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Module 1, Video 6: Sex differences in adult social behavior

In the past three decades, rapid advancements in molecular, cellular and genetic
methodologies, as well as the implementation of cutting-edge imaging technologies, have
accelerated our understanding of animal and human social behavior. While the most frequently
studied aspect of adult social behavior is the regulation of sexual and reproductive behaviors,
other social behaviors such as social recognition, social learning, and aggression have also been
shown to have sex-specific patterns of regulation. Gonadal hormones regulate most social
behaviors. Many of these sexually dimorphic differences may be linked to the higher incidence
and/or severity of risk-taking disorders, impulsive behaviors, and disorders characterized by
altered social behavior such as autism spectrum disorders [1], early onset schizophrenia [2],
and violence and impulsive aggression [3, 4]. Differences in social behavior may also underlie
sex-specific differences in the response to social stressors [5]. In this video, we will take a look
at what is known about sex differences in social behaviors, focusing on social recognition, social
learning and aggression.

Social recognition, or the ability to tell the difference between conspecifics, is important for
social interactions. This behavior is important for the establishment and maintenance of social
hierarchies, social bonds, mate choice, territoriality, and avoidance of infected or sick
individuals.

Most evidence supports that estrogens enhance social recognition in adults of both sexes, with
little to no effect during the sexual differentiation phase of development [6, 7] [8] [9] [10] [11].
The alpha form of the estrogen receptor appears dominant [12-14], although a role for
estrogen receptor-beta and possibly androgen receptors cannot be completely ruled out [6].
The neural circuitry that controls social recognition is not fully understood but likely involves
many of the brain regions known to exhibit sex differences and contribute to the expression of
sex-typic behaviors. In males, the lateral septum is particularly implicated in social recognition
[15, 16], whereas the medial amygdala is critical in both sexes [17].

The mechanism by which estradiol enhances social recognition is not well understood but it
may diverge in the two sexes since the neuropeptide arginine vasopressin is necessary for social
recognition in males but not females [18, 19]. Thus, understanding the commonalities and
differences between males and females in how estrogens regulate this essential behavior is
important.
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Estrogens also regulate another form of social behavior known as social learning. Social learning
is learning that occurs by observing or interacting with another animal, typically a conspecific,
or its products, like urine. Social learning is observed in both males and females but the two
sexes are often not directly compared or the sex of the subjects is not reported [21]. Observed
sex differences in social learning among rodents, birds, and humans have largely indicated that
females outperform males, although in humans, these sex differences may be more nuanced
[6]. Research on the role of sex hormones in social learning to date has been limited to the
effect of estrogens in females, particularly for one type of social learning—the social
transmission of food preferences [6, 22, 23]. In rodents, when an observer interacts briefly with
a conspecific—or demonstrator—that has eaten a distinctively flavored food, the observer’s
preference for whatever food the demonstrator ate is enhanced through social learning.

This behavior is evolutionarily adaptive, is observed in mice, rats, and gerbils and fluctuates
with natural hormonal changes during the estrous cycle, pregnancy, and parturition [24-27].

There is ample evidence that estradiol plays a critical role for both blocking and enhancing
social learning; the outcome is mediated by which receptor is activated [20, 28, 29]. However,
the brain regions underlying social learning are still unknown.

Outside of mating, the best studied type of social behavior is aggression. Aggression occurs in
both males and females, but the type of aggression is different. Males exhibit the more
commonly studied overt territorial aggression while females exhibit non-overt, dominance-type
aggression to an unfamiliar same-sex intruder [6, 30, 31].

Aggression in a number of species is dependent on sex hormones. Gonadectomy reduces
aggression in both males and females, which can be reversed in both sexes with estradiol or
androgen treatment [20, 30-33]. Hormone effects on aggression are both organizational and
activational [33, 34].

While hormonal regulation of aggression is similar between sexes, the mechanisms of action
are different. As observed using knockdowns or knockouts, estradiol receptor alpha promotes
male and inhibits female territorial aggression [35-37]. Opposite effects have been observed
with estradiol receptor beta [38]. Further studies are needed to determine if estradiol receptor
alpha and beta sex differences correspond to different brain regions implicated in different
types of aggression.
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Hormones, particularly estradiol, play an important role in all types of social behavior but the
role of hormones in social behavior regulation is particularly important around the time of
puberty and sexual maturity. At puberty, males of most rodent species disperse and must
establish their own social relationships with conspecifics of both sexes. Hormone enhancement
of their social behavior is thus adaptive for survival. For females, regardless of whether they
remain in their natural burrow (as is the case for rats) or disperse like mice, must also establish
social hierarchies with other females after puberty. Thus, it is also adaptive for gonadal
hormones to regulate social behavior in females [39, 40].

As we have demonstrated in this video, social behaviors are critical to many aspects of animal
survival and many social behaviors show clear differences between males and females, which
could be the result of sex hormones or sex differences in social peptides such as AVP and
oxytocin. Studying the potential for sex differences in social behavior in rodents is important,
particularly when it comes to modeling human conditions in which social interactions go awry,
including autism, which shows a 4:1 male preponderance. But more work is needed to
understand the mechanism for the divergent patterns in hormone receptor-specific regulation
of social behaviors. These described differences are also important to consider when designing
studies that incorporate social behaviors.
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