testosterone odours correlate with male social status (Kruczek et al. 1997).  

Male aggressive and affiliative behavior can also be displayed by grooming behavior 

during courtship. Females were given free access to two tethered males. The average female spent 



82.4% of the time with their preferred male, showing strong preference. Of the preferred males, 

30 out of 34 exerted gentle grooming behaviors. 20 out 34 of the non-preferred males exhibited 

aggressive grooming behavior. Females spent significantly more time in defensive postures when 

interacting with non-preferred males (Rogovin et al. 2017). 

Female rodents of pair-bonding strains significantly prefer the alpha male of the social 

hierarchy. Alpha males invade home territory of peers and exhibit aggression within the social 

hierarchy (Huck et al. 1985). Females prefer social dominance and will avoid males that exert 

aggressive grooming behavior and vocalizations (Rogovin et al. 2017; Pultorak et al. 2018). 

 

Humans 

 In pair bonding rodents and humans, females must rely on males for resources and paternal 

care. To enhance reproductive success females, base their selection of mate on their resource 

quality (Qvarnstrom et al. 1998).  

Alike with pair bonding rodents, blood testosterone concentration plays a role in social 

hierarchies. Social status affects female sexual selection. Maintaining a dominant social position 

within a social hierarchy requires low fearfulness and increased sensitivity for social threats. 

Testosterone promotes motivation to achieve social dominance (Eisenegger et al. 2011).  

 Male dominant behavior increases female sexual attraction, but not their overall likeability 

(Sadella et al 1987). While dominant traits are physically attractive and indicate ability to obtain 

resources, females must take into consideration male willingness to share resources and offer 

paternal care (D. M. Buss, 1995; D. M. Buss and Schmitt, 1993). Jensen-Campbell et al. concluded 

that altruistic men were rated as more sexually and physically attractive, and more desirable. 

Women also found dominant males more sexually and physically attractive than non-dominant 



males when males are highly agreeable or exhibit high affiliative behavior. Both dominant and 

non-dominant males have low desirability when they have low agreeability or exhibit low 

affiliative behavior (Jensen-Campbell et al. 1995). 

 Modifications to current research paradigms are necessary to ensure that pair-bonding and 

human research have the greatest possible translational value. My experimental design proposal is 

as follows: 

 

Pair Bonding Rodents 

Phase One. Late adolescent male voles would be placed in a cage together in groups of four. The 

cage would be novel and therefore an unfamiliar environment for all of the males. Males would be 

in the shared cage for four hours a day for the duration of the experiment. Beginning on 

experimental day eight, tube testing for housing groups would be conducted. Each male would 

compete against the other three males in its respective housing group. Tube testing would proceed 

daily until the established social hierarchy is consistent for three days. USVs would be measured 

and characterized during tube testing to distinguish aggressive versus affiliative vocalizations.  

 

Phase Two. A box would be separated into five sections, four of them being quadrants and one of 

them being a central section accessible from any of the four quadrants. Boxes would be made from 

an opaque material such that a male in one quadrant is unable to see who is in neighboring 

quadrants. Males from one housing group would be placed in their own quadrant. Males would be 

loosely tethered, allowing them to explore the entire region of their quadrant, but not allowing 

them to exit the quadrant and explore other males’ territory and also not allowing them to enter 

the central section. Tethers restrict potential copulation ability while allowing males to interact 



and exchange olfactory and auditory signals with experimental female. During testing the 

experimental female would be placed in the central chamber and allowed to freely explore all four 

quadrants. Female behavior including vocalizations and defensive postures would be recorded to 

analyze how females react to males on various tiers of the social hierarchy. 

 

Phase Three. Female experimental voles and their most preferred male would be grouped together 

for four hours a day. Aggressive and affiliative behavior and vocalizations of both the male and 

female vole would be recorded. 

 

Human 

Phase One. Single, heterosexual, young adults, who are looking for a dating partner would be 

recruited for this study. Groups of four or five young adult male roommates would be recruited. 

Females would be recruited as individuals, and not in groups. Social hierarchies would be 

established amongst the roommates. There are challenges in understanding social hierarchies in 

humans. Hierarchies are based on perceived dominance, strength, threat, and intimidation (Cheng 

et al. 2020). On experimental day 8, males would be asked to rank other males on how they 

perceive other males regarding dominance, strength, threat, and intimidation. All vocalizations and 

behavior would be classified as either affiliative or aggressive by a blinded third party. 

 

Phase Two. Males would be given photos of potential females that they could meet. A female that 

they all viewed as attractive would be selected for experimentation. The group of males and one 

of the experimental females would meet in a neutral location. Phones and similar devices would 

be taken from participants. Females and males would be told prior to meeting that one female and 



the male of their choosing will be able to go on a date and potentially pursue a romantic 

relationship. The group would have access to board games that they had the option of playing. 

 

Phase Three. Females would go on a date with the male of their choosing. Experimenters would 

follow-up with both the female and preferred male to assess how their relationship progressed 

following the initial interaction. 

 

Expected Results 

 In phase one, it would be expected that regardless of female exposure social hierarchies 

will remain consistent, regardless of the increase in overall aggressive behaviors. In phase two, 

females would be expected to strongly prefer females that exhibit low aggressive behavior and 

high affiliative behavior. In phase three, affiliative behaviors in both males and females would be 

expected to increase. Humans and voles would be expected to have similar behavior in all phases 

of the trial. Developing paradigms with high translational value across species can assist in 

understanding female mate choice and how parent relationships affect welfare of offspring. 
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