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Synopsis A review of the literature on the anatomy of the lower female genital tract in therian mammals reveals, contrary to
the general perception, a large amount of inter-specific variation. Variation in females is anatomically more radical than that
in the male genitalia. It includes the absence of whole anatomical units, like the cervix in many Xenarthra, or the absence of
the urogenital sinus (UGS), as well as the complete spatial separation of the external clitoral parts from the genital canal (either
vagina or UGS). A preliminary phylogenetic analysis shows two patterns. Some morphs are unique to early branching clades,
like the absence of the cervix, while others arose multiple times independently, like the flattening out or loss of the UGS, or the
extreme elongation of the clitoris. Based on available information, the ancestral eutherian configuration of the external female
genitalia included a cervix, a single vaginal segment, a tubular UGS, and an unperforated clitoris close to the entrance of the
genital canal. The evidence for either bilobed or unitary glandes clitorides is ambivalent. Despite the wealth of information
available, many gaps in knowledge remain and will require a community-wide effort to come to a more robust model of female
genital evolutionary patterns.

Introduction
The phallus is a shared derived characteristic of am-
niotes and is thus of a single evolutionary origin (Sanger
et al. 2015). It is present in both sexes, the penis in
males and the clitoris in females. Comparative anatomy,
physiology, and function of the male phallus are well-
studied (e.g., Dixson and Anderson 2001; Dixson 2012;
Gredler et al. 2014; Gredler 2016; Schutz et al. 2016),
whereas similarly detailed descriptions of the clitoris are
scarce, in particular when seeking broad comparative
accounts. Multiple reasons explain this situation. One
practical reason is that female genitalia are often less
conspicuous than male genitalia. However, the relatively

small external parts are paired with internal parts,
which in size match their male counterparts. Internal
parts are less well-investigated in both sexes, as they
are intricately embedded in the connective tissue and
the musculature of the pelvic floor and thus difficult to
dissect. Another practical reason may be that females
are considered more valuable than males in breeding,
presenting another obstacle to invasive anatomical
study. Finally, the physiological variation introduced by
female ovarian cycling likely made female animals less
preferred research subjects in general. Other reasons for
the current scarcity of information are more theoretical,
such as the conclusion that female genitalia are allegedly
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uniform (thus requiring little explanation) because
sexual selection acts on males, or the assumption
that the clitoris lacks biological function. Additional
difficulty is that a large part of the relevant anatomical
literature was published in German (and perhaps other
languages), such that a large knowledge base is difficult
to access for many researchers. As these and other
reasons for the lack of attention to clitoral anatomy
are being increasingly overcome in recent decades,
we observe intensified research into the details of
the female reproductive anatomy, its function and
evolution (Puppo 2013; Cunha et al. 2014; Lima et
al. 2015; Pavlicev and Wagner 2016; Sinclair et al.
2017; Orbach et al. 2019; Pavlicev et al. 2019; Levin
2019; Orbach et al. 2021; Brennan et al. 2022). To
further foster this direction of research, we aim at
summarizing the comparative anatomical information
currently available.

In the present contribution, we review the available
literature on the anatomy of the female phallus, i.e., the
clitoris, and place this knowledge into an anatomical
and phylogenetic framework. Such comparative com-
pilation is crucial for two reasons. First, the lack of
comparative studies is the likely cause of inconsistencies
in the terminology and anatomical interpretations
further impeding scientific work and leading to poor
understanding of female genital evolution and its
causes. Second, comparative genital anatomy, when
combined with other characteristics of mammalian
reproduction such as ovarian cycle characteristics and
social structure, forms the basis for understanding
female genital function and sexuality, as well as their
evolution. Our own interest in this area was sparked
by the apparent correlation between the nature of the
ovarian cycle and genital anatomy, in particular the type
of ovulation and the presence of the urogenital sinus
(UGS: Pavlicev and Wagner 2016; Pavlicev et al. 2019).

Expanded comparative data on reproductive
anatomy, when combined with species-specific
reproductive physiology, will enable us to test
hypotheses about female sexual function and evolution,
based on the idea that evolutionary changes in sexual
function will be reflected in changes in genital anatomy.
A solid understanding of the anatomical evolution
of female genitalia is thus a necessary condition for
understanding the evolution of female sexual function
and behavior.

Evolution of the phallus
The phallus originated in the stem lineage of land
vertebrates, the amniotes: birds, reptiles, and mammals,
despite its absence in several amniote lineages (e.g.,

songbirds). Classical anatomical literature (e.g., Gegen-
baur 1898 ), as well as more recent studies, note the
presence of a genital anlage in the ventral wall of the
cloaca in early developmental stages in species that lack
a phallus in the later stages of development, including
the early branching lineages such as Sphenodon, aka
Tuatara, a sister species of squamates (Sanger et al.
2015). This suggests a common origin with subsequent
losses in adults of multiple amniote lineages, rather
than multiple independent origins. While the amniote
phallus is associated with internal fertilization, the latter
does evolve several times independently outside of
amniotes in even earlier branching lineages, such as
sharks, some teleosts, and amphibians. However, the
functionally similar male structures used for internal
fertilization in these lineages have different anatomical
bases (e.g., shark claspers are modified from pelvic fins:
Gerhardt 1939; the gonopodium, intromittent organ of
Xiphophoruous fish, is a modified anal fin: Langer 1913),
and will not be further addressed here.

The evolutionary origin of the mammalian phallus
thus coincides with the origin of internal fertilization in
stem amniotes, predating the diversification of crown
amniotes. It is unclear, which exact factors have been
crucial for the origin of direct sperm deposition into
the female cloaca (e.g., male–male competition). The
consequence of internal fertilization, however, is clearer:
it emancipated amniote fertilization from the aquatic
environment. The directionality of gamete deposition
is overwhelmingly uniform—that is, in most species,
the males deposit gametes into the female reproductive
tract, where fertilization occurs (rather than the other
way around as in seahorses). It, therefore, appears likely
that the evolutionary origin and the early evolution of
the phallus have been driven by its male reproductive
function, although homologous structures are present
in both sexes. The clitoral functions have thus likely
arisen secondarily. Another interesting aspect is that
in amniotes the intromittent organ arose as a Type
I novelty (Wagner 2014), i.e., a novel body part,
while in other lineages intromittent organs arise as a
modification of existing body parts (Type II novelty),
e.g., pelvic or anal fins. In these latter cases, there is little
if any modification of the female counterpart, while
in amniotes the phallus is also a part of the female
anatomy.

Development of mammalian phallus
We base the general outline of embryonal development
on descriptions of humans and mice, as comparative
information at these early stages is rare—however, some
degree of deviation must be expected. The embryonic
origin of the phallus, its general structure and histology
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Fig. 1 Genital development (human). (A) During early development, the gut is separated from what becomes a UGS by the growing
urorectal septum, and subsequently the two separate orifices form. Phallus will develop ventrally from UGS. (B) External genitalia
formation at the undifferentiated stage on the left and differentiated (female) stage on the right. Figures inspired by Carlson (2014).

(including innervation, vascularization, and muscular-
ization), as well as its anatomical position are clearly
homologous between male and female phalli. The
two structures are indistinguishable during their early
development, diverging relatively late in development
(Yamada et al. 2006; Carlson 2014; Cunha et al. 2018,
2020)

At the beginning of phallus development, the urogen-
ital system consists of a cloaca, connecting the endoder-
mal extraembryonic allantoic sac and the gut (Fig. 1A).
The mesodermal urinary and genital ducts (Wolffian
duct in male and Müllerian in female) open into the
cloaca, whereas the cloacal membrane separating the
cloaca from the ectodermal proctodaeum is still intact,
and thus the external ano-genital openings are lacking.
The beginning of phallus development is marked by the
genital swellings arising at the ventral rim of the cloaca,
the site of the future external genitalia. These form the
paired genital folds, which later often fuse at the midline
to form a single genital tubercle (but remain paired in
reptile hemipenes/hemiclitorides, or partially fused as
for instance in the distally split phallus of opossum). At
the same time the gut separates dorsally from the rest of
the cloaca by the development of urorectal septum (Fig.
1A), forming the rectum with a distinct orifice (anus),
whereas the remaining part of the cloaca is now called
the UGS, and opens in an orifice arising between the
genital folds (Fig. 1B). The genital tubercle develops into
the phallus, which up to this stage is morphologically
sex-invariant (note that sex differentiation at the level
of cell types starts earlier; Armfield and Cohn 2021).
From this developmental stage on, the development of

the male and female external genitalia diverges visibly
under the influence of gonadal hormones.

The subsequent genital development involves the
integration of the external genitalia with the inherently
sexually dimorphic urogenital systems. In male therian
mammals, this means the integration of the genital
and urinary duct into the phallus. This duct is com-
posed of direct derivatives of the mesodermal ducts
(mesonephros; Wolffian duct), which give rise to genital
tubes (vasa deferentia) connecting testes to the urethra.
The resulting single duct, urethra, thus corresponds
topologically to the UGS, and carries both urine and
sperm. This pattern is conserved in male eutherians—
the penis invariably envelops a single duct with joint
function. Thus, despite the wide diversity of the late-
developing penile characteristics (presence/absence of
the penile bone, spines, overall size, the size and
number of erectile bodies, skin folds, and so on), the
integration between UGS (confluence of genital and
urinary tracts) and penis appears unchanged across
Eutheria, as reported in rich comparative compendium
by Gerhardt (1939).

The development of the female external genitalia is
considerably more variable across species. In females
the Wolffian ducts degrade, with the exception of
some minor vestigial structures (e.g., Gartner’s ducts).
The female genital tract connecting the ovaries with
an external orifice instead develops from the paired
mesodermal Müllerian ducts (paramesonephric duct;
an anatomical part which degrades in males). This
anatomical entity eventually differentiates into oviduct,
uterus, cervix and potentially the proximal portion
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of the vagina. The developmental origin and evolu-
tionary individuality of the vagina (as identified by
the typical squamous epithelium) are still disputed,
even for humans. A commonly held model for human
development (e.g., Carlson 2014) is that the upper part
of the vagina develops from fused parts of the Müllerian
ducts, and a solid tissue block from the Müllerian
tubercle (so-called vaginal plate, a proliferation of
endoderm of UGS at the location of contact with
mesonephros) hollows out to form the complete lower
part. Ulfelder and Robboy (1976), studying congenital
defects of the vagina, have suggested contributions of
Müllerian ducts as well as UGS, where the epithelial
cells from UGS migrate into the part formed by the
Müllerian ducts, thus both contributing to vagina
[similar proposal was made by Bulmer (1957)]. Recent
work by Robboy et al. (2017) and Cunha and colleagues
(summarized in Cunha et al. 2018), using protein
markers to trace epithelia in vaginal development
shows that UGS-reactive FOXA1 expression eventually
spreads up to the cervix, thereby transforming the
simple into stratified squamous epithelium—consistent
with the earlier proposal. Starck (1975), drawing on
his work on mice, rats, hamsters, rabbits, dogs, cows,
and humans, suggests variation in vaginal development
across species, which could indicate that the vagina’s
identity might be formed by different cell lineages in
different species and is thus not linked to the embryonic
origin of the cells but likely by the activation of a shared
vaginal gene regulatory network.

The UGS, i.e., the confluence of urethra and the
derivative of the Müllerian ducts, develops as the
urethra, coming from the bladder, opens into the
reproductive tract. However, the persistence of the UGS
beyond embryonic stages, and its spatial relation to the
clitoris are variable (see below).

Major parts and terminology
Given the large amount of interspecific variation in
the anatomy of the female external genitalia in therian
mammals, it is difficult to establish a terminology that
can be applied to all species and anatomical configura-
tions. In addition, the amount and detail of information
available for different species is quite variable, with
developmental information limited to a small handful
of species. Thus, in many cases the meaning of the
anatomical terms identified in the literature remains
unclear. Furthermore, embryological units do not al-
ways correspond to adult morphological structures.
As noted above, an example is the human vagina, to
which two different embryological and genetic units are
likely contributing, the distal (lower) and the proximal
(upper) vagina. Keeping these limitations in mind, we

propose a terminology that can be applied to most
anatomical descriptions available in the literature.

There are three anatomical landmarks that can be
used to conceptually regionalize the female lower
genital tract: the cervix, the urethral opening (meatus),
and the Corpus clitoridis. Most anteriorly, there is the
transition from the uterus to the genitals, which is
usually marked by the cervix, a quite distinct structure
in most therian mammals. In Xenarthra (anteaters,
sloths, and armadillos) and in the afrotherian elephant
shrews, the utero-vaginal canal, which topologically
corresponds to the cervix and the vagina of other
mammals, has a different structure (Cetica et al. 2005),
as will be described below. The urethra, guiding urine
from the bladder, can open either into a genital canal or
directly to the outside. If it opens into a genital canal,
we call the segment between the cervix and the urethral
meatus the vaginal segment (Fig. 2A). Note that this
term indicates a topological unit and not necessarily
part of, or all of, the copulatory canal. The vagina proper
can be shorter than copulatory canal if the urethral
meatus opens at a distance from the genital openin (Fig.
2B). Then there is the Corpus clitoridis, which can be
located inside the genital canal, at its rim, or outside of
it (Fig. 2C).

If the genital tract continues after the urethral
meatus, this segment of the genital canal will be called
UGS, in accordance with much of the comparative
anatomical and embryological literature. If, however,
the genital tract widens, so that what topologically
corresponds to the UGS and even part of the vaginal
segment is not a canal but flattened out, then this part is
called the vaginal vestibule. Note that a tubular, longer
UGS can also broaden at its caudal end, and is often
described in the literature as vestibulum—we treat,
therefore, information about the presence of vestibulum
independently from the information on the presence
of UGS. For instance, in humans the vagina is shorter
than the vaginal segment as defined above (because
the urethral meatus opens into the vestibule) and the
vestibule includes part of the vaginal segment and the
UGS (Fig. 2A). We limit the term vulva for the part of
the pudendum that lies outside the Labia minora.

Further, we use a meta-term genital canal for any
tube-like structure, regardless of whether it is derived
from the UGS, the vaginal segment or both, and re-
gardless of whether it is engaged during copulation. For
instance, in some animals (e.g., elephants) the genital
canal is longer than the penis. The genital canal is
sometimes called the “vagina,” from a functional point
of view, but such a term would hinder the evolutionary
comparative work, as relative contributions to a genital
canal of developmentally different parts differ across
species.
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Fig. 2 Dimensions of female therian genital variation. (A) Scheme showing the naming of parts used in the present paper. (B) The variation
in the number and nature of orifices can be classified by the relative position of the urethra joining the reproductive tract. (C) The
variation in the relation of clitoral apparatus to the urethral and vaginal openings. The two patterns on the left show clitoris associated
with UGS; either being traversed by the UGS, or separate. The two patterns on the right show cases in which urethra opens in separate
orifice from the vaginal segment, and the clitoris is either ventral to, or traversed by the urethra.

Fig. 3 Overall position of the clitoral apparatus, and its attachment
to the pelvis and parts of pelvic floor. The human structure is
shown

Phallus is furthermore associated with two skin folds,
preputium (prepuce) and frenulum. Both are parts of
Labia minora. Prepuce is also referred to as clitoral hood
as it is described in many species to cover the Corpus or
Glans clitoridis.

Finally, we need to distinguish two types of erectile
tissues in the phallus, the Corpus cavernosum (CC)
and the Corpus spongiosum (CS) (Fig. 3). The first is
the erectile tissue consisting of a meshwork of smooth
muscle cells forming a blood sinus responsible for
stiffness during erection. In contrast, the CS is distinct
from the CC and the surrounding tissue due to a

high level of elastic fibers (van Turnhout et al. 1995),
in addition to collagen and smooth muscle fibers.
For example, a quantitative study of the rabbit penis
found the CS to have a volumetric concentration of
elastic fibers of 32% compared to 25% in CC. During
erection, the CS therefore remains elastic. The shape
and contribution of these two tissues to the female
phallus is variable among species (see below).

Dimensions of genital variation
In contrast to the penis, the mammalian clitoris exhibits
a wide range of structural and positional variation.
Before delving into the systematic survey, we provide
general phenotypic dimensions, along which female
genitalia differ. These dimensions often do not repre-
sent overall evolutionary trends but rather are found
repeatedly in various clades.

Female external genitalia and their integration with
the lower urogenital tract vary in multiple dimensions.
One dimension is the relation between the genital and
urinary tract. Ancestral adult mammalian anatomy,
present in Monotremes and to some extent in Marsu-
pials (Marsupial moles), involves the cloaca, the cavity
into which genital and urinary tracts as well as rectum
empty. In adult eutherians and at least some marsupials,
the rectum is separated from the urogenital ducts.
Variation persists in whether urinary and genital ducts
also exit the body separately, or share some extent of
the tract, forming the UGS with a single orifice (similar



586 M. Pavlicev et al.

to male). Where along the genital tract the confluence
of the urinary and genital tract occurs is also highly
variable, ranging from the very proximal part close to
the utero-vaginal canal (which replaces the cervix) in
Xenarthra, or very close to the end of the genital canal,
or in a flat vaginal vestibulum (e.g., humans). If the
vaginal segment is considered as the proximal part of
the genital canal extending from cervix to the urethral
meatus, and the UGS as the distal part extending
caudally of the urethral meatus, the relative length of
UGS varies from a very long to a very short segment
(vestibulum), or even complete absence. Together, the
vaginal segment and (if present) the UGS, form the
genital canal, if both are tube-shaped (Fig. 2).

Further variability concerns the relation of the clitoris
to the urethra and the UGS (Fig. 2B). Clitoral Corpora
cavernosa and the Corpus clitoridis are located ven-
trally along the urethra. The external Corpus clitoridis
emerges either in the lumen of the UGS, the vestibulum,
or on the rim of the vestibulum. As mentioned above, in
many species (e.g., many rodents), vagina and urethra
open as separate orifices (no UGS), and parts of the
Corpus and Glans clitoridis in this case are exposed
on external body surface, ventrally to the urethral
orifice. In a few mammalian species, spread among
different clades, the Corpus clitoridis is traversed by
either the urethra or the UGS and assumes a penis-like
morphology. This often coincides with a hypertrophied
clitoris, but clitoral elongation, up to the length of male
phallus, also occurs in various further clades without
embedding any of the ducts. As explained below, these
elongated clitorides differ widely in structure, as well as
in developmental origin.

Despite clear sexual dimorphism, some aspects of
the clitoris covary with penile characters across species.
Variation in the presence of the Os clitoridis (baubellum
or clitoral bone) to some extent follows variation of the
Os penis, the baculum (Lough-Stevens et al. 2018; Spani
et al. 2021). Both phalli also appear to covary in the
extent of bifurcation.

Less well-documented is the variation in the presence
and size of erectile bodies, in particular their internal
parts. In general, the joined Corpora cavernosa, which
build the main portion of a mostly single-bodied
external phallus, continue internally as separated paired
roots, called Crurae, extending laterally along pubic
bones toward the ischium (Fig. 3). They provide
attachment to the paired Musculus ischiocavernosus,
which attaches the phallus to the bony pelvis. The
second paired erectile bodies, the Corpora spongiosa
(or sometimes, confusingly, called Corpora cavernosum
urethrae), described in several species including human,
form paired internal bulbs at the basis of the phallus,
extend along the phallic corpus and build the glans at

the tip of the phallus. This tissue is often associated with
the urethra/UGS and in males provides a single column
embedding the UGS (i.e., the distal urethra) in penis
and ensuring that the UGS remains open for ejaculation
during erection. Other ligaments and muscles of the
perineum are associated with the male as well as the
female phalli and will be addressed below only where
sufficient information has been found.

Overall, it is noteworthy that the clitoral parts have
often been modified within single lineages and over
short evolutionary times. This is suggested by the
phylogenetic distribution and by the distinct anatomy
involved in generating superficially similar phenotypes.
A good example is the evolution of the particularly hy-
pertrophied genitalia. These well-known large clitoral
parts arise in some species of insectivores (moles), bats
(some Noctilionoidea; McCarthy et al. 1988, Carter and
Mess 2008), carnivores (spotted hyena; Cunha et al.
2014), and primates (lemurs and NWMs; Drea and Weil
2008). However, they are anatomically distinct: while
the enlarged clitoris of hyena encloses the UGS, the
enlarged clitoris in lemur only encloses the urethra,
whereas the vagina opens separately at the clitoral
basis and hence lacking a UGS altogether. The long
clitoral structure of the Spider monkey (genus Ateles,
the NWMs) on the other hand, encloses neither the
genital nor the urethral canal. Finally, the enlarged
perineal structure of moles is not even clitoris proper,
but rather the prepuce, i.e., the skin fold enclosing the
Glans clitoridis. The morphology of elongated clitorides
found in some species of Lophostoma bats has yet to be
described.

Systematic overview of therian clitoral
anatomy and position
This section reviews the available information on
clitoral anatomy, with the phylogenetic context in mind.
A brief formal phylogenetic analysis will be presented
after this section. Neighboring tissues (vagina, UGS,
and perineal musculature) will be addressed along with
the clitoris, whenever available information permits.

Marsupials

The general anatomy of the marsupial clitoris appears
to follow that of the penis: in the Virginia opossum
(Didelphis virginiana; McCrady 1938) as well as in
Tasmanian devil (Sarcophilus satanicus; Flynn 1910,
1911), the Corpus clitoridis is described as bifurcated,
protruding in the UGS at its posterior end (opossum).
Corpus cavernosum is described to fill the external part
of the clitoris, and no information is available about the
Crurae.
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In the Monodelphis and Didelphis opossums, two
uteri with distinct cervices and three vaginae are
described. The UGS is separate from, but opens close
to, the anus (McCrady 1938 and pers. observation).
Together, both openings are surrounded by a shallow
skin fold creating the superficial appearance of a cloaca.
In the Tasmanian devil, a distinct uterine “neck” is
described, but from the description it is not clear
whether the author means a single cervix, which would
mean that the uterus is divided into two uterine horns,
rather than the two uteri. A total of two lateral vaginae
are mentioned with a median vaginal apparatus (i.e.,
three vaginae), but a single, very long UGS, which opens
into the cloaca (Flynn 1911). Re-examination of this
species would be highly desirable.

Xenarthra

In this most basally branching eutherian group, the
information on genital anatomy is available for Brown-
throated sloth (Bradypus variegatus, Favoretto et
al. 2016), Lesser anteater, (Tamandua tetradactyla,
Hayssen 2011; Rossi et al. 2011), and several species
of armadillo (Cetica et al. 2005; Pocock 1924b). In
many xenarthrans, the urethra joins the reproductive
tract immediately caudal to the so-called “uterovaginal
canal,” also sometimes referred to as cervix. Both
names of this narrow structure are misleading, as it
relates uterus with UGS rather than with vagina, and it
structurally differs from the cervix of other mammals.
It is lined by the columnar epithelium, similar to
the uterus or the endocervix in most other eutherian
lineages, yet the distinct glands, similar to cervical
glands are described. Hence, a distinct cervix, as well as
a true vagina (the latter characterized by the squamous
stratified epithelium), are missing, and the reproductive
tract continues posteriorly as the UGS. An exception
appears to be the Southern three-banded armadillo
(Tolypeutes matacus), for which a true vagina has been
reported (Cetica et al. 2005). A double vagina separated
by a sagittal septum has been described in Bradypus
by Giersberg and Rietschel (1968). It is noteworthy
that the vagina is often described based on the gross-
morphological characters (relative position and form),
such as in the nine-banded armadillo (Dasypus novem-
cinctus; Enders and Buchanan 1959). In the latter case,
its detailed morphological characterization (e.g., the
presence of columnar epithelium) suggests homology
with the uterovaginal canal as described in other
xenarthrans (also suggested for Dasypus by Giersberg
and Rietschel 1968). This aspect of xenarthran anatomy
in particular requires further attention.

The xenarthran Corpus clitoridis is very variable
and its bipartite structure can still be observed in

this group. Brown-throated sloth (Bradypus variegatus)
presents a bipartite (bilobed) clitoris with paired Cru-
rae, bodies, and glandes (Favoretto et al. 2016). The
paired Corpora cavernosa in the clitoral body remain
separated by a septum. In contrast, the pale-throated
sloth (Bradypus tridactylus) was described to have a
simple small un-grooved clitoris on the vulvar edge
(Pocock 1924b). Pocock (1924b) also described the
external genitalia of several species of the two armadillo
families, Dasypodidae and Chlamyphoridae, and three
species of anteaters. The author noted that the external
clitoris of the Nine-banded Armadillo (D. novemcinc-
tus, fam. Dasypodidae, the long-nosed armadillos) is
hidden by large labia, often confused with a male
penis. Also, the visible clitoris of Chlamyphorus (fam.
Chlamyphoridae) is small. In contrast, the clitorides
of Chlamyphoridae genera Euphractus, Tolypeutes, and
Zaedyus are elongated, penis-like singular structures.
However, the similarity to a penis does not extend to
internal structures: in all cases, the urogenital meatus
is located dorsally to the Corpus clitoridis at its basis,
and the external Corpus clitoridis is often grooved on
its dorsal side.

Anteaters appear intermediate in their clitoral
anatomy between sloths with stronger bipartite
characteristics and armadillos with simpler, unified
structures. Pocock (1924b) describes anteater species
of two genera, Tamandua and Cyclopes. In Lesser
Anteater (T. tetradactyla), the clitoris is simple and
undivided, covered by hairy labia (Hayssen 2011;
Pocock 1924b). In Silky Anteater (Cyclopes didactylus),
the clitoris is similar to that of the Lesser Anteater, yet
bilobed. Uterovaginal canal in Lesser Anteater is lined
by simple columnar mucous epithelium, which turns
into transitional epithelium of the UGS after confluence
with urethra, thus lacking a vaginal segment (Rossi et
al. 2011). The UGS opens in the vestibular cleft (vulva).

Afrotheria

In Afrotheria, the genital anatomy is described for
the African (Loxodonta africana) and Asian elephants
(Elephas maximus; Perry 1951; Balke et al. 1988),
Hyrax (Procaviidae; Lonsky 1903), multiple species of
elephant shrews (genus Elephantulus; Van der Horst
1942; Tripp 1971), Aardvark (Orycteropus afer; Pocock
1924a), and Amazonian manatee (Trichechus inunguis;
Rodrigues et al. 2008). Both elephant species are
known for their very long female reproductive tract,
passing through the pelvis, but then curving ventrally,
with the urogenital orifice at a far distance from
the anus, directed downwards rather than backwards.
Some discrepancies exist in description of the cervix,
vagina, and UGS as well as the hymen. This review
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follows Perry’s (1951) account of these differences and
describes the common structures of African and Asian
elephants. Vagina is present, followed by a narrow
transition (covered by the hymen) into a very long UGS
representing approximately 50% of the length of the
total genital tract (2-2.5 m long). UGS is composed of
the intrapelvic and extrapelvic portions, of which the
latter is reported to correspond to the full length of the
very long clitoris. The Corpora cavernosa extend along
the UGS about half of its length (i.e., approximately one-
fourth of the reproductive tract). The Ischiocavernosus
muscle [called “retractor clitoridis” by Perry (1951)]
inserts to a tendon close to the Glans. The Corpus
clitoridis reaches into the ventral edge of vulva, the
imperforate glans visible. The clitoral body, formed by
the fusion of the Crurae, is reported to line the ventral
wall of the UGS and be of 18 cm (7 inches) in length and
1.25 cm in diameter, the last 10 cm being pendulous.
It is not clear where the clitoral shaft protrudes into
the UGS—but given the size of the Corpus clitoridis, it
would mean that this occurs about 40 cm cranial from
the vestibulum, in the UGS. Bulbs are not described.

Hyrax female genital anatomy includes a vagina,
which is joined by the urethra 3 cm caudal to the
cervix (Lonsky 1903). UGS is thus present and broadens
distally to form a Vestibulum vaginae—which refers
here to the wide caudal end of the UGS. The clitoris
protrudes on the ventral side of vestibulum with button-
like grooved glans and distinct preputium and frenu-
lum. Clitoral corpus is partially unattached. Lonsky
mentions Crurae or bulbs only in males, there is also
no mention of a baubellum (Lonsky 1903).

In Amazonian manatee, the vagina as well as UGS
are described. The external clitoris protrudes into the
UGS just before the opening of the UGS to vulva and is
visible. The length of the free clitoral parts is described
to be 28 mm in adults (Rodrigues et al. 2008). In
Aardvark (O. afer), only the description of external parts
is available. Here, the clitoris is described as bilobed
and long, extending beyond the genital orifice (Pocock
1924a).

Elephant shrews (Tupaiidae) manifest strikingly dif-
ferent reproductive anatomy than other Afrotheria in
that they, as also seen in Xenarthra, lack a cervix and
true vagina. This was first noted by Van der Horst (1942)
in Eastern Rock elephant shrew (Elephantulus myurus)
and confirmed for six further species of elephant shrews
(E. fuscipes, rufescens, rozeti, intufi, brachyrhynchus,
and edwardii) by Tripp (1971). Cervix and vaginal
segment in the reproductive tract of elephant shrews
are topologically replaced by the elongation of uterus,
akin to the uterovaginal canal described in Xenarthra.
No description of lower genital tract and genitalia was
found for these species.

Laurasiatheria

In laurasiatherians, information is available for Eulipo-
typhla, Chiroptera, Carnivora, and Ungulata including
Cetacea (Meek 1918; Rommel et al. 2007).

Old and New world moles are a well-studied group of
Eulipotyphla, raising particular interest due to species
with notable genitalia in both sexes and due to the pres-
ence of ovotestis, the inclusion of highly testosterone-
producing tissue in the ovary (Rubenstein et al. 2003;
Sinclair et al. 2016, 2017). Enlarged female genitalia
had been thought to be caused by the production of
testosterone during fetal development (Whitworth et
al. 1999), however, it has been shown recently that this
enlarged structure is in fact the prepuce housing a much
smaller clitoris (of the size of the male penis), rather
than being an enlarged phallus itself. In congruence,
some New World mole species (e.g., genera Scalopus
and Scapanus) develop enlarged prepuce in absence of
ovotestis (Rubenstein et al. 2003). The mole clitoris is
thus similar in structure to mouse clitoris in that it
is an internal cylindrical structure located along the
urethra and defined on the ventral side by a U-shaped
epithelial lamina (i.e., not defining the fully mobile
separate cylinder such as is the case for penis). The
urethra runs on the dorsal side of this semi-defined
structure, while the prepuce envelops both.

Mole species vary in the degree to which the clitoris is
attached to the adjacent tissue, in the size of the prepuce
and its extension beyond the body, as well as in the
presence of an Os clitoridis (Sinclair et al. 2017). The
vaginal opening is mostly separate, however, in some
species the distal part of the urethra joins the vagina
which runs just parallel to it on the dorsal side. The
clitoris is characterized by a CC but lacks a CS.

Bats (Chiroptera) are the mammalian clade with
the second greatest number of species, after Rodentia,
and their reproduction is well-studied. Anatomical
descriptions of female reproductive tract often focus on
the upper parts of the reproductive tract (ovaries and
uterus) and are available in many species, distributed
across the two groups of Yango- and Yinpterochi-
roptera (Hood and Smith 1983). Female genitalia
have, however, received less attention. Hood (1989)
summarized the reproductive tract of Macroglossusinae
(Macroglossinae), a subfamily of Yinpterochiroptera
(Pteripodidae), and compared them to several Yan-
gochiropteran families. As other authors, he points out
great variability of uterus type and cervix length and
shape among bats (Hood 1989; Hood and Smith 1983;
Carter et al. 2008). Among Yangochiroptera, uterine
type includes everything from the bicornuate uterus,
such as in Myzopodidae, the Madagascar sucker-footed
bats (Carter et al. 2008), and uterus simplex, such
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as in Artibeus lituratus, the great fruit-eating bat of
the family Phyllostomidae (Rodrigues et al. 2019).
Within Yinpterochiroptera the common uterine body
(as opposed to horns) can be very short (Mega-
loglossus sp.) to substantial (Macroglossus sp.; Hood
1989). Cervix length represents one-third of the uterus
in Yinpterochiropteran families (megadermatids, hip-
posiderids, or rhinopomatids) and Yangochiropteran
families (emballonurids or phyllostomoids), whereas
it is half of the uterus in other Yangochiropteran
families (vespertilionids and mystacinids). The cervix
is traversed by a single canal in most families of
bats; however, two cervical canals occur in single
species of both Yinpterochiroptera (pteropodids) as
well as Yangochiroptera (emballonurid family). There
is thus a huge variation in the extent of fusion of
Müllerian duct-derivatives during the development in
this group. A vagina is present and covered by a
multilayered squamous epithelium (Rodrigues et al.
2019). In some species of vespertilionids (Molossidea)
and emballonurids (both Yangochiroptera) the urethral
meatus is described to open into the vestibulum
separately from the vagina. Thus, no tubular UGS
is present (Crichton and Kruztsch 1987; Matthews
1942). The vulvar opening in Yinpterochiroptera and
several families of Yangochiroptera is a transverse slit
ventral to the anus and covered with an externally
placed, flattened clitoris (Hood 1989). Matthews (1942)
describes Corpora cavernosa clitoridis of Coleura afra
(emballonurid bat), and Crichton and Kruztsch (1987)
describe paired Corpora cavernosa clitoridis enclosing
another erectile space containing a slender sigmoid
Os clitoridis or baubellum in Ozimops (Mormopterus)
and planiceps (vespertilionid bat). In some chiropteran
species, a baubellum is present (Lough-Stevens et al.
2018). The clitoris is reportedly small for Yangochi-
ropteran families Mezopodidae, Vespertilinoidea and
Emballonuroidea, but certain species show an elongated
clitoris, such as members of Noctilinoidea (Carter et
al. 2008) and Mormoopidea (e.g., Pteronotus macleayii;
Mancina 2005).

In the Cetaceans, the vagina and urethra open into
the vestibulum separately, no tubular UGS is observed.
The vestibulum lies in the slit to which also anus and
mammary slits open. In most species examined, the
external clitoral parts (corpus and glans) protrude into
the vestibulum close to the urethral meatus, just after
the narrow transition between vagina and vestibulum.
The clitoris is generally well-developed with prepuce
and prominent glans and can be seen reaching beyond
the vestibular slit. It consists of a well-developed and
erectile CC (Meek 1918; Morejohn and Baltz 1972;
Rommel et al. 2007). Meek (1918) investigated Harbour
porpoise (Phoecena phoecena) and Greenland whale

(Balaena mysticetus). In porpoise, Meek noted that
paired Corpora cavernosa fuse before entering clitoral
shaft. Distally, they run along the so-called Erector
clitoridis ( = the M. ischiocavernosus) and attach to
the pelvic bone. Meek reported that clitoral corpus as
well as glans in porpoise are invaded by CC (possibly
spongiosum?). Paired Crurae, which are attached by
M. ischiocavernosus to the pelvic bone, however, are
reported to not consist of erectile tissue [Meek 1918; but
see Brennan et al. (2022)]. A histological investigation
of the Bottlenose dolphin (Tursiops truncatus) clitoris
showed a high nerve density and dense nerve-endings
in the Glans clitoridis, suggesting that it is highly
sensitive and thus likely functional (Brennan et al.
2022).

In mares (Equus caballus), the vagina is long, con-
stituting over 50% of the copulatory canal (Ellenberger
and Baum 1915). It is joined distally by the urethra,
forming UGS, which ends with a wide Vestibulum
vaginae and vulva. The clitoral corpus is 2 cm wide
and projects 6–8 cm into the ventral edge of vulva. It
is constituted of joined Corpora cavernosa. Proximally,
these continue on each side and connect by a weak M.
ischiocavernosus (syn. Erector clitoridis) to the ischium.
At the clitoral apex is a 2–3-cm large glans of erectile
tissue, which shows a dorsal grove. The clitoris is
incompletely covered by a preputial fold. Lateral to
vestibular walls are two additional erectile bodies, the
ellipsoid bulbs (Kobelt 1844).

Cattle and European Bison (Bos taurus and Bison
bonasus) have similar anatomy, but the sizes in bison
are somewhat smaller. The cow vagina is 20–28 cm long
(16 cm in bison) and very wide, covered by stratified
squamous epithelium, and opens caudally into 10–14
cm long Vestibulum vaginae. The vestibulum is covered
by a stratified squamous epithelium of a few strata.
Urethra opens into a wall of a large blind sack on the
ventral wall of the vestibulum, so-called suburethral
diverticulum (Diverticulum suburethrale; Ellenberger
and Baum 1915). The free corpus clitoridis has a shape
of a flat cone 1–2 cm long, with glans 0.5 cm wide.
It is situated in the vestibulum and clearly visible on
the ventral commissure of the vulvar lips. Corpora
cavernosa are long (10–12 cm), but thin and end as
Corpora fibrosa, attached to ischiocavernosus muscle.
Prepuce and frenulum are described but no bulbs or
baubellum (Olbrych and Szara 2011).

In sows (Sus scrofa), similar to cows, the urethra
joins a long vagina (10–12 cm in adults), at the
suburethral diverticulum, which is less prominent than
in Bovines. The subsequent UGS is 7–8 cm long,
ending in vestibulum and vulva. The clitoris reaches
into the vestibulum by 3–4 mm, however, its overall
size (including Crurae) is relatively large, up to 8 cm
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in adults. Small erectile bodies depicted latero-ventrally
in the vestibular wall (Ellenberger and Baum 1915) are
likely bulbs, described as small and olive-shaped by
Kobelt (1844).

Carnivores are a highly diverse group with respect to
clitoral anatomy, erectile bodies, and perineal muscles.
The anatomy of the lower reproductive tract is less
variable and consists of a mostly long vagina and UGS,
variation of which depends on the structure of external
parts.

In the dog (Canis lupus familiaris), the Corpora
spongiosa (vestibular bulbs) are sheet-like cavernous
bodies originating dorsally at the perineal membrane
and extending caudally, forming the lateral walls of
the vestibulum. CS are particularly large and crescent-
shaped in dogs (Kobelt 1844). They join distally at the
midline to form the vestibular body, which partially
supports the ventral portion of urethra and finally forms
the Glans clitoridis. A second pair of erectile bodies,
Corpora cavernosa, also attaches to the perineal mem-
brane and runs along the vestibular wall. These too join
distally to form the large body of the clitoris (3–4 cm),
together with the CS. A suspensory ligament is present,
which attaches the clitoris to the pubis (Ellenberger
and Baum 1915; Hall et al. 2019). Homologous erectile
bodies arise also in male dogs, however, there they join
immediately to form penile shaft, while in female dogs
they run pairwise in the walls of vestibulum and vulva,
before joining as Corpus clitoridis. The Corpus clitoridis
emerges within the vestibulum cranially from the vulvar
orifice, ventral to the vaginal and urethral orifice into
the vulva. Urethral orifice also opens separately, ventral
to the vaginal orifice into the vestibulum.

Domestic cat’s (Felis cattus) clitoris is described as
small and protruding in the ventral part of the vulva.
It contains a cartilaginous Os clitoridis (Ellenberger and
Baum 1915). The cat has a normal cervix, transitioning
into a very tight and nonelastic vagina of 1–2 cm, which
is followed caudally by a UGS of a similar length, ending
in vulva (Watson and Glover 1993).

The male-like external morphology of the female
Spotted hyena (Crocuta crocuta) represents a notable ex-
treme among carnivores [for excellent detailed accounts
and further literature see Cunha et al. (2003, 2014)].
This anatomical extreme is specific to only one among
four hyaenid species. In this species, internal organs
are relatively unremarkable, with the exception of the
ovary which has an androgen-producing (testis-like)
tissue. Historical reports of lacking vagina and cervix
(Watson 1879) have been corrected in the subsequent
work (Matthews 1939, Wells 1968; Cunha et al. 2003).
Mathews, and later confirmed by Cunha, described
histologically distinct vagina. Cervix is inconspicuous
externally and is represented by a very short transitional

zone between simple columnar uterine epithelium and
the stratified epithelium of the vagina. Cunha et al.
(2003) describe large cystic lumina as a distinct feature
of cervix. The urethra joins with the genital canal still
within the pelvic cavity, and the resulting UGS, lined
by the urethral-like epithelium, is enclosed and exiting
the body through a long penis-like clitorial shaft. As
the orifice of the pendulous clitoris is, therefore, the
only access to vagina, The Spotted hyena copulates and
gives birth through the clitoris. Despite great similarity,
the phallus is still sexually dimorphic in structure,
including its length (in particular when erect) and
circumference, the position of the urogenital orifice,
and of some of the erectile bodies. Importantly, the
clitoral UGS is not embedded in the CS as is the case
in the penile UGS of Spotted hyena males. Interest-
ingly, the hyena clitoral anatomy is not explained by
increased androgen secretion during its development.
Testosterone indeed is produced in the female fetal
ovary, but only in developmental stages after phallic
growth. Accordingly, experimental treatment with anti-
androgens during fetal development does not reduce
the growth of female phallus, rather it feminizes male
fetuses. This suggests that androgen is responsible
for the male-specific aspects of the phallus (thinner
urogenital meatus, differences in shape of the glans, and
so on), but not for its overall size. The formation of the
long penile clitoris in Spotted hyena is thus androgen-
independent (Cunha et al. 2014).

The description of the female reproductive tract of
the raccoon (Procyon lotor) reports the presence of a
clearly defined cervix, which transitions into the vagina,
the latter measuring approximately 4 cm in length.
At the height of urethral meatus the vaginal part is
separated from the UGS by a fold of mucous membrane,
attached to the entire circumference of the canal. The
UGS measures approximately 5 cm in length. The
external orifice is bounded laterally by labia, forming a
prominence at the top of which is the orifice. The clitoris
and its position are not described in this work (Watson
1881), and a later work only describes variation in
presence of the Os clitoridis (Sanderson and Nalbandov
1973).

The group of Glires (roughly rabbits and rodents)
includes several well-studied species, such as the cot-
tontail rabbit, domestic rabbit, mouse, rat, hamster,
chinchilla, nutria, beaver, ground squirrel, and the
naked mole rat. Glires includes a large number of
species in which the urethra opens into the urogenital
tract either very close to its external orifice, into
the flat vestibulum, or as a separate orifice. Corre-
spondingly, the UGS forms a short vestibulum, or
is missing. According to Meczynski (1974), there is
no notable UGS in the following rodents: rat (Rattus
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rattus), house mouse (Mus musculus), golden hamster
(Mesocricetus auratus), and Nutria (Myocastor coypus).
An intermediate stage (flat vestibulum) is described
for Guinea pig (Cavia porcellus), and Eurasian beaver
(Castor fiber), and the urethra opening high up in
the reproductive tract is described for Lagomorphs,
suggesting a phylogenetic progression as we will see in
a later section.

A detailed study of Cottontail rabbit (Sylvilagus
floridanus) reveals the urethral meatus 2–4 cm caudally
from the cervix, forming a short vaginal segment and
a relatively long UGS. (Elchlepp 1947, 1952; and the
references therein). The clitoris is described as very
similar to penis, only smaller and partially mobile.
Internally, it consists of two Corpora cavernosa, which
fuse distally into the clitoral shaft. On the dorsal
side the surface of the shaft is not fully fused but
rather forms a furrow, continuing from the urogenital
vestibule. The clitoris is incompletely enveloped in
prepuce and extends beyond the vulva. The internal
Corpora cavernosa are attached laterally to the margins
of the ischium. Domestic rabbit (Oryctolagus cuniculus
domesticus) is described as similar in all above aspects
(Elchlepp 1947). Perineal muscles M. ischiocavernosus
and M. bulbospongiosus are present and have been
studied in Chinchilla-breed rabbit doe (Cruz et al.
2002).

Meczynski (1974) studied external genitalia in two
species of ground squirrel (Spermophilus citellus and
Spermophilus suslicus) during estrus. In these, the UGS
is broadened to a vestibulum and forms the caudal part
of the genital canal, measuring about a third of the canal.
Urine flows in a fold in the ventral wall. Small Glans and
Corpus clitoridis appear on the ventral wall at the end of
vestibulum (Meczynski 1974). The Glans is covered by
a folded mucus membrane with a stratified epithelium.
Corpora cavernosa are paired and join into the Corpus
clitoridis. The Os clitoridis is well-developed in ground
squirrels.

In Eurasian beaver (C. fiber), the Corpus clitoridis is
long, projecting into the vestibulum, and embedded in a
preputial fold. It is connected via Crurae to the ischium
(likely by the M. ischiocavernosum). The urethra joins
the vagina to form a short flat UGS (vestibulum), which
opens with rectum into what appears to be secondarily
formed pseudocloaca (Gienc and Doboszynska 1972;
Doboszynska 1978).

Mouse genitalia are among the best studied mam-
malian genitalia (e.g., Rodriguez et al. 2011; Weiss et al.
2012; Cunha et al. 2018, 2020). In this species, similar
to moles, the externally visible part is the prepuce, the
skin pocket embedding the clitoris (or penis), while
the Corpus clitoridis is located deep within the prepuce,
which also embeds the urethra running ventrally to

the CC. The vagina lies dorsal to this structure and
opens in a separate orifice. The clitoris is thus located
immediately ventral to the urethra within the prepuce.
The anatomy of the mouse Corpus clitoris is similar to
that of the penis, but smaller in size, lacks spines, has
a smaller bone, and lacks the mobility relative to the
prepuce due to its dorsal attachment. Importantly, the
mouse (and rat) perineum appears to have only vestigial
M. ischiocavernosus and M. bulbospongiosus (McKenna
and Nadelhaft 1986).

Mole rats are another rodent group with well-studied
genitalia, showing species-specific modifications in
both sexes. Seney and coauthors (2009) compared
clitoral and perineal anatomy in three African mole
rat species: the naked (Heterocephalus glaber), the
Damaraland (Fukomys damarensis), and the silvery
(Heliophobius argenteocinereus) mole rats. The general
structure of the clitoris and its position in these species
is similar to that in the mouse. The clitoral shaft consists
of two Corpora cavernosa and runs parallel and ventral
to the urethra, which is separate from the vagina and
lies ventral to it. Females of all three species lack
CS or bulbs, whereas these are present in silvery and
Damaraland mole rat males. The authors also describe
the perineal muscle, in particular the M. ischiocav-
ernosus and the urethral muscle. M. ischiocavernosus
size correlates positively with the changes in size of
the male phallus. It is smallest in naked mole rat and
largest in Damaraland mole rat females. The urethral
muscle is largest in the naked mole rat females. These
species exhibit substantial penile size differences, while
clitoral interspecific size differences are small, leading
to a changing degree of external sexual dimorphism,
and even its loss in the naked mole rats. Interestingly,
while lack of dimorphism in most species is due to
masculinization of female genitalia, in the naked mole
rat the lack of dimorphism arises by the feminization of
the male external genitalia.

In Spix’s yellow-toothed cavy (Galea spixii, Caviidae,
dos Santos et al. 2014), a simple vagina ends in
the vestibulum, without distinct UGS. The vagina
periodically develops a vaginal membrane covering the
vaginal orifice during diestrus. The clitoris is located
in the vestibulum and is traversed by the urethra.
Dos Santos and collaborators also note the presence of
ischiocavernosus muscle.

Red-rumped agouti (Dasyprocta leporina) manifests
a long vagina (6 cm) lined with stratified epithelium
changing its keratinization during the estrus cycle as
in other rodents. The vagina opens directly to the
vulva. There is no UGS or vestibulum, as the vagina
and urethra open in separate external orifices as also
seen in many other rodents. The vagina undergoes
membrane closure during diestrus, like in the Guinea
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pig. The clitoris is described as prominent (if small)
and conical, covered by a skin fold (likely prepuce),
and manifesting at the sides of its apex two keratinized
hook-like structures (spicules), between which lays
urethral opening—implying that the clitoris is traversed
by the urethra. Spicules change during the cycle,
enlarging during estrus. Labia majora are reduced in
this species (de Oliveira et al. 2019).

Of the tree shrews (Scandentia) the details could be
found in the description of Tupaia splendidula (ferrug-
inosa at the time) by Jones (1917). Jones describes a
7-mm long vagina in adult females, and the urethra
joining the reproductive tract approximately half-way
between the cervix and the vulva, forming the 9-mm
long UGS. External genitalia manifest a prominent
prolonged vulvar slit of 7 mm. The corpus clitoridis is
small and situated median to the labia that form the
edge of the slit. There is no description of the internal
parts or histology of clitoris or the corresponding
muscle, but the external genital structure resembles in
type the primates rather than rodents.

Primates

While the visible parts of external genitalia have been
studied in many primate species in the context of
behavioral studies, less information could be found
on non-visible parts in nonhuman primates, apes in
particular. Noted clitoral diversity in primates is pre-
dominantly due to hypertrophied clitorides in several
species of lemurs and NWMs. The length of the clitoral
corpus, which can be observed in the wild, received
much attention, whereas there is little comparative
histological detail or information on urogenital tract.
It is important to note that hypertrophied clitorides
are not a common occurrence in primates in general,
but rather exceptions, which have been featured dis-
proportionately often. In contrast, comparably detailed
accounts of the common small clitorides, are rare.

An example of anatomical extreme is the clitoris
of the Ring-tailed lemur (Lemur catta). This species
has a long exposed external Corpus clitoridis, which is
traversed by the urethra (Drea and Weil, 2008). In this
case, the urethra does not fuse with the genital tract
to form an UGS. It becomes encased by the clitoris,
whereas the vagina opens separately at the base of the
clitoral corpus. The clitoris shows no CS along the
urethra or at the clitoral base in the form of bulbs.
An Os citoridis is present, the glans is elongated, and
the Crurae run along the pubic rami and attach via
M. ischiocavernosus and thick fascia to the ischium.
Apparent bulbospongiosus muscle could not be found,
however, a thin muscle fiber medially to Crurae could
be its homologue (Drea and Weil 2008). It is likely that

a hypertrophied clitoris is rare in prosimians, but we
encountered little relevant information on this group.

Hypertrophied clitoral parts are also encountered
in five genera of the NWMs: Ateline genera Ateles,
Brachyteles, Lagothryx, and capuchin monkeys Cebus
and Sapajus; (Dixson 2012). The clitoris of Spider
monkey (Ateles geoffreyi) is large with a wide shallow
grove along the ventral surface and covered by a
prepuce (Wislocki 1936). It is indeed longer than the
male penis and is variable in length and coloration
within the species. A total of three species of Squirrel
monkey, Saimiri macrodon, S. cassiquiarensis, and S.
vanzolinii, with the enlarged clitorides of conical
shape and with apical glans have been described by
Lopes and coauthors (2017). The clitoris is covered
by the preputial hood, continuous with the ventral
rim of the labia majora. The vagina is relatively
long and opens into the vestibulum. No informa-
tion is provided about the position of the urethral
meatus.

In Tufted Capuchin monkeys (Sapajus apella), the
external clitoris has been described as a ventrally
grooved elongated shaft, which reaches beyond the
Labia majora to the outside of vulva and is enveloped
in a preputial fold. The apex of the shaft expands to
form the Glans. The elongated shape and visibility of
the clitoris resemble the penis, in particular in the early
developmental stages (Carosi et al. 2020). Intramem-
branous bone as well as CC have been described. The
urethral meatus is located at the base of the clitoris in
the vaginal vestibulum (ca. 2.5 cm long; Lima et al.
2015). Also in howler monkeys (Alouatta palliata), the
clitoris is described as elongated and shallowly grooved
(Wislocki 1936).

George B. Wislocki’s general overview of the “simian”
(platyrrhines, catarrhines, gibbons, and apes) external
genitalia of the (wild-caught) animals from various
collections presents a more balanced impression of New
World monkeys (NWM) genital anatomy (Wislocki
1936). Wislocki describes a minute Glans clitoridis and
large Labia majora in Geoffroy’s marmoset [Callithrix
(Oedipomidas) geoffroyi], as well as in Squirrel monkey
(Saimiri oerstedii), Capuchin monkey (Cebus capuci-
nus), and Night monkey (Aotus zonalis), in the latter
with a well-developed prepuce. Similarly, Hill (1959)
reports in Goeldii’s marmoset (Callimico goldii) a small
external clitoris with bifid glans which is visible at the
extreme ventral edge of the vulva. This species has a
keratinized vagina of about 3 cm, covered with papillae,
and ending in a vestibulum. On the ventral side of
the vaginal/vestibular junction rises an elevation below
which there is a urethral orifice (Hill 1959). A recent
account of external genitalia in the Lion tamarin [genus
Leontopithecus (Porto et al. 2010)] also reports a small
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and immobile clitoris. The glans and short corpus are
visible at the ventral edge of the vestibule as they reach
out between the labiae. A short prepuce and frenulum
can be identified. Histology shows a U-shaped clitoral
corpus cross-section with a groove on the dorsal side
and a fused CC. The vagina opens into the vestibulum.
There is no explicit information about the exact location
of the urethral meatus, however, it is clear that the
urethra does not traverse the clitoris (Porto et al.
2010).

In Old World monkeys (OWM), the female external
genital orifice is located close to anus, between the
ischial callosities (as opposed to male genitalia, which
are close to the pubic bone, thus extending the anogen-
ital distance). This is in contrast to NWM, where the
distance between the anus and the urogenital apparatus
is sexually monomorphic. Wiedersheim (1908) further
points out that OWM are distinct from both NWM and
humans in that their vagina is relatively shorter, that is,
the urethra joins the reproductive tract more cranially
toward the cervix, generating a relatively longer UGS.
The clitoris of OWM is described as relatively small
in Rhesus macaque (Macaca mulatta) and situated in
the ventral part of vestibulum. It is surrounded by a
delicate prepuce and Labia majora, but lacks a frenulum
(Wislocki 1936).

Wislocki also briefly describes the external genitalia
of apes, which have a distinct protruding external cli-
toris of moderate size and vulva surrounded by two fatty
crescent cushions, likely Labia majora (the latter has
been long disputed in apes). In Black-handed gibbon
Hylobates agilis, the prominent sub-conical clitoris is
clefted, reaching onto the ventral edge from the vulva
and surrounded by the prepuce (Wislocki 1936). Dahl
and Nadler (1992) describe the frenulum in White-
handed gibbon (Hylobates lar) and show a separate
urethral orifice positioned in the vulva on the urethral
prominence, dorsally to the clitoris and ventrally to
the vaginal tube, thus lacking a tubular UGS. Authors
also observed the menarcheal changes, mostly as en-
largement of the labiae and external clitoral shaft and
glans.

In Chimpanzee (Pan troglodytes), the clitoris is
visible, reaching out from a very short vulva, and
has a flattened form. The clitoris and genitalia of
Orangutan (Pongo sp.) are described as similar to those
of Chimpanzee. The mountain gorilla (Gorilla beringei)
manifests a conspicuous, protruding clitoris with a well-
developed prepuce, but without frenulum (Wislocki
1936).

Human female genitalia are described in various
general and specialized texts in detail (e.g., O’Connell
et al. 2005; Puppo 2013; Di Marino and Lepidi 2014).
Particularly remarkable is the early detailed description

of the clitoris by Kobelt (1844), and the accompanying
extraordinarily detailed anatomical drawings. Kobelt
paid particular attention to vestibular bulbs, the paired
erectile bodies, Corpora spongiosa, positioned laterally
to the vaginal walls, then fusing along the Corpus cli-
toridis, and connecting the bulbs with the glans. He also
describes the muscles surrounding the bulbs and vagina
as a so-called M. constrictor cunni (also sometimes
called M. constrictor vaginae), which possibly refers
to the M. bulbospongiosus. With the current data, the
presence and evolution of bulbs remains an intriguing,
yet open question.

The second erectile body, the CC, forms the bulk
of the phallic shaft. It continues proximally as two
separate Crurae, which attach to the pubic bone with
M. ischiocavernosus in both sexes, and this muscle is
described as not smaller in human females than in
males (O’Connell et al. 2005; Di Marino and Lepidi
2014).

Evolution of associated features
Os clitoridis

The phylogenetic distribution of Os clitoridis (baubel-
lum) has recently been reviewed extensively in compar-
ison with the Os penis (baculum; Lough-Stevens et al.
2018; Spani et al. 2021). The Os clitoridis appears more
variable than Os penis within but also across species.
Across mammals, the phylogenetic distributions of the
presence/absence of the male and female phallic bones
show strong correlation between sexes. Lineages and
species that lost the baculum, generally also lost the
baubellum. As the clitoral bone is usually developed
to a lesser extent, a small reduction in a species may
be expected to lead to a loss in females sooner than
in males, which also contributes to higher observed
interspecific variation. Indeed, the general pattern is
that in clades, where there is a loss of penile bone in
several species, there is loss of the clitoral bone in an
even greater number of species. Interestingly, there is a
single exemption from this pattern in the data presented
in Lough-Stevens et al. (2018), in which Os penis was
lost, but Os clitoridis was maintained. This is the case
in the European mole (Talpa europea), a species known
for presence of ovotestes and enlarged genital parts
(however, detailed analysis of whether these enlarged
parts indeed represent clitoral body or prepuce is, to our
knowledge, missing).

Muscles and ligaments

The mammalian pelvic floor includes many muscles,
ligaments, and fasciae, involved in a large number
and diversity of pelvic functions, such as locomotion,
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sphincter, and reproductive functions, but also the an-
choring and support of inner organs. Many ligaments of
the urogenital system are dimorphic between the sexes
due to the dimorphism of the urogenital system they
support, but also due to the divergent functionality, e.g.,
pregnancy. Rather than addressing the whole complex,
however, in this review we report the information about
those muscles of the pelvic floor which directly relate to
genital function. A comparative review of the muscles
of pelvic floor would, however, be strongly needed for
functional understanding. Here, most attention will
thus be paid to two muscles, M. ischiocavernosus and
M. bulbospongiosus.

Musculus ischiocavernosus connects the Crurae of
the phallus with the ischium, and likely serves to
stabilize erection in males. A second muscle, M.
bulbospongiosus, runs circular around the basis of
the penile/clitoral shaft (externally to the bulbs, if
present) and is thought to maintain blood pres-
sure, similarly thought to support male erection. The
evolution of both muscles has been addressed by
several classical anatomists. Gegenbaur (1898), fol-
lowed by Eggeling (1939), describe two groups of
striated skeletal muscles of the mammalian pelvic floor,
the superficial (sphincter-related) and the deep group
(i.e., coccygeus muscles), both of which are thought
to have originated from different portions of the tail
muscles of early vertebrates and subsequently became
increasingly associated with the pelvis. The superficial
group of muscles gave rise to sphincter cloacae, present
(itself or its derivatives) in all amniotes, but not in
amphibians. As the urogenital and rectal tracts became
increasingly separated in marsupials and eutherians, the
cloacal sphincter became gradually modified to form
anal and urogenital sphincters. Various intermediate
forms can be observed in marsupials and even some
female eutherians, in which anogenital distance is very
short. For example, in cats, the sphincter partially
encircles either the anus or UGS, but some of the
outermost fibers are common to both (Eggeling 1939).
Musculus ischiocavernosus and M. bulbospongiosus are
thought to both be derivatives of the M. sphincter
cloacae. The precursor of the M. ischiocavernosus likely
formed as a subset of fibers of the sphincter that
attached to the wall of the cloaca and to the ventral
rim of ischium, before the separation between rectum
and UGS occurred. Concordantly, Gerhardt (1939),
drawing on rich comparative work across vertebrates,
reports that clitoral and penile roots are attached to the
pelvic bone by the M. ischiocavernosus in all eutherians
and some marsupials. For example, in female Quoll
(Dasyurus; marsupial), cloaca is associated with M.
ischiocavernosus, and Eggeling (1939) suggests that the
cloacal wall may already include precursors of clitoral

erectile bodies in this species. Indeed, in males, Corpora
cavernosa (in Crurae penis) are described already in
marsupials. In Eutherian females with UGS such as
felids, M. ischiocavernosus attaches to the tissue just
ventral to the urogenital sphincter, where also Corpora
cavernosa appear. In contrast, M. bulbospongiosus likely
arose by muscular fibers separating from the external
urogenital sphincter muscle after the urogenital and
anal tracts had diverged (Eggeling 1939).

Like for other internal parts, detailed descriptions of
the perineal muscles are rare, with some exceptions.
Such is the description of domestic dog by Hall and col-
leagues (2019), who studied the male–female homologs
in external genitalia. Based on the attachment sites and
relative position to erectile bodies, they suggested a
unified nomenclature enabling comparison with other
species. For example, they suggested that the “constric-
tor vulvae” and “retractor clitoris” are a continuous
muscle and together represent a female homologue of
male M. bulbospongiosus. Female “Constrictor vestibuli
“” on the other hand is reported here to be homologous
to male M. ischiocavernosus. Such comparative work
contributes considerably to evolutionary understand-
ing, as species- (and sex-) specific nomenclature often
hinders recognition of evolutionary continuities.

Phylogenetic reconstruction of clitoral
traits
With the information summarized above, we attempted
a phylogenetic reconstruction to reveal the evolutionary
changes in several characters (Figs. 4–9). We used
Maximum parsimony to infer the ancestral states [R-
packages Ape, v.5.5, (Paradis and Schliep 2019) and
phytools, v.0.7–90 (Revell 2012)]. The tree topology is
generated using Vertlife (http://vertlife.org), however,
the branches are scaled for illustrative purposes and do
not reflect temporal information. The character states
and their coding are provided in Supplementary Table
S1. In this section, we briefly discuss the results.

UGS

The UGS, i.e., the genital canal posterior to the
confluence of urethra and vagina, is highly variable in its
length, if present at all. The phylogenetic reconstruction
shows that a lengthy tubular type likely is the an-
cestral eutherian condition (Fig. 4), with independent
shortening and even loss in different clades. Typical
is the loss in many rodents, but also among talpids
(Eulipotyphla). A reduction to flat vestibulum is
common among great apes and NWMs, as well as
independently in some hoofed animals, such as the cow.

http://vertlife.org
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Fig. 4 Phylogenetic distribution of different types of UGS and their
inferred ancestral states. Note that tubular UGS may still end in
the broadened vestibulum. It can also be represented only by a flat
vestibulum or be entirely missing

Fig. 5 Phylogenetic distribution of different types of vaginal
segments and inferred ancestral states

Fig. 6 Phylogenetic distribution of different positions of Corpus
clitoridis and their inferred ancestral states. Again, note that
“vestibulum” can refer to vestibulum of a long tubular UGS, as well
as flat vestibulum, representing the entire (short) UGS

Fig. 7 Phylogenetic distribution of perforated corpus clitoridis and
their inferred ancestral states. Note the independent origins of the
structure, corresponding to the anatomical analysis
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Fig. 8 Phylogenetic distribution of glans lobes and their inferred
ancestral states. Bipartite or paired lobes are seen in early
branching eutherian mammals

Fig. 9 Phylogenetic distribution of cervix and the inferred
ancestral states. This trait also shows greatest variation in the early
branching eutherian mammals

Vaginal segment

We defined the vaginal segment as the portion of the
reproductive tract between the cervix and the urethral
meatus (Fig. 5). As xenarthrans and some afrotherians
lack a cervix, and the uterus ends in a long uterovaginal
canal that is followed by the urethral meatus, they also
lack a vagina. The phylogenetic reconstruction shows
that the absence of the vaginal segment is limited to this
clade.

Position of the Corpus clitoridis

The position of the Corpus clitoridis is highly variable
among clades (Fig. 6), and consistent within major
clades. As it is defined here, based on the relation
to other variable traits, UGS in particular, this is
not surprising. Thus in rodents and independently in
talpids, the species which lack UGS, the corpus clitoridis
protrudes on the outside of the body, whereas it is
located at the ventral edge of vestibulum in primates.
Interestingly, ancestrally the C. clitoridis is inferred to
be located at the caudal end of a tubular UGS and this
condition is maintained in several eutherian species,
above all in Xenarthrans. The Corpus clitoridis appears
to have been repositioned towards a deeper location in
the UGS in Laurasiatherians.

Traversed clitoris

The phylogenetic reconstruction recapitulated what
was already discussed in the previous section (Fig. 7).
Traversed clitorides appear in several species; however,
these species are not closely related and, hence these
clitoral structures have evolved independently at least
three times. This is congruent with the traversing
involving different ducts (i.e., either urethra or UGS) in
different species, as explained above.

Glans lobes

A bipartite structure of the Glans clitoridis appears to
be characteristic of early branching groups of therian
mammals (Marsupials, Afrotheria, and Xenarthra), and
is absent in all other eutherian clades and is thus likely
ancestral in therians and lost in boreoeutherians (Fig.
8).

Cervix

The phylogenetic reconstruction presented in Fig. 9
reflects the unusual situation of a lack of a true
cervix in Xenarthra and some species of Afrotheria
(elephant shrews). The inference that this situation is a
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derived state depends crucially on whether the cervix
of the outgroup, Marsupialia, is homologous to the
eutherian cervix and thus that the mammalian cervix
already existed prior to the branching of Xenarthra. An
observation that supports this idea is that in one of
the investigated species of armadillo (southern three-
banded armadillo, T. matacus), a true vagina and
possibly cervix has been reported (Cetica et al. 2005).
Similarly, cervix is absent in at least one family of
Afrotheria. Such variation in early branching lineages
would otherwise have to be explained as multiple
separate origins of the cervix. However, even if the
marsupial cervix is homologous to that of eutherians
as a structural unit, it still may have undergone a
profound transformation in its histological structure. In
Eutherians the cervix is mostly a collagenous connective
tissue, while in the opossum it is a smooth muscle
organ (Fig. 10). To clarify this question will require
detailed histological study of more marsupial and
afrotherian cervices and further study of the xenarthran
reproductive tracts.

Discussion and conclusion
The current review focuses on the insights obtained
by compiling published information on female geni-
tal anatomy, clitoral anatomy in particular. In many
cases, the referenced works will lead the interested
reader to further, older literature on aspects of female
genitalia. Whenever possible, for our purpose we have
used the references that review older literature, and
thereby establish some consensus even when diverging
accounts exist; these may be either due to small
sample sizes, the use of captive animals, or attraction
to particularly extreme individuals. Following up on
inconsistencies in original sources is often a fruit-
ful research approach, but outside the scope of this
compilation.

The insights resulting from our compilation can
only be considered preliminary, due to the fragmentary
information on the mammalian female reproductive
tract. The aims of this review are to, next to presenting
preliminary evolutionary patterns, point to weaknesses
of the existing data and the many questions that remain
unanswered even in the mammalian anatomy.

However, the data presently available do reveal an
enormous diversity in the anatomy of the female mam-
malian lower reproductive tract and the genitalia. We
observed that the variation is greater with respect to the
external genital organs than the primary reproductive
tract features (ovaries, uterus, etc.). Also, the variation
appears greater in the early branching eutherian clades,
in particular in Xenarthrans, than in Boreoeutheria and
the later branching clades within Boreoeutheria, such as

primates or rodents. In general, female external genital
traits apparently possess high evolvability, manifested
not only by high phenotypic variation, but also by
independent origination of similar structures, using
different evolutionary paths, such as is the case with
hypertrophied clitoris or its associated parts. The same
can also be said about the internal clitoral structures.
Internally placed paired clitoral roots consisting of
Corpora cavernosa in most cases fuse to form a single
clitoral body. This fusion is likely a derived state in
eutherian mammals, as the marsupial and xenarthran
species show various degrees of paired external parts
in adults, and even in the human clitoral corpus, the
septum between the two Corpora cavernosa can be
seen (Di Marino and Lepidi 2014). Despite scarce
information, the presence of internal clitoral roots is
reported consistently enough to assume that these parts
are generally present in therian females, as they are in
males. This appears different for the Corpora spongiosa,
the clitoral bulbs. These inner parts associated with the
clitoris are rarely described, yet few authors explicitly
mention their absence, which would indicate that an
attempt was made to search for them. Kobelt (1844)
reports their presence in humans, rats, pigs, dogs,
and horses, all the species he studied. He suggests
that the Bulbus spongiosum are generally present in
female mammals (as it is in males) but show great
variation in size. It is at this point uncertain whether
this part is rare, very inconspicuous, or whether a lack
of focus on this region has prevented an assessment of
its phylogenetic distribution. In contrast, bulbs are a
very well-developed part of the human female clitoral
complex (e.g., Di Marino and Lepidi 2014). While this
particularly large bulb size is clearly a derived state, it is
unclear when this enlargement evolved, as this structure
is not described in OWM or apes.

This compilation inevitably inherits the weaknesses
of the original literature. Apart from the mentioned
sparsity of anatomical information and small sample
sizes per species, the weaknesses include undetermined
phase of the ovarian cycle at the time of collection or ob-
servation, unbalanced taxon sampling, and sometimes
unclear homology relations. First, the genitalia of many
mammalian females change during the reproductive
period of the cycle, hence adding to variation, although
the general location of anatomical structures will not be
affected. Second, there is understandably a bias in favor
of research on species with unusual anatomy, such as
the hypertrophied clitoris of the Spotted hyena females.
The bias toward these extremes should not be taken as a
sign of the common occurrence of such anatomies, but
rather as the lack of coverage of less extreme morpholo-
gies. Third, and most important, comparative work
requires identification of homologous parts, which can
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Fig. 10 Cross-sections through the cervix of an opossum (Monodelphis domestica, specimen Md_13K5 from the opossum colony at Yale
University). The female was non-pregnant/non-cycling (opossum females cycle only in presence of males). (A) Hematoxylin-eosin staining
suggesting a ring of smooth muscle around the cervical canal. The latter is deeply folded. (B) Immuno-histochemical staining for smooth
muscle actin (SMA) visualized with horseradish peroxidase reaction (brown staining). Note the ring of SMA staining around the cervical
canal, supporting the notion that the opossum cervix is a smooth muscle organ similar to that of reptiles and birds. In the mouse and the
human, the cervical stroma is primarily collagenous with very few smooth muscle cells

be difficult from descriptions of the female genitalia
and perineal muscles. Whereas the female external
genitalia and lower genital tract are of common origin
in therian females, the definitions of their parts are
sometimes derived from their spatial interrelationship
(e.g., UGS), from their histology (e.g., epithelium), or
their function (e.g., copulatory organ). Prioritizing one
of the aspects is a statement about their relative rates of
evolutionary change among the aspects. For example, if
the location of urethral meatus relative to reproductive
tract is considered most evolutionarily stable, we can
consider the part from the cervix to the meatus to be
the vagina (or the vaginal segment), and the part from
the meatus to the urogenital orifice to be the UGS,
across all mammals. Would we encounter a species in
which epithelium does not change consistently with
this border, we may conclude that changes arose by
epithelial migration, or the change of the epithelial
morphology as adaptation to its function (squamous
stratified epithelia are indicative of mechanical or
other stresses as occur during copulation and not an
indication of homology). Alternatively, prioritizing the
histology as the most stable aspect, we may conclude
that the urethra can open into the midsection of the
vagina, and that we must reconsider the naming of
the caudal part as UGS and, thus the criterion of
the transition between the two. Similarly, if we define
vagina by the function as a copulatory organ, this will
include UGS in some species and not in others. In
addition to these challenges, comparative approaches
must overcome the presently inconsistent anatomical

nomenclature across the extended history of anatomical
studies.

Most of these challenges will be overcome by extend-
ing the range of research on female reproductive and
genital anatomy, as appears to be well underway. In
order to understand how the genital anatomy evolves
in the context of its reproductive functions, it will
be important to combine anatomical knowledge with
neuroanatomy, physiology, and endocrinology, beyond
the excellent works on genital function in humans and
mice (Martin-Alguacil et al. 2008a, 2008b, 2008c).

At the very least this overview should cast doubt
on the widely held view that “diverse male gen-
italic morphology” contrasts with “uniform female
morphologies” (Eberhard 1985) and show that this
perceived pattern is largely based on ignorance. It is
at least unlikely that the range of genital morphologies
summarized above are accidental. However, the real
biological meaning of these anatomical variations will
be revealed when contextualized with other aspects of
female reproductive biology, sexuality and physiology
(Dixson 2021).
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