Sex versus Gender: Are we there yet? A
biological location for gender, not sex.

Bobbi Tannett

INTRODUCTION

Until recently, two sexes and two genders were the
unshakable and universal components of Western
societies, often ferociously enforced. As centuries-
old compulsory categories, they had been
unproblematic in the fabric of the everyday, at least
for those who conformed.

Recent hypotheses have argued there is no natural
dichotomy of gendered behaviour and proposed a
merging of otherwise distinct categories for sex and
gender into a mosaic of sex/gender (Joel &
McCarthy, 2017; Joel et al. 2016; Joel, 2011).
However, this seems to detour around non-physical
behaviour relevant to reproduction.

This paper makes an original case for gender’s
biological emergence from the interconnected
networks of the reproductive axis. The signature of
a gendered self emanates from innate differential
tendencies originating from these networks that
processes the physical and cognitive behaviours
relevant to reproduction that are canalized towards



dominant endpoints. This fits in well with current
understandings of genetic, hormonal, and
environmental influences on sexual identity (Joel et
al., 2020) and with the earlier bio-psycho-social
approach (Eagly & Wood, 2013) now favoured in
research into identity diversity.

Professional and non-professional articles alike
often present gender as a person’s sense of self and
centred in the brain, but don’t venture to suggest
where in the brain. Recent research has argued
there is no natural dichotomy of gendered behaviour
and proposed the notional merging of otherwise
distinct categories for sex and gender into a mosaic
of sex/gender. However, this seems to disregard
non-physical behaviour relevant to reproduction.
Further, it also disregards, for example, transgender
children who persist post-puberty with a gender
opposite to their bodily sex, and whose later
reproductive behaviour is not always conventional
for their bodily sex. The presentation of differential
cognitive behaviour separate to physical
reproductive behaviour, and lessons from the
intersex and transgender communities, arguably
makes the notion of a single category of sex/gender
awkward.

NON-BINARY BEHAVIOUR

As centuries-old compulsory categories, two sexes
and two genders have been unproblematic in the



fabric of the everyday, at least for those who
conform. However, the notion of ‘a gendered self
only seems explicable philosophically. Certainly
the brain is considered the anatomical location for
gender (Bao & Swaab, 2011), nonetheless,
questions remain; from what, and perhaps from
where specifically could a gendered self emanate?

By age two to three, most children have an
awareness of their gender (Ahmed et al., 2004), and
most all, without issue. A very few, on the other
hand, feel a sense of unease. We now refer to
distress resulting from this unease as gender
dysphoria (GD) (Sanchez & Vilain, 2013). Not to
forgo mature-age onset dysphoric individuals whose
earliest memories are filled with similar unease, this
article’s search for gender speaks more directly to
the question of explaining the persistent feelings of
GD in very young children, those who have not had
sufficient time to learn the nuances or politics of sex
and gender?

Parallel with the fact that females menstruate,
ovulate, fall pregnant, deliver, lactate, and males do
not, necessitating brain regions to regulate these
diverse processes (McCarthy & Konkle, 2005), this
article will present a parallel case for the internal
and perceptual sense or feeling of gender (Fiani,
2018) as associated with reproductive physiology
and behaviour primarily centred in the prefrontal
cortex (PFC) and limbic system of the reproductive



axis. These regions are significantly differentiated
between the sexes (Lenschow & Lima, 2020;
Ritchie et al., 2018; Pavolova, 2017; Reber &
Tranel, 2017; Guillamon, Junque, & Gomez-Gil,
2016).

In discussing brain structure, brain function, sex,
and gender, language matters (Joel & Fausto-
Sterling, 2016). The terms 'sex' and 'gender' remain
actively entangled with each other, and
neuroscience has not provided a reasoned account
for where sex ends and gender begins (Kaiser,
2012). The term ‘dimorphic’, meaning occurring in
two distinct forms, is used in this article for
differences that are big with little overlap
(McCarthy & Konkle, 2005). Another visualization
of sex and gender is to see them as continuous
spectrums where the more common dimorphic
binary of male or female can be represented as the
furthest ends of the spectrums (O'Hanlan, Gordon,
& Sullivan, 2018), in other words, as canalized. In
this vein, canalized differences can be dimorphic
and minimally overlapping. Incorporation of the
terms sex and gender into a mosaic notion of
sex/gender has also been proposed (Joel &
McCarthy, 2017; Rippon et al., 2014).

Sex / gender

Professional and non-professional articles often
present gender as a person's sense-of-self within



several intersecting factors and influences (Gliske,
2019; Fiani, 2018; Strauss et al., 2017), however, no
one has ventured to suggest what the 'factors' that
make gender are, nor where they source.

Arguments for the merger of ‘sex’ and ‘gender’
favor we desist labelling them as separate variables
and combine them into the singular term -
'sex/gender' (Kaiser, 2012), or 'gender/sex' (van
Anders, 2015).

No matter which is regarded the default state for
human embryos, male or female (Joel et al., 2020),
the high function areas of the brain have been
labelled initially intersex and not dimorphic (Hyde
et al., 2018). Indeed, levels of intelligence do not
appear sexually dimorphic but rather are a mosaic
(Joel & McCarthy, 2017; Jones & Lopez, 2014).
The notion of human behavioural overlap or mosaic
may theoretically remove the need to separate the
terms sex and gender, yet the idea that prenatal
brains are intersexed in vivo and belong to a single
heterogeneous population is an enormous ambition
according to Pavlova (2017). Is this debate now
over, or can we continue to argue the case for
gender as biologically distinct from body sex,
dimorphic, yet canalized towards male and female
endpoints?

Although the ‘characteristics' of ‘sex-related
behaviour’ relative to the physicality of
reproduction are clearly dimorphic, other sex-



related behaviours have not been explicitly
identified. While some see gender as ‘subconscious
sex’ and an intrinsic part of an individual that
hardwires traits of one sex or the other into the brain
(Serano, 2016), apart from physical behaviours
related to mating, clarification of these ‘behaviours’
and 'traits' is missing.

In contrast, this article has not abandoned dimorphic
differences, and presents sex, gender, and behaviour
as canalized (O'Hanlan, Gordon, & Sullivan, 2018;
Sisk, 2016; Mustanski et al., 2005) into those
domains relevant to reproduction. Notably, the
behavioural domain is split further from the general
cognitive mosaic of functions such as reasoning,
organization, and execution of complex thoughts, to
those related specifically to reproduction.

WHAT IS GENDER THEN?

This article presents gender a the perpetual
neurophysiological signature associated with the
interconnected networks of the reproductive axis,
i.e., a conscious awareness of the neurophysiology
from brain areas processing cognitive behaviour
related to reproduction; many of these behaviours
are presented as dimorphic or twofold, i.e.,
gendered, though not strictly.

The brain areas processing cognitive behaviour
related to reproduction are incorporated within the
dimorphic reproductive axis. In other words, these



behaviours are gendered and may be reinforced or
not by outside factors such as culture and social
learning. This article will first discuss the
reproductive axis, then the cognitive behaviours
differentially associated with this axis as the source
of innate gender.

REPRODUCTIVE AXIS

The reproduction axis stems from the testes,
ovaries, on to the limbic system. The axis is a
tightly regulated feedback loop paramount to
reproductive potential (Acevedo-Rodriguez et al.
2018; Couse et al. 2003). Neuroendocrine control
of this axis rests with a group of neurons called
gonadotropin-releasing hormone (GnRH) neurons
dispersed in the part of the limbic system within the
axis known as the hypothalamus (Alzahrani et al.,
2019). The axis further coordinates follicle-
stimulating hormone (FSH) and luteinizing
hormone (LH) from the anterior pituitary, and the
sex steroids estrogen, progesterone, and androgens,
produced primarily by the ovary, corpus luteum,
and adrenals (Blair et al., 2015; Klein, 2003).
Significantly, estrogen and androgen receptors show
high levels of distribution in the pituitary,
hypothalamus, amygdala, ovaries, testes, and uterus
(Denley et al., 2018; Swaab, 2004; Sato et al., 2004;
McEwen, 2001), in other words, in the reproductive
axis overall.



Disruption of this axis prenatally and during mini-
puberty (the 3-6 post-natal months) can lead to
sexually dimorphic changes in linear growth,
genital growth, and anabolic changes in body
composition (Rogol, 2020; Kurtoglu & Bastug,
2014) that may result in disorders of sexual
development (DSD) (Legato, 2018). A subsystem
of this axis is the limbic system (Legato, 2018).

The Limbic System

The limbic system, first described in 1964, is one of
the most studied functional networks in the social
brain (Yang, Comninos, & Dhillo, 2018). The
zones of the limbic system develop differentially
(Zaidi, 2010; Sakata & Crews, 2004; Kruijver et al.,
2000) and are stable across the lifespan (Simerly,
2010, 2002; McCarthy & Konkle, 2005). There are
suggested interlinked neural pathways through
which limbic structures may influence human
behaviour (Beégue et al., 2019). The main
components of the limbic system are the
hippocampus, the amygdala, and the hypothalamus
(Roxo et al., 2011).

Differences in the hippocampus (Ristori et al.,
2020; Jones & Lopez, 2014; Sundermann et al.,
2010), hypothalamus (Denley et al., 2018;
Mhaouty-Kodja et al., 2018; Xu et al., 2012;
Sandremann et al., 2010), and amygdala (Mhaouty-
Kodja et al., 2018; Jones & Lopez, 2014; Cooke et



al., 2007) are repeatedly shown to be dimorphic in
postmortem and in vivo imaging studies (Baldinger-
Melich et al., 2020).

The pituitary gland, while not physically a region of
the limbic system, is a master gland regulating
hormone levels in the body. The hormones of the
pituitary gland send signals to the thyroid gland,
adrenal gland, ovaries and testicles to stimulate or
inhibit their hormone production. Consistent with
prior research, non-linear associations between age
and pituitary gland volume differ by sex (Whittle et
al., 2020).

Hormones integral to developmental stages not only
mediate physiological and endocrine processes
involved in reproduction but also act as
neuromodulators within limbic brain centres to
facilitate the expression of innate emotions and
behaviours required for reproduction (Yang et al.,
2018; Kawakami et al., 1967).

Reproductive Behaviour

More strikingly, many cognitive behaviours
differentially associated with the limbic system
(Hoffman, 2013; Bonelli & Cummings, 2007) are
relevant to reproduction as part of an integrated
network of intrinsic links that unite sex, emotion,
and reproduction to facilitate species survival (Yao
et al., 2017). For example, emotion processing and
motivation (Tunc et al., 2016), face recognition,



aggression, sexual arousal, anxiety, and fear
conditioning (Marwha et al., 2017; Heberlein et al.,
2008; Swain et al., 2007).

And so the sex of an individual significantly
modulates behaviours related to reproduction and
many cognitive behaviours associated with the
limbic system and reproduction are canalized
towards male and female endpoints.

Other cerebral regions relevant to reproduction

In terms of cerebral texture analysis via three-
dimensional magnetic resonance imaging, Tunc
presented differences in connectivity between
multiple brain regions as clear evidence for a basis
to behavioural differences between males and
females (Tunc et al., 2016). The pre-frontal cortex
(PFC) is involved in the generation of dimorphic
behaviours and with its subcortical connections in
the limbic system, the PFC is a neurological
structure heavily involved in the social brain
(Ritchie et al., 2018; Pavlova, 2017; Reber &
Tranel, 2017; Guillamon et al., 2016).

CANALIZED REPRODUCTIVE BEHAVIOUR

The canalization of behaviours associated with
reproduction is unsurprising in sexually reproducing
mammalian species. The greatest and most stable
gender differences occur in only several areas: a
few motor behaviours based on physicality, some
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aspects of sexuality, and the cognitive areas of
aggression, verbal ability, visual-spatial ability,
mathematical ability, and empathy (Swain et al.,
2007; Hyde, 2005; Maccoby & Jacklin, 1974).
These behaviours originating from an
interconnecting mosaic (as opposed to the general
behavioural mosaic of psychology) of the cortex
(pre-frontal lobes), and reproductive axis (limbic
system) are heavily involved in cognitive functions
related to survival and reproduction (Hoffmann,
2013).

Incumbent in reproductive fitness are behaviours
involved in courtship, mating, care of offspring,
territorial defense, and resource gathering. These
differential co-dependent behaviours exist in pair
bonding, cooperation and competition, spatial
ability and linguistic ability, connectedness and
disconnectedness, group activities and individual
activities, and nurturant activities (Lenschow &
Lima, 2020; Dulac et al., 2014; Sokolowski &
Corbin, 2012).

The dominant or aggressive behaviours are
associated with cues of capacity to provide
expedient resources or to inflict immediate harm
onto others, and are thought to be important for
males (how aggression can be expressed in terms of
reproduction is discussed later in this current
article). The emotional behaviours most associated
with females are cues of trustworthiness (Whittle et



al., 2011), and empathy (Swain et al., 2007). The
remainder, including levels of intelligence, are a
mosaic (Joel & McCarthy, 2017; Jones & Lopez,
2014). Women tend toward better social and
linguistic skills, while men tend toward higher
physical abilities combined with technical, spatial,
and navigating (Tay et al., 2019). Inborn essentially
driven behavioural differences in the brain are thus
limited to factors surrounding reproduction (Stam et
al., 2019; Joel & McCarthy, 2017; Arnold et al.,
2004).

Significant behavioural differences stemming from
the brain regions previously discussed, can be
related to maximizing economic opportunity for
pregnant and lactating women and their offspring
and incumbent on sexuality, courtship, mating,
nurturance and empathy, frequent territorial
defense, and resource gathering that characterizes
ours and other species (Meyer-Bahlburg, 2019;
Unger et al., 2015). The association of these
reproductive related behaviours with care of
offspring are clear and the significant differences in
the arenas of sexuality, aggression, and care of
offspring are arguably the most relevant to overall
reproductive success for men and women.

Sexuality

Under the broader neo analytic understanding
gained from the feminist theory of Nancy
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Chodorow, we may view sexuality in relation to
reproduction, a universal and enduring element of
the sexual division of [reproduction] (Chodorow,
1999). This does not negate Freud’s view that
sexuality was primarily about bonding ahead of
reproduction (Freud, 1966). Mothering and
fathering are tethered to courtship that is tethered to
mating behaviour, which is, in turn, is tethered to
care of offspring. As such, this broader sexuality is
relative to reproductive roles, as others have
suggested (Pfaff, 2011; Owen-Blakemore et al.,
2009; Bartky, 1999; Buss, 1995).

Greater than trivial behaviour differences have been
presented in the arenas of aggression and sexuality
(Hyde et al., 2018), courtship and care of offspring
(Meyer-Bahlburg, 2019). These moderate to large
gender differences are notable exceptions to the
similarities hypothesis on sex differences and of
specific bearing to this article under the umbrella of
'reproductive behaviours.'

Courtship / mating behaviour

In humans, despite the myth-like belief that males
seek sexual intimacy over emotional intimacy, and
women the reverse, there is evidence women and
men exhibited similar desires (Perrin et al., 2011),
although the pursuit of the same may differ (Sakata
& Crews, 2004).



Sex-specific social behaviour depends on sexually
dimorphic circuitry in the limbic system that
processes hormonal, environmental, and
experiential information (Newman, 1999), and the
behaviours relevant to reproduction are enhanced or
not differentially between the sexes by this
experiential social learning (Sisk, 2016),
nevertheless, the physicality of mating per see is not
the topic of this article.

Care of offspring

Behaviours across mammalian species directed
toward care of young offspring exhibit striking sex
differences (Numan & Insel, 2006). In mice for
example, major roles for the medial preoptic area of
the hypothalamus (Fang et al., 2018), and the
medial Amygdala have been demonstrated in the
sexually dimorphic control of parenting behaviours
(Chen et al., 2019).

Differences between the sexes for emotional
processing are well-acknowledged (Kreukels &
Guillamon, 2016). Behaviours related to
reproduction are recognizable in differences in the
levels of responses such as sociability, attachment,
sentimentality (Stam et al., 2019), aggression (Zell
et al., 2015), in defend or befriend (Hoekzema et al.,
2017; Sokolowski & Corbin, 2012; McCarthy et al.,
2012; Pearson et al., 2009; Zietsch et al., 2008),
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instinct (Sweatt et al., 2013), and significantly
empathy (Swain et al., 2007).

Sex differences in emotion processing represent one
of the most robust sex stereotypes worldwide
(Whittle et al., 2020). The limbic system (the
emotional nervous system), specifically the
subcortical systems including the amygdala,
hypothalamus, and hippocampus, have been
associated with emotion processing and motivation
(Tunc et al., 2016). Females tend to exhibit
superior performance in verbal and social
proficiency, emotion recognition, and empathy
(Kret & De Gelder, 2012; Kopsida et al., 2009).
Women score higher and favor activity involving
relationships, and men favor activity involving
things (Zell et al., 2015; Del Guidice et al., 2012).
Arguably, all such behaviours are strongly
associated with the reproductive axis and
reproductive roles.

Empathy

Females tend to present higher social awareness and
social skills in addition to emotional sensitivity
compared with males; women are more empathic
(O'Hanlan, Gordon, & Sullivan, 2018; Grabowska,
2017). Empathy is an especially important emotion
in infant nurturant and caregiving (Grabowska,
2017; Swain et al., 2007). Empathy can be defined
as appropriate perception, experience, and response



to another’s emotion (Swain et al., 2007), in short, it
is the ability to identify and respond to another’s
mental state and in the care of offspring, it is the
ability to respond to infant cues. Human babies are
helpless for many years and a mother must resonate
with the state of her infant’s helplessness, meaning
she must possess empathy and maternal synchrony
(Leon, 2008; Cardinal et al., 2002; Oxley &
Fleming, 2000).

There are several contributions consistent with sex
differences in empathy, both theoretical (Chodorow,
1999; Gilligan, 1993; Freud, 1966), and empirical
(Hines, 2017; Swain et al., 2007; Chapman et al.,
2006; Hyde, 2005). Gilligan argued that males and
females speak in a different moral voice. Males
adopt more selfish-ness, while females embrace
more self-less-ness (Gilligan, 1993). Gender
differences in moral reasoning based on care are
higher in women, while men's moral reasoning is
more based on justice. In terms of statistical effect
size, these differences are small (Hyde, 2005), yet
considering differences are likely context-dependent
across domains (Del Guidice et al., 2012), small
gender differences should not be regarded as trivial
(Zell et al., 2015).

In line with innate motherly behavioural tendencies
and intuition, newborn girls just a few hours old
show more interest in human faces, and more
sensitivity to tactile, oral, and visual stimuli. This
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intuition is a basic, immediate, or primitive
‘something’ that we may see as part of the female
self (Gliske, 2019). Although there is the caveat
that some behavioural differences could be due to
differences in the treatment of newborn boys and
girls, even within the first few hours after birth
(Jones & Lopez, 2014). Nonetheless, considering
differences as taxonomic and produced regardless
of how a child is raised, nurture may merely
influence the average degree of innate canalized
difference (Sisk, 2016; Mustanski et al., 2005).

Changes in levels of female hormones such as
estrogen, progesterone, and prolactin through
pregnancy have long been implicated in the
regulation of maternal behaviour (Dulac et al.,
2014). Care of dependent offspring subsumes
attachment, suckling, and emotional nurturance.
The higher levels of empathy shown in females are
likely the ‘why women mother’ that Chodorow was
missing (Chodorow, 1999), whereas fathers
predominate in other areas of care.

For fathers, care may involve physical aggression in
the forms of territorial defense and acquisition of
resources (Meyer-Bahlburg, 2019). i.e., the view of
aggression outlined below. Human babies and their
mothers require security and support in resources
for many years, and a father must resonate with the
state of his family’s needs.



Aggression

The discrepancy in levels of aggression between
men and women is salient. Gonadal steroid levels
are increased in a sex-specific manner; testosterone
levels peak in boys at 1-3 months of age and
decline at six months of age (Kuiri-Hénninen et al.,
2014). During the fourth to fifth month of
pregnancy a surge of fetal testosterone occurs
lasting a few weeks to reach adult levels that
inundate the male brain inducing anatomical and
organizational changes (Batrinos, 2012). Levels of
male empathy appear to be reduced by the higher
testosterone exposure in-utero (Hines, 2017).

The components of the neural network that regulate
aggressive behaviour include the amygdala, the
hypothalamus, and the orbitofrontal cortex
(Gouveia et al., 2019; Unger et al., 2015), all of
which are noted as being sexually differential.
Testosterone plays a significant role in the arousal
of these behavioural manifestations in the brain
centres involved in aggression and on to the
development of the muscular system that enables
their realization. It acts through the interplay
between subcortical structures in the amygdala and
the hypothalamus (Unger et al., 2015; Batrinos,
2012).

In a study of same-sex (SS) and opposite-sex (OS)
twins, OS girls (girls from boy/girl twin sets)
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showed a more masculine pattern of aggression
behaviour than did SS girls (girls from girl/girl twin
sets) with no differences in testosterone levels or
pubertal status. The twin study supports prenatal
levels of testosterone as higher for OS girls and
adds support for sex differences in aggression
overall, similar to congenital adrenal hyperplasia
(CAH) girls who show more aggression than non-
effected siblings (Cohen-Bendahan et al., 2005).
The authors suggest the high levels of testosterone
coming from the twin male foetuses leads to higher
levels of aggression in the OS girls.

Across all mammalian species aggression is a
fundamental means to defend territory, compete for
mates and food, and protect offspring (Wong et al.,
2016). In humans aggressive behaviour is a
primitive social conduct typical of ancient
Anthropocenes that was also essential for
individuals to compete for food, territory, and
mating (Gouveia et al., 2019). Males of the modern
Anthropocene are still more likely to exhibit higher
levels of visuospatial and navigational skills, as well
as direct aggression (Kopsida et al., 2009). Boys
tend to enact more direct aggression than girls (Card
et al., 2008). Aggression, and not empathy, can be
formally studied to the level of Ph.D. in the form of
"'War Studies' (Kings College, London). Males
score higher than females on measures of
aggression (Hyde et al., 2018), spatial processing



[resource attainment] (Reber & Tranel, 2017; Hyde,
2005). Moreover, the magnitude of the difference is
the largest favoring males in situations with the
most danger (Hyde, 2005). The ventromedial
hypothalamus is more responsive to the presence of
males than to females and probably plays an
important role in male aggression male mouse
aggression (Wong et al., 2016).

It is not a long bow to regarded aggression as a
special kind of natural selection for characteristics
that enhance mating ability, survival, and
reproductive success. Following Huber and Kravitz
(2010), contemporary aggression can be viewed
more helpfully, less aberrant, and more positively as
heroics or a competitive spirit related to mate
selection, self-defense, supply and defense of
resources, and defense of significant others.

A philosophical view of aggression presents
masculinity as manifesting itself in cruelty and
violence where no peace negotiations or arguments
in favor of tolerance can decrease its aggression
(Weigel, et al., 2020). Within the 21%-century
'Anthropocene’, such an aberrant masculinity is non-
essential (Meyer-Bahlburg, 2019); nonetheless,
aggression has not yet evolved out of our species,
perhaps simply because aggression is nowadays
aligned more positively with ‘heroics, a competitive
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spirit related to mate selection, supply and defense
of resources’ etcetera." Unfortunately, as with all
human behaviours, some individuals and societies
misuse their natural tendencies.

Hearing

Another intriguing functional difference occurs in
the area of hearing. Hearing is a sexually dimorphic
trait (Shuster, Depireux, Mong, & Hertzano, 2019;
O'Hanlan, Gordon, & Sullivan, 2018) and large
portions of the parietal, prefrontal, and limbic lobes
are involved in auditory processing (Poremba,
2004). As previously presented, these areas are
dimorphic across the sexes. The human voice and
hearing sensitivity are known as secondary sexual
features and so dimorphic hearing may be related to
sexually selective communication and other as yet
unknown sociocultural behaviours (Braga et al.,
2019). Females as a group have greater hearing
sensitivity and greater susceptibility to noise
exposure at high frequencies (McFadden, 1998).
Could dimorphic hearing differences and ‘unknown
sociocultural behaviours’ also relate to the needs of
dependent offspring?

In Sum

Sexually dimorphic courtship is tethered to sexually
dimorphic mating behaviour, which is tethered to
sexually dimorphic Mothering and Fathering, which



is, in turn tethered to dimorphic roles in the care of
offspring. These differential networks are reflected
in the dimorphic behaviours relevant to
reproduction stemming from the reproductive axis.
This article supports the emergent subconscious
awareness of this differential as gender.

LESSONS FROM GENDER INCONGRUENCE

Studies in transgender populations reveal a
developmental disconnect between bodily sex (sex)
and brain sex (gender). Two thirds of participants
in one such study reported feelings of gender
incongruence aged 10 or under, and one third aged
5 or under (Diamond, 2013). Following the long-
established scientific principle that to understand
the 'usual' one must understand the 'unusual,’ we
may ask what and where is it transgender people of
all ages feel is inconsistent with their biological
sex? What is it many children identify as their
gender as early as age two (Zucker et al., 1997), or
age three (Olson & Giilgoz, 2018; Hewitt et al.,
2012).

If gender is an entirely social construct, all hair and
makeup as has been implied (Rippon, 2017; Butler,
1990), age six months to five years seems
insufficient time to learn the politics and socio-
cultural structures of gender without some prior
form of influence. Indeed there is little evidence
that gender nonconforming children have been
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encouraged or taught to behave differently; rather,
childhood gender nonconformity typically emerges
despite conventional socialization (Bailey et al.,
2016). Furthermore, there is no evidence that the
postnatal social environment plays a role in gender
identity formation (Bao & Swaab, 2011).

The dimorphic sexual brain is a substrate of
psychosexual development, and the main
determinants of cerebral differentiation are likely
multimorphic. Genetic and hormonal influences
have all been proposed (Ristori et al., 2020; Theisen
et al., 2019; Legato, 2018). Further highlighting the
possible developmental disconnect between sex and
gender, sexual differentiation of the genitals takes
place before sexual differentiation of the brain,
making it possible that they are not always
congruent (Tasopoulos, 2018;-Roselli, 2018).

Incongruence

Evidence for the role of the prenatal organization of
the brain in the development of gender
incongruence is increasing, although twin studies
have not supplied a specific genetic involvement,
and the evidence on hormonal involvement is
unclear. Genes may yet play a role very early in
development (Theisen et al., 2019), and it may be
the case that hormones simply reinforce an already
established gender identity (Legato, 2018).
Nonetheless, within transgender studies, the pre-



frontal cortex (Kreukels & Guillamon, 2016),
hippocampus (Manzouri et al., 2017; Smith et al.,
2015), amygdala (Beking, et al., 2020; Manzouri et
al., 2017), hypothalamus (Guillamon et al., 2016;
Bao & Swaab, 2011; Swaab & Garcia-Falgueras,
2009), epigenetics (Bailey et al., 2016; Diamond,
2013; Rice et al., 2012), and hormones (Ristori et
al., 2020; Fernandez et. al. 2018; Kreukels &
Guillamon, 2016) have all been implicated in their
incongruence.

These implications provide further support for the
probability that these regions form a neural location
for gender physically and temporally separate to
body sex, at least in part.

Persisters and Desisters.

While debates about the validity of labeling
children as persisters and desisters have been
prominent (Temple-Newhook et al., 2018; Zucker,
2018), this article asks if there is no internal locus
for gender identity, then what is it very young and
persisting adult transgender individuals feel is
inconsistent with their bodily sex?

Although social learning of male and female
differences may begin at birth (Zuloaga et al.,
2010), or earlier if the sex of a child is known
antenatally, most children express their sense of
gender and correctly label that of others by age two
or three (Ahmed et al., 2004; Leinbach & Fagot,
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1986). Pre-puberty (ages 3-12) is arguably a time
when most gender opposite children, with or
without any dysphoria, have not necessarily had
sufficient time to comprehend their dissonance nor
any competing script to how they feel and behave,
and especially in the very young. Furthermore, pre-
pubescent children who experience GD and
continue to do so after puberty (persisters), do not
appear to be affected by the usual sex hormone
activation of puberty (Guillamon et al., 2016).

Crucially, the percentage of ‘desisters’ does not
number 100%, and the notional merging into
sex/gender of otherwise distinct canalizations of sex
and gender and claims that gender is totally a social
construct, seem to ignore the very young pre-
pubescent transgender children who persist post-
puberty with a gender opposite to their bodily sex.

DISCUSSION

It is challenging to unravel the function of neural
circuitry in general (de Vries & Sodersten, 2009).
Linking relatively consistent sex differences in
brain structure to more fickle sex differences in
brain function highlights just how difficult it is.
Unravelling sex and gender discussions become
even more complicated when differences are
context-dependent across domains (Del Giudice et
al., 2012), or may not be acted upon until adolescent
hormones kick in (Jones & Lopez, 2014), or even



not acted upon until later mechanisms in adulthood
come into play, as evident in transgender
individuals with mature-age onset GD.

Some authors have not made a distinction between
general cognitive behaviours and those relative to
reproduction, choosing instead to consider
behaviours related to ‘reproduction’ as physical and
nothing more. Notwithstanding, limbic system
function relative to reproduction exists, and from
flies to mice and rats, sex behaviour is controlled to
match the reproductive capacity of each individual
and the availability of resources (Lenschow &
Lima, 2020).

If we separate general behaviour from cognitive
behaviour relevant to reproduction and maintain the
reproductive axis and specifically the limbic system
as the centre of gender identity relative to
reproduction, then pubescent children who
consistently, persistently, and insistently (Olson &
Giilgdz, 2018) maintain a gender opposite to that
assigned at birth, and whose later reproductive
behaviour is not always conventional for their sex,
arguably makes the notion of a social gender as
purely social and a single category of sex/gender
dubious.

Accepting sexuality as the global term presented
earlier in relation to reproduction and the
differences in courtship, aggression, empathy, care
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of offspring as essential in reproduction, the
significance of the reproductive axis, and especially
the limbic system to gender identity becomes more
evident. While there will be some overlap in
behaviours related to reproduction, they are
sufficiently canalized and polarized that average
differences remain significant and relevant
(McCarthy et al., 2017; Carothers & Reiss, 2013).

CONCLUSION

This article presented gender identity as tethered to
behaviour relevant to the reproductive axis,
hardwired into the subsystems of the frontal cortex
and limbic system, and separate to higher-order
executive functions.

Taken together, this article and studies in the
transgender community provide substantial support
for the endocrine and neurological differentiation of
sex from sexual orientation from gender, and added
support for their differential biological origins.

Combined with our unique human consciousness
and self-awareness, essential cognitive and
emotional differences credibly make for our
perpetual sense of gender, from which men and
women adopt a gender role identity to express
gender via gendered displays in their social world
(West & Zimmerman, 2009). In conclusion we may
propose biological gender identity is born and
aligned around our future reproductive roles as



mothers and fathers. In a tiny percentage of people,
0.5-1.4% of natal males and 0.2—0.3% of natal
females (Theisen et al., 2019), this alignment is
incongruent.

This article fits in well with current research into
the bio-psycho-social origins of sex differences in
the brain now more often attributed to the combined
effects of hormones, genes, epigenetics, and the
social environment (Ratnu et al., 2017) and
favoured as the line of thought in research into
gender identity. A physiological location for gender
distinct from sex, could help advance the apolitical
understanding of unconventional identities.

Regardless of causation, influences, or otherwise on
gender neurology, this study highlights how the
sense of gender emerges from neurological
networks of the reproductive axis temporarily
independent to body sex. With a location for
gender, the ability of studying it further would then
lie hand in hand with its location in fixed points.
This could be important to causal explanation for
gender diversity within the framework of linked
canalized spectrums.

The differential organization of the foetus and its
brain must be managed or directed one way or
another, or as Purves implied - bodily processes
must be linked to neural differentiation (Purves,
1989). Because of the consecutive organization of
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body and brain, linking the two processes can be
influenced independently, resulting in their miss-
alignment or incongruence (Bao & Swaab, 2011;
Savic et al., 2010).
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