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Abstract

The mammalian penis is a complex hydraulic organ of cavernous (spongy) tissue supported by both smooth and
skeletal muscle structures. In placental mammals, the paired Musculus ischiocavernosi anchor the corpora
cavernosa to the pelvis (at the ischium), and the paired M. bulbospongiosi converge as they envelop the base
of the corpus spongiosum. Male marsupials have a dramatically different anatomy, however, in which both sets
of paired muscles remain separate, have a bulbous, globular shape and do not have any direct connection to
the pelvis. Here we provide the first detailed anatomical investigation of the muscles of the penis in the
western grey kangaroo (Macropus fuliginosus) incorporating dissection, histology, vascular casting and
computed tomography. The M. ischiocavernosus and M. bulbospongiosus form massive, multipennate bodies of
skeletal muscle surrounding the paired roots of the corpus cavernosum and corpus spongiosum, respectively.
Bilateral vascular supply is via both the artery of the penis and the ventral perineal artery. Histological
examination reveals cavernous tissues with substantial smooth muscle supported by fibroelastic trabeculae,
surrounded by the thick collagenous tunica albuginea. The M. ischiocavernosus and M. bulbospongiosus are
known to function during erection of the penis and ejaculation via muscular contraction increasing blood
pressure within cavernous vascular tissues. The thick muscular anatomy of the kangaroo would be well suited
to this function. The absence of any connection to the bony pelvis in marsupials suggests the possibility of
different mechanisms of action of these muscles with regard to reduction of venous return, eversion from the
cloaca, or movements such as penile flips, which have been described in some placental mammals. This
highlights a greater diversity in form and function in the evolution of the mammalian penis than has been
previously considered.
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fibrous connective tissue (Hsieh et al. 2012). The corpora

Introduction
cavernosa form the substantive part of the cavernous body

Many animals have hydraulic copulatory organs, derived
from the tissues of the cloacal region, to facilitate internal
fertilisation. The principal functional components of the
mammalian penis are modelled around a consistent basic
arrangement: essentially three columns of erectile tissue
surrounded by multiple fascial layers (Awad et al. 2011).
The erectile tissue — paired corpora cavernosa and single
corpus spongiosum — is composed of open pore capillaries
(sinusoids) with smooth muscle walls held together by
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of the penis. The corpus spongiosum encloses the spongy
urethra to maintain patency and expands distally forming
the glans penis, where present. Each of the erectile columns
is surrounded by a thick collagen-rich ‘fibrous skeleton’, the
tunica albuginea (a single layer around the corpus spongio-
sum and two layers around the corpora cavernosa), which
resists expansion and therefore increases pressure within
the erectile tissue as it fills with blood, causing elongation
of the penis during engorgement, as well as providing
rigidity to resist bending during copulation (Kelly, 2002;
Hsieh et al. 2012).

At the fundamental level, erection is produced by
relaxation of the arterial walls within the penis, together
with mechanisms that act to restrict venous return, such
that vascular spaces become engorged with blood. Two
skeletal muscles, the M. ischiocavernosus and M. bul-
bospongiosus, function to increase the hydrostatic

© 2019 Anatomical Society
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pressure within the penis to produce suprasystolic pres-
sures associated with increased rigidity at intromission
and during copulation (Beckett et al. 1974; Purohit &
Beckett, 1976; Lavoisier et al. 1986; Gerstenberg et al.
1990; Schmidt & Schmidt, 1993). At the base of the
penis, the columns of corpora cavernosa diverge from
one another as the two crura, which are enclosed in the
M. ischiocavernosus (Chauveau, 1891; Hsieh et al. 2012),
while the base of the corpus spongiosum is incompletely
enclosed by the M. bulbospongiosi, which form a mass
referred to as the urethral bulb (Awad et al. 2011).
Blood pressure within the corpora cavernosa and corpus
spongiosum, and thus rigidity of the penis, is tightly
linked to the activity of these muscles (Schmidt & Sch-
midt, 1993).

The mammalian penis varies extensively in form and
function between different taxa, commensurate with dif-
ferences in reproductive behaviour and biology. How-
ever, differences in the form and function of the
cavernous muscles of the penis have not previously been
considered. No detailed structural or functional informa-
tion on the muscles of the penis in marsupials is avail-
able, but general descriptions of the reproductive system
of the western grey kangaroo (Macropus fuliginosus)
(Martin et al. 2018) identified marked differences in the
gross anatomy of the M. ischiocavernosus and M. bul-
bospongiosus in kangaroos compared with placental
mammals. Similar arrangements of these muscles (often
simply referred to as ‘bulbs’) have also been reported
for other marsupials (Owen, 1839a; Young, 1879;
Nogueira et al. 2004).

As form follows function, differences in the anatomy
of the muscular cavernosi suggest potentially different
mechanisms of action for these muscles during the pro-
cesses of erection, intromission and copulation. These
differences may represent the plesiomorphic anatomy in
Mammalia or simply divergent evolution between the
two clades. Therefore, a better understanding of the
male reproductive anatomy in marsupials would shed
light on the evolution of this functional system. We
undertook a detailed study, incorporating dissection to
describe the gross anatomy of the male reproductive
tract and histological examination of the musculocav-
ernous tissues of the penis, as well as vascular casting
and CT scans to determine vascular supply of these mus-
cular structures in one of the largest marsupials, the
western grey kangaroo.

Materials and methods

The project was conducted under the approval of Murdoch Univer-
sity Animal Ethics Committee (Cadaver Notification), in compliance
with the Australian Code of Practice for the Care and Use of Ani-
mals for Scientific Purposes (7th edition, 2004), and a Department
of Parks and Wildlife Regulation 17 licence SF009843.

© 2019 Anatomical Society

Gross anatomical descriptions

We documented the gross anatomy of the male kangaroo repro-
ductive tract and the histological anatomy of the musculo-caver-
nous tissues of the penis. Specimens of adult male western grey
kangaroos (n = 54) from various locations around Pinjarra, south-
west Western Australia, were purchased from professionals that
culled at night under commercial licence for pet food products.
Gross anatomical descriptions were made from dissections of fresh
(frozen) adult material. Reproductive tracts were collected in the
field from fresh carcasses by making a deep circular incision around
the perineum externally to remove the entire perineal region and
internal organs from the pelvic cavity intact. All material was col-
lected with 12 h of death. The specimens were kept chilled during
transport and frozen at —20 °C until dissection. We cleared the
reproductive organs and accessory glands (Fig. 1) of connective tis-
sue and then isolated the prostate gland, each of the bulbourethral
(Cowper’s) glands and the paired M. ischiocavernosi and M. bul-
bospongiosi. Connections between the various organs were
described. As the anatomy of the perineal and pelvic regions is not
well known in marsupials, we include a description of the muscle
layers and associated organs encountered during dissection to serve
as a useful guide to others.

Histology

Histological samples of the cavernous tissues of the penis and associ-
ated M. ischiocavernosus and M. bulbospongiosus were fixed in
10% neutral-buffered formalin for 1 week prior to embedding in
paraffin wax. Transverse and longitudinal sections were cut on a
sliding microtome at 5 um. Standard histological stains were used
to give contrast to the tissues of interest: Martius Scarlet Blue (colla-
gen), Smooth Muscle Actin immunohistochemistry stain (revealing
smooth muscle) and Orcein (elastin).

Blood supply

Vascular casting and computed tomography (CT) scanning were
used on two additional male cadavers to visualise the blood supply
to the reproductive tract. Cadavers were placed in dorsal recum-
bency and the abdominal organs carefully removed within 3-5 h of
death. A small incision was made in the ventral abdominal aorta,
roughly 200 mm cranial to the bifurcation of the external iliac arter-
ies, and two tubes (3.5 mm diameter) were inserted into the aorta
and passed caudally into the right and left internal iliac arteries.
The aorta was then ligated to hold the tubes in place.

The first individual (body mass m;, 67.1 kg) was injected with a
combination of Biodur Red E20, Biodur E2 and X-OPAQUE-HD bar-
ium sulphate powder (976.5 mg g~' oral powder; MCI Forrest). A
total of 160 g of E20, 72 g of E2 and 100 g of X-OPAQUE-HD were
used as per the manufacturer’s instructions and injected into the
internal iliac arteries. The cadaver was left in the lab at room tem-
perature for 8 h to allow the resin to cure before being placed in
the chiller at 3 °C. The cadaver was then X-rayed and CT-scanned
24 h later.

The second individual (mp, 63.4 kg) was injected with 300 mL mix-
ture of latex rubber (Carolina) and Liquid Polibar barium sulphate
at a ratio of 2 : 1. The kangaroo cadaver was then placed in the
cool room at 3 °C for 24 h prior to dissection. Muscles from this
individual were sectioned during dissection to examine the vascular
arrangement.
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Fig. 1 Male reproductive structures (late breeding season) of the western grey kangaroo (Macropus fuliginosus) in situ showing the relations of the
muscles of the proximal tail and hindlimb (A) and bony pelvis (B), and dissected out showing the anatomical arrangement of penis, cavernosus muscles
and accessory glands from dorsal (C) and ventral (D) views (modified from Martin et al. 2018). Scale bar in lower right corresponds to illustrations (c,
d); total body mass 64 kg for this individual. Arteries were injected with coloured latex for greater resolution of vascular components.
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Results

Gross anatomical descriptions

Perineal region

The perineal region forms a conspicuous feature of surface
anatomy in kangaroos. Situated on the caudo-ventral
aspect of the trunk, at the base of the tail, this region
encloses the distal rectum and, in males, the entirety of the
retracted penis, paired M. ischiocavernosi (IC) and M. bul-
bospongiosi (BS) and three pairs of bulbourethral (Cow-
per’s) glands (Fig. 1A). The dorsal anal and ventral preputial
ostia open into a common space, the cloaca, which commu-
nicates with the external environment via the cloacal aper-
ture (Fig. 1A). The skin of the perineum is very tough and
covers layers of dense connective tissue and skeletal muscle
(M. sphincter cloacae, M. sphincter ani).

The large prostate gland and associated prostatic urethra
are the only portions of the male reproductive system to
reside within the pelvic cavity (Fig. 1B). The prostate is cush-
ioned by the muscles of the pelvic diaphragm (M. levator
ani and M. coccygeus) and a number of large fat pads that
fill the contours of the bony pelvis.

The skeletal muscles of the perineum and pelvic floor
are complex. M. sphincter cloacae are divisible into three
portions. Pars cutanea is a circular cutaneous portion
that passes around, and completely surrounds, the cloa-
cal aperture. The transverse fibres of the sphincter cloa-
cae pars superficialis cover the ventral and lateral
aspects of the perineum and enclose the root of the
penis, the M. bulbospongiosi, the bulbourethral glands,
and distal third of the M. ischiocavernosi. The fibres
insert into thick fascia along the lateral border of each
crus. Sphincter cloacae pars profunda is a deep layer of
thick transverse fibres that almost completely enclose the
distal portion of the rectum, from the pelvic diaphragm
to the anal ostium, and thus represents the M. sphincter
ani externus. M. levator ani (M. ischiococcygeus), the
most medial muscle of the pelvic diaphragm, from the
medial table of the ischium, caudal to the obturator
foramen, and passes ventrally to insert onto the proxi-
mal caudal vertebrae. M. coccygeus lies on the lateral
aspect of the base of the tail, passing from the coc-
cygeal fossa of the ischium to insert onto the distal
transverse processes of the proximal eight caudal verte-
brae (as described in Dawson et al. 2014).

© 2019 Anatomical Society
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Penis

In the western grey kangaroo, the penis has a mean total
length of 166 + 22 mm (Martin et al. 2018) and when
retracted takes on a strong sigmoid flexure (Fig. 1b). It is
held within dense fibrous connective tissue in the preputial
sac at the base of the cloaca, ventral to the pelvic outlet
(Fig. 1A,B). The free end of the retracted penis is caudo-ven-
trally orientated. The free distal extremity of the penis is
simple and tapered; there is no elaboration of a glans penis
(Fig. 1C,D).

As observed histologically, the penile urethra was
encircled by a very thin corpus spongiosum composed
of collagen and smooth muscle (Fig. 2). The paired
tracts of corpus cavernosus that form the body of the
penis are C-shaped in transverse section and, apart
from a narrow fibrous ventral raphe, almost com-
pletely enclose the corpus spongiosum (Fig. 2). The
corpora cavernosa are composed of deep elastic cav-
ernous tissue surrounded by thick collagenous connec-
tive tissue (tunica albuginea).

The root of the penis is marked by the paired M. bul-
bospongiosi, which communicate on either side with the
corpus spongiosum. From the root, two thick crura emerge
and pass caudo-laterally before becoming completely
engulfed in the M. ischiocavernosi on either side.

Paired smooth muscles (M. retractor penis) originate
on the ventral surface of the sacrum as long tendons;
these become long bellies (circular in transverse sec-
tion) as they pass ventrally on either side of the rec-
tum and then along the urethral surface of the penis
to insert approximately one-third of the length from
the terminal end. A short suspensory ligament from
the bony tubercle on the caudal extremity of the
ischiopubic symphysis inserts into the fibrous sheath
of the root of the penis.

Ischiocavernosus muscle

The paired M. ischiocavernosi are large, bulbous structures,
surrounding the terminal portion of the crura of the cor-
pora cavernosa (Fig 1D). In situ, the M. ischiocavernosi lie
dorsal-most in the perineal region, filling a depression
formed between M. pubococcygeus of the tail, and
M. semitendinosus and M. gracilis of the thigh (Fig. 1A).
They lie in close apposition to the largest of the bul-
bourethral glands, and from the ventral view completely
obscure the remaining pairs of glands (Fig. 1C,D). Gross
serial sections (Fig. 3) and histological sections (Fig. 4) reveal
the massive, multipennate structure of the M. ischiocaver-
nosi in relation to the crus penis. The blind-ending crura
have no attachment to the bony pelvis, nor do the M. is-
chiocavernosi. A small, indirect connection to the ischium is
made via a blending of fleshy and dense aponeurotic fibres
with those of the M. levator ani as it approaches its inser-
tion into the fascia around the membranous urethra as it
enters the base of the penis.

© 2019 Anatomical Society

Bulbospongiosus muscle

Although they are approximately a third the size of the
M. ischiocavernosi, the M. bulbospongiosi have a similar
multi-pennate arrangement of skeletal muscle fibres, and a
thick dorsal aponeurotic covering (Fig. 1C). In situ, the
M. bulbospongiosi are located on either side of the base of
the penis, lateral to the cloacal aperture and under cover of
M. sphincter cloacae. The left and right M. bulbospongiosi
are completely distinct from one another (unlike in placen-
tal mammals) and communicate with the cavernous compo-
nents of the penis by distinct bilateral bulbs of corpus
spongiosum.

Histology

Histological examinations of the M. ischiocavernosus and
M. bulbospongiosus revealed thick bodies of skeletal mus-
cle surrounding the roots of the corpora cavernosa and
spongiosum, respectively (Fig. 4A,E). The fibre arrangement
with the skeletal muscles is multi-pennate, with fascicles
arranged in various angles. For example, muscle fibres in
Fig. 4b have been sectioned longitudinally, transversely and
obliquely within the one section. Individual muscle fibres
and fibre bundle fascicles (muscle stained red) are sur-
rounded by fibroelastic connective tissue (collagen stained
blue), the endomysium and perimysium, respectively
(Fig. 4b). The muscles bundles are extensive and densely
packed.

Enclosed within the M. ischiocavernosi and M. bul-
bospongiosi, respectively, the corpora cavernosa and spon-
giosa are covered by a thick layer of dense collagenous
connective tissue, the tunica albuginea (Fig. 4A,CE,F). The
core of each corpus cavernosum is composed of numerous
trabeculae surrounding the vascular spaces (cavernous
veins). The trabeculae have a skeleton of collagen and
elastin fibres (Fig. 4A,C,E,F), supporting layers of smooth
muscle (Fig. 4D,G,H). The collagen fibres within the trabec-
ulae and tunica albuginae are crimped (have a wavy
appearance) along their long axis in the flaccid state. The
regions of smooth muscle are relatively thicker in the cor-
pus cavernosum than in the corpus spongiosum. Numer-
ous deep arteries found throughout the cavernous tissues
are highlighted with staining for smooth muscle actin
(Fig. 4G,H).

Blood supply

The organs of the male reproductive tract in the kangaroo
are supplied on either side by the long internal pudendal
arteries, which (as in placental mammals) are the continua-
tion of the internal iliac artery after the departure of the
caudal gluteal artery (Fig. 5). The prostatic artery branches
from the internal pudendal artery immediately after its sep-
aration from the caudal gluteal artery. The continuing
internal pudendal artery passes into the pelvic cavity over
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10 mm

Fig. 2 Transverse section of the western grey kangaroo (Macropus fuliginosus) penis reveals the arrangement of the three cavernous bodies: two
lateral corpora cavernosa (CC) and a single corpus spongiosum (CS) which surrounds the urethra (U). The cavernous bodies extend into the paired
M. ischiocavernosi and M. bulbospongiosi, respectively. Martius Scarlet Blue stain highlights the thick collagenous tunica albuginae (TA) surround-
ing the CC, and intervening medial septum. Urethra filled with red-stained (fibrin) mucous exudate from bulbourethral glands postmortem.

the dorsal aspect of the bladder. Along the lateral aspect of
the prostate, the vessel bifurcates into dorsal (artery of the
penis) and ventral (ventral perineal artery) branches. The
artery of the penis passes over the medial aspect of the
M. ischiocavernosus, giving numerous small branches into
the thick muscle, followed by a larger branch (deep artery
of the penis), which divides to penetrate into the deep por-
tions of the M. ischiocavernosus and also to supply the lar-
gest of the bulbourethral glands. There are small branches
to the smaller bulbourethral glands before continuing as
the dorsal artery of the penis. The ventral perineal artery
also supplies the M. ischiocavernosus and the largest of the
bulbourethral glands, and terminates within the M. bul-
bospongiosus as the ‘artery of the bulb’, thereby supplying
the corpus spongiosum.

Discussion

Characterisation of the kangaroo penis and associated
organs

This study describes the gross and histological anatomy of
the western grey kangaroo penis and associated organs.
The crura are continuous with the paired corpora cavernosa
of the body of the penis and do not have any connection to
the bony pelvis. Both corpora cavernosa contribute equally
along the length of the penis. The corpus spongiosum sur-
rounding the cavernous (spongy) urethra is relatively thin,
and there is no expanded glans penis terminally. Histologi-
cally, the cavernous tissues of the penis are consistent with
those found in placental mammals. Vascular spaces within

© 2019 Anatomical Society
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Fig. 3 Gross appearance of the M. ischiocavernosus of the western grey kangaroo Macropus fuliginosus, dorsal view (

l-ll

serlal transverse sections

(B-E), and serial longitudinal from dorsal and ventral sections (F-I). Sections (F-I) have been cast with pigmented Iatex prlor to dissection to high-

light the vascular components.

the corpora cavernosa and spongiosa are surrounded by
smooth muscle tissue supported on connective tissue tra-
beculae with collagen fibres and filaments of elastin. Pre-
sumably, the crimped collagen fibres of the trabeculae and
tunica albuginae straighten during erection, allowing for
some increase in trabecular length and expansion of the
cavernous tissues, while at the same time maintaining the
non-circular cross-sectional shape of the corpus cavernosum
seen in other mammals (Kelly, 1999).

Among mammals, two main types of penis are recog-
nised; the fibroelastic penis and the musculocavernous (vas-
cular) penis. The anatomy of the western grey kangaroo
penis appears to be consistent with a fibroelastic type of
penis, with very thick connective tissue structures, especially
tunica albuginea, composed of collagen and elastin, a
strong sigmoid flexure, and long retractor penis muscles. In
mammals with a fibroelastic penis (e.g. domestic cattle and
pigs), the thick fibroelastic tissues exert pressure on the
engorged vascular spaces and limit change in girth, result-
ing in rapid lengthening of the penis and straightening of
the sigmoid flexure (Maia et al. 2006; Ribeiro et al. 2013).
By contrast, in animals with a musculocavernous penis (e.g.
rabbits, dogs or humans), the tunica albuginea is relatively
thinner (Di Fiore, 1982) and engorgement results in greater
changes in size, shape and girth of the penis (Maia et al.
2006). The characterisation of the kangaroo penis as a
fibroelastic organ suggests that erection and copulation are
likely relatively rapid events.

© 2019 Anatomical Society

Structure and function of the cavernous muscles

In western grey kangaroos, the paired M. ischiocavernosi
do not extend to attach to the pelvis (as they do in placen-
tal mammals). Rather, each blind-ending corpus caver-
nosum is surrounded by a large, bulbous mass of muscle
that has no connection to the bony pelvis. The paired
M. bulbospongiosi, associated with the corpus spongiosum,
remain completely separate from one another and have a
similar globular appearance to the M. ischiocavernosus. The
globular shape and anatomical arrangement of these mus-
cles have been recorded for a number of marsupial species,
including koalas, small insectivorous dasyurids and opos-
sums, and appear to be consistent across South American
and Australian clades of marsupials (Owen, 1839a; Young,
1879; Rodger & Hughes, 1973; Woolley & Webb, 1977;
Nogueira et al. 2004).

This study highlights significant differences in anatomy
between marsupial and placental male reproductive tracts.
First, in placental mammals, the M. ischiocavernosus and
M. bulbospongiosus function during the processes of
engorgement of the penis, resulting in erection (Purohit &
Beckett, 1976; Hart & Melese-D'Hospital, 1983; Lavoisier
et al. 1986) and ejaculation (Shafik, 1993a,b). The M. ischio-
cavernosus and M. bulbospongiosus contribute to the func-
tion of the penis via a number of mechanisms in placental
mammals. Principally, contraction of the muscles exerts
pressure upon a mass of incompressible fluid (blood)

311
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’

Fig. 4 Histological appearance of the M. ischiocavernosus surrounding the root of the corpus cavernosum (A-D) and M. bulbospongiosus sur-
rounding the root of the corpus spongiosum (E-H) of the western grey kangaroo Macropus fuliginosus (longitudinal sections). Martius Scarlet Blue
highlighting collagen (blue) and muscle (red) (A-C,E-F) and Smooth Muscle Actin (D,G-H). CC, corpus cavernosum; CS, corpus spongiosum;
CVCC, cavernous veins of corpus cavernosum; CVCS, cavernous veins of corpus spongiosum; DACS, deep artery of corpus spongiosum; IMF, intra-
muscular fascia; SKBS, skeletal muscle fibres of the M. bulbospongiosus; SKIC, skeletal muscle fibres of the M. ischiocavernosus; SMCC, smooth
muscle in trabeculae of corpus cavernosum; SMCS, smooth muscle in trabeculae of corpus spongiosum; TACC, tunica albuginea of corpus caver-
nosum; TACS, tunica albuginea of corpus spongiosum; TBCC, trabecular of the corpus cavernosum; TBCS, trabecular of the corpus spongiosum.

contained within a resisting tensile membrane (the tunica
albuginea), leading to increased blood pressure within the
columns of erectile tissues (corpora cavernosa and corpus
spongiosum) (Purohit & Beckett, 1976; Holmes et al. 1991;
Schmidt & Schmidt, 1993). During intromission and copula-
tion, this is the primary role of the M. ischiocavernosus in
increasing the internal fluid pressure within the corpus cav-
ernosum. The M. bulbospongiosus contributes to erectile
function in species that have an obvious glans penis,

formed by the distal elaboration of the corpus spongiosum
(Hart & Melese-D'Hospital, 1983). During orgasm, rhythmic
contractions of both the M. ischiocavernosus and M. bul-
bospongiosus assist the movement of semen along the ure-
thra for ejaculation (Shafik, 1993a,b).

By contrast, in the kangaroo, these muscles are charac-
terised by their globular shape and thick muscular
walls composed of densely packed muscle bundles sur-
rounding an internal cavity. The M. ischiocavernosus and

© 2019 Anatomical Society
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Fig. 5 3D computed tomography reconstruction of the arterial blood supply of the reproductive tract of the male western grey kangaroo, Macro-

pus fuliginosus. Contrast enhanced using casting agent of Biodur Red E20, Biodur E2 and X-OPAQUE-HD barium sulphate powder.

M. bulbospongiosus in marsupials resemble the thick, mus-
cular walls of cardiac ventricles (ventricular myocardium) or
an avian gizzard (ventriculus; composed of smooth muscle),
in which thick muscular walls provide the required mechani-
cal compressive force on the internal chamber (Bennett &
Cobb, 1969; Draeger et al. 1989; Torrent-Guasp et al. 2005).
The similarity in form of the thick and densely packed mus-
cle bundles of the marsupial M. ischiocavernosus and
M. bulbospongiosus suggests that they are suited to pro-
duce a large contractile force that could be used as a muscu-
lar pump. Their connection to the cavernous tissues of the
corpus cavernosum and corpus spongiosum thus leads us to
interpret that these muscles function as ‘pumps’ for gener-
ating suprasystolic pressures in the cavernous tissues of the
penis during the process of engorgement/erection and ejac-
ulation.

Secondly, in placental mammals, contraction of the M. is-
chiocavernosus also draws the root of the penis against the
pelvis, compressing the deep dorsal vein of the penis and
restricting venous drainage, thus increasing the blood pres-
sure within the corpora cavernosa (Schmidt & Schmidt,
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1993; Shafik et al. 2006). In species where the penis is
retracted into the prepuce when flaccid, muscular actions
of the M. ischiocavernosus in particular are involved in pro-
trusion of the penis during erection (Nickel et al. 1973).
Additionally, the connection of the M. ischiocavernosus to
the pelvis has also been linked to penile movements, such
as ‘penile flips' in rats, which may play a role in the dis-
lodgement of previously deposited seminal plugs (Hart &
Melese-D’Hospital, 1983).

The absence of extrinsic connections of the M. ischiocav-
ernosus and M. bulbospongiosus in marsupials suggests
that these muscles are unable to produce any leverage that
might function in eversion of the penis from the cloaca or
movements of the penis once erect. Further, there is no pos-
sibility of muscular contraction compressing the penis
against the pubis to restrict venous blood flow. Indeed, this
same observation was made by Cowper (1704) in his
account of the male reproductive organs of the opossum
over 300 years ago! It seems likely that this arrangement in
marsupials may reflect the plesiomorphic anatomy of the
Therian mammalian penis, and that the condition in



placentals is more derived. It would be of great interest to
examine the arrangement in monotremes to further inform
this hypothesis. Owen (1839b) describes the proximal por-
tion of the vascular tissue of the penis in monotremes as
having two ‘lateral moieties’ separated by a median sep-
tum, both enclosed within a common dense fibrous sheath
(Owen, 1839b, p. 392). There is no information, however,
regarding how these structures relate to the arrangement
of cavernous tissues within the penis, nor any muscular con-
tributions to these structures. Further work on monotremes
may help to clarify whether the condition in marsupials (as
described here) does indeed reflect the plesiomorphic con-
dition in Therian mammals or divergent evolution between
the marsupial and placental clades.

Martin et al. (2018) reported that both M. ischiocaver-
nosus and M. bulbospongiosus grow in proportion to body
mass (mp) and are positively correlated with forelimb mus-
cularity of the animal, a feature demonstrated to be under
sexual selection in western grey kangaroos Warburton et al.
(2013). Martin et al. (2018) found that M. ischiocavernosus
(crural bulb) represented 0.121% of total m,, in adult males
(roughly 67 g for the average male mass of 54.3 kg) and
were 40% heavier during the breeding (0.141% my) than
the non-breeding (0.101% m,) season. The M. bulbospon-
giosus (urethral bulb) represents 0.037% of total my in
adult males, roughly 20 g for the average male, and were
48% heavier during the breeding (0.046% m,) than the
non-breeding (0.031% my) season. As skeletal muscle
responds to testosterone, it may be that increased circulat-
ing testosterone levels during the breeding season results in
increased mass of the M. ischiocavernosus and M. bul-
bospongiosus. Skeletal muscles also respond to load;
increased activity during the breeding season may therefore
also contribute to observed increase in mass. Seasonal
changes in the mass of the cavernous muscles have not (to
our knowledge) been published for any other mammal. It
would be interesting to know whether similar changes
occur in placental mammals and the extent to which this
varies between species with different penile structure and
function.

In marsupials, as exemplified by the kangaroo, the left
and right M. bulbospongiosi remain separate from one
another, in contrast to placental mammals in which the two
muscles fuse with one another ventrally along the medial
raphe, forming a single urethral bulb. This double character
of the bulb has been considered necessary to maintain the
turgescence of the double or forked glans so characteristic
of most marsupials (Young, 1879). However, our study sug-
gests that the separate, paired nature of the M. bulbospon-
giosus is likely a plesiomorphic condition for Therian
mammals. Elaboration of the glans is found in many didel-
phid (Didelphidae; Martin et al. 2018) and carnivorous mar-
supials (Dasyuridae, including genera with varied urethral
appendages; Biggers, 1966), as well as bilbies (Thylacomyi-
dae, which have bifurcation of both the glans and terminal
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urethra) (Woolley & Webb, 1977). As far as we are aware,
however, the corpus spongiosum has not been shown to
have any bilateral division within the body of the penis,
and thus any separation of function between the two
M. bulbospongiosi seems unlikely. Rather, the two separate
M. bulbospongiosi are more likely to reflect the bilateral
development of the reproductive organs. Partial division of
the bulb of the corpus spongiosum is evident in a vascular
cast of the dog penis (Murdoch University Veterinary
Anatomy Museum) and the associated M. bulbospongiosus
are paired, though closely situated. Future work to examine
the structure and function of these muscles in a more
diverse sample of mammals and reptiles would enable
a much better understanding of the evolution of this
functional system.

Conclusions

This investigation has clarified the gross and histological
anatomy of the cavernous tissues of the kangaroo penis
and associated muscular structures and confirms these as
the M. ischiocavernosus and M. bulbospongiosus and
therefore homologous with those of placental mammals.
Further, it highlights an important structural difference,
which is thus likely to be a functional difference, in the
male reproductive system between marsupials and placen-
tals, particularly in relation to the M. ischiocavernosus and
M. bulbospongiosus. We suggest that these muscles in mar-
supials function purely as mechanical pumps for generating
suprasystolic pressures in the cavernous tissues of the penis
during the process of engorgement/erection and ejacula-
tion, and, in contrast to the penis of placental mammals,
they are not adapted for generating movement of the
penis relative to the cloaca or pelvis. Ideally, in vivo testing
of blood flow and pressure changes within these tissues
during normal function would be required to confirm this
hypothesis; however, such invasive experiments are difficult
to perform. Further histological work to describe the com-
position and structure of the M. ischiocavernosus and
M. bulbospongiosus in other vertebrate taxa (including rep-
tiles, monotreme, marsupial and placental mammals) is
needed to establish whether the muscular structures
described here for kangaroos reflects an adaptation linked
to their divergent patterns of reproduction and develop-
ment or the plesiomorphic condition in Therian mammals.
This work in marsupials demonstrates that the functional
evolution of the mammalian penis is more diverse than has
previously been considered. Broader phylogenetic compar-
isons will then enable an analysis of the evolutionary history
of this intriguing functional system.
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