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Abstract

Chemical communication is the most ancient and widespread form of communication.
In many species, specialised structures called scent glands have evolved to facilitate
this communication. These glands vary considerably among species in structure, size,
body location and the composition of their secretions. Histological analysis is there-
fore required to confirm the presence of scent glands, identify secretion types and
assess potential roles of the immune system and microbiota in modifying secretions.
Here, we investigated the distribution and structure of scent glands in the banded
mongoose (Mungos mungo), a cooperatively breeding, group-living mammal. We
found that individuals possess two large (1.5 cm diameter) anal glands, each consist-
ing of a central sac surrounded by glandular tissue. This in turn is surrounded by a
layer of striated muscle, which likely facilitates the deposition of relatively large
quantities of odorous chemicals when engaging in deliberate scent marking behaviour.
The glands are lined by two different types of epithelia (keratinised and non-
keratinised) which may impact how immune genes such as the major histocompatibil-
ity complex (MHC) affect the microbiome of the glands, and therefore, the chemicals
that are secreted during scent marking. Additionally, we reveal a previously unidenti-
fied small (0.75 mm in length) scent gland in the cheek, which may be used for scent
marking. We provide evidence that banded mongooses may use their chin and abdo-
men for scent rubbing, as these regions are often rubbed in odorous substances, but
we found no evidence of specialised scent glands in these areas. Our findings high-
light the importance of integrating anatomical, behavioural and biochemical
approaches to understand the mechanisms and purposes of scent communication. This
study serves as a foundation for future research on the interplay between scent mark-
ing and rubbing behaviours, and the role of immune genes and microbiota in shaping
chemical communication in banded mongooses and other mammalian species.

mammalian communication, chemical signals are commonly

Introduction conveyed through scent marking, defined as the deposition of
Chemical communication is regarded as the earliest and most an odour into the environment (Johnson, 1973; Reiger, 1979).
extensive form of signalling among animals (Wyatt, 2014). In These odours often come from multiple sources and scent
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marking can occur through the deposition of urine, faeces and
glandular secretions (Kleiman, 1966; Macdonald, 1980).
Although originally thought to solely function as a territorial
defence strategy (Gosling, 1982; Hediger, 1949), scent marking
has also been observed in non-territorial species (Coombes
et al., 2018; Heymann, 2006; Johnson, 1973; Ralls, 1971),
suggesting alternative functions. There is growing empirical
evidence that the function of scent marking is multifaceted and
can communicate substantial information to conspecifics (Fer-
kin, 2019). For example, studies have shown that scent con-
veys information regarding the depositor’s identity (Kean
et al, 2015), the identity of their social group (Vaglio
et al.,, 2016), their sex and age (Linklater et al., 2013), repro-
ductive status (Mitchell, Cant, & Nichols, 2017), social status
(Burgener et al, 2009), genetic relatedness (Charpentier
et al, 2010), genetic diversity (Stoffel et al., 2015), MHC
composition (Radwan et al., 2008) and infection status (Mitch-
ell, Cant, Vitikainen, & Nichols, 2017). Furthermore, the same
information can be conveyed from different odour sources and
these sources can vary between species. For instance, reproduc-
tive status is communicated through urine in house mice Mus
musculus (Achiraman et al., 2010), vaginal and flank odours in
golden hamsters Mesocricetus auratus (Johnston, 2003) and
anal gland secretions in banded mongooses Mungos mungo
(Mitchell, Cant, & Nichols, 2017).

For chemical communication to occur, a secretion is usually
deposited from the animal into its environment (Johnson, 1973),
either by releasing odours into the air, or by employing mark-
ing behaviours that involve depositing the odour onto a sur-
face, either through urination/defecation or by rubbing the
region of the body in which the odour is located onto an
object or conspecific (Gorman & Trowbridge, 1989). Scent
marking also includes overmarking, in which the scent mark
of one individual is placed directly on top of a scent mark of
a conspecific (Johnson, 1973; Ralls, 1971). However, behav-
iours that appear to be scent marking may, in fact, represent
scent rubbing: A less understood action in which animals rub
their bodies in odorous substances to acquire scents, rather
than deposit them (Alfaro et al., 2012; Gosling &
McKay, 1990). For example, cheek and neck rubbing has been
documented in several mammalian species (Allen et al., 2017;
Charlton et al., 2020; Gosling & McKay, 1990; King
et al., 2016) and body rubbing is commonly exhibited by car-
nivores when individuals collapse their forelegs and push
themselves through an odorous substance using their hindlegs
(Reiger, 1979). However, it is unclear whether these rubbing
behaviours occur purely for the acquisition of odours, or also
for their deposition, as abdominal scent glands have been
found in several small mammals (reviewed in Bakshi, 2010).
Therefore, as scent marking and scent rubbing are observation-
ally similar, anatomical and histological investigations into the
presence of scent glands are needed to determine whether a
behaviour serves the purpose of depositing or acquiring scents.

Another contributing factor to variation in scent communica-
tion is the structure and function of scent-producing glands.
Scent glands are exocrine glands that release their secretions
onto bodily surfaces such as the skin or through ducts (Free-
man et al,, 2021). Mammals possess a wide range of such
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exocrine glands that support diverse communicative functions
(see Bakshi, 2010; Thiessen & Rice, 1976). These glands are
derived from a variety of skin structures, often comprising both
sebaceous  (oily) and  sudoriferous  (sweat) glands
(Albone, 1984), and have evolved to produce, deposit, store
and modify odours in several ways (Gorman & Trow-
bridge, 1989). Sebaceous glands produce sebum, a lipid-rich
secretion that is deposited on the surface of the skin (Paw-
lina, 2024) in a holocrine process, during which the cell pro-
ducing the secretion disintegrates and releases its content into
a secretory duct (Schneider & Paus, 2010). Due to their lon-
gevity in the external environment, sebaceous secretions are
often used for marking objects and conspecifics (Gorman &
Trowbridge, 1989). Most sebaceous glands are associated with
hair follicles, forming part of a pilosebaceous unit, which con-
sists of the gland, a hair follicle and an associated muscle
(Schneider et al., 2009). In this unit, sebum is secreted via the
pilosebaceous canal, which transports secretions to the skin
(Pawlina, 2024; Schneider et al., 2009). In deer, specialised
hairs called osmetrichia have evolved to allow the aggregation
of sebaceous secretions within the hair (Ajmat et al., 1999; de
la Pena et al., 2021; Miiller-Schwarze et al., 1977). However,
other sebaceous glands are free from hair follicles and deposit
their secretions onto the skin via a distinct secretory duct
(Schneider & Paus, 2010). While several functions of sebum
have been postulated (reviewed in Smith & Thiboutot, 2008;
Vanderwolf et al., 2023), the sebum from some modified seba-
ceous glands, such as the preputial glands of mice, has been
found to contain pheromones (Bronson & Caroom, 1971;
Zhang et al., 2008), suggesting these scent-producing chemi-
cals are gland-derived (Wyatt, 2017) and disseminated via the
sebum. In contrast to sebaceous glands, sudoriferous glands
secrete water-soluble secretions with low durability that are air-
borne or used to mark objects for short-term chemical commu-
nication (Gorman & Trowbridge, 1989). Like sebaceous
glands, sudoriferous glands can secrete directly onto the skin
(eccrine glands) or through the pilosebaceous canal leading
onto the skin (apocrine glands).

The complexity and specialisation of scent glands wvaries,
either occurring in higher numbers in certain regions of the
skin or evolving anatomical structures that can store and poten-
tially biochemically alter the secretions (Albone, 1984). For
example, anal glands, which are present in many mammal spe-
cies (McColl, 1965), have evolved from an invagination of the
skin to form a sac in which the secretions of associated seba-
ceous and apocrine glands are stored. These anal sacs provide
a moist, warm and often anaerobic environment that facilitates
microbial activity (Gorman & Trowbridge, 1989). In line with
previous literature in veterinary medicine (Ehrenzweig, 2018),
we refer to this entire structure as the anal gland, despite it
containing both glandular and non-glandular tissue. In contrast
to gland-derived chemicals, the fermentation hypothesis posits
that the set of volatiles emitted by an individual—referred to
as the volatilome—may be shaped by the microbial modifica-
tion of odorants and odourless precursors within secretions
(Natsch et al., 2003; Schubert et al., 2021). In the anal glands,
for example, the microbiota can alter the volatiles emitted
through the fermentation of protein and lipid-rich substrates to
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produce odorous metabolites (Gorman et al., 1974). Further-
more, variation within the bacterial communities that constitute
the microbiota has been found to contribute to variation in
odours that can lead to chemical recognition between social
groups in the spotted hyena Crocuta crocuta (Theis
et al.,, 2012) and between individuals in the Indian mongoose
Herpestes auropunctatus (Gorman, 1976). Experimentally
removing fermentative anaerobic bacteria from the anal glands
of Indian mongooses removed the volatile odorous components
of their scent marks (Gorman et al., 1974), indicating that, at
least in some scent glands, the microbiota is integral to the
production of chemical signals used in scent communication.

The microbiome is affected by external factors, such as the
microclimate of a body part (Spor et al., 2011), as well as by
internal factors, including the host’s immune response (Khan
et al., 2019). A crucial part of the adaptive immune system is
the MHC (Bjorkman et al., 1987). The MHC regulates dis-
crimination between self-derived and foreign peptides and initi-
ates the removal of peptides of pathogenic origin in jawed
vertebrates (Kaufman, 2018). Beyond its role in pathogen elim-
ination, the MHC also facilitates tolerance towards commensal
microbiota (Khan et al., 2019; Kubinak et al., 2015; reviewed
in Schubert et al.,, 2021). By regulating the immune response
to microbiota, the MHC could therefore influence the composi-
tion of the commensal microbial community (reviewed in
Schubert et al., 2021) and in turn impact the volatilome pro-
duced by the microbial community (Singh et al., 1990). Immu-
nological research has thus far mostly focused on investigating
interactions of the MHC with microbiota in the gut, but tissue-
specific differences between skin and gut (Spor et al., 2011)
could impede drawing universal conclusions for skin micro-
biota. In general, both tissues share characteristics that should
enable interactions between the MHC and microbiota on both
the skin and gut mucosa similarly (Artis, 2008; Pasparakis
et al, 2014). Despite these common mechanisms of MHC
interactions with microbiota in gut and skin, histology should
aid in identifying the specific cells and therefore potential path-
ways involved in the immune response towards microbiota
within scent glands.

Banded mongooses (Mungos mungo) present an excellent
opportunity for furthering our understanding of scent communi-
cation in mammals. These highly social, cooperatively breeding
African carnivores live in social groups of around 20 individ-
uals (Cant, 2000). Banded mongooses are territorial, and their
home ranges overlap considerably with neighbouring groups,
leading to frequent and violent intergroup conflicts (Cant
et al.,, 2013; Miiller & Manser, 2007). While previous studies
have found that scent marking is used for communication both
within and between groups (Miiller & Manser, 2008), scent
marking appears to play a greater role in intrasexual competi-
tion than in territorial defence (Jordan et al., 2010; Jordan,
Mwanguhya, Furrer, et al., 2011). Banded mongooses rely on
multiple sources for scent communication, with scent presenta-
tion experiments conducted in the wild demonstrating that fae-
ces, urine and anal gland secretions convey information
(Jordan et al., 2010; Miiller & Manser, 2008). However, other
body locations that may be used in scent communication
include the cheeks, chin and abdomen (Fig. 1).
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Like many other mammals (McColl, 1965), banded mon-
gooses are known to possess anal glands (Fig. 2). Multiple
studies have analysed anal gland marking behaviour (Mitchell,
Cant, & Nichols, 2017; Miiller & Manser, 2007, 2008) and the
chemical profiles of their anal gland secretions (Jordan
et al., 2010; Jordan, Manser, et al., 2011; Jordan, Mwanguhya,
Furrer, et al, 2011; Jordan, Mwanguhya, Kyabulima,
et al., 2011). Anal gland marking in banded mongooses
involves rubbing or dragging the anal region horizontally
across a substrate (Fig. la) and anal gland secretions are the
most commonly deposited odour cue (Mitchell, Cant, &
Nichols, 2017). The anal glands are located either side of the
anus, with the secretory ducts releasing their products either
side of an anal pouch (Fig. 2, Mitchell, 2017). While cats and
dogs possess anal glands that are involuntarily emptied during
defecation (Ehrenzweig, 2018), behavioural observations of
banded mongooses suggest that anal gland secretions are, at
least in part, deposited actively as a result of anal rubbing on
the ground without simultaneous defecation (Jordan
et al., 2010 and personal observation by NS), although passive
secretion may also occur during defecation.

Previous studies of banded mongooses have categorised
cheek rubbing (Fig. 1b) as a marking behaviour based on
behavioural observations (Jordan et al., 2010) and have
described cheek marks as ‘glandular secretions’ (Jordan, Man-
ser, et al.,, 2011), although neither glands nor secretions have
been formally identified. A distinct ‘spot’ is visible in both
cheeks of banded mongooses, defined by a small, round
patch of lighter skin surrounded by lighter and sparser fur
(Fig. 3). Similar potential cheek glands have also been anec-
dotally described in dwarf mongooses Helogale parvula
(Christensen et al., 2016; Rasa, 1973), with Rasa (1973) hav-
ing obtained an opaque secretion when the cheeks of dwarf
mongooses were stroked with a glass slide, although this
secretion appeared odourless to the human nose. Furthermore,
potential cheek marking has been observed in the yellow
mongoose Cynictis penicillata (Le Roux et al., 2008), with
dominant males increasing their cheek marking rates during
the breeding season, indicating this behaviour has a potential
role in olfactory mate guarding. However, without histological
confirmation of the presence of a scent gland, it is not possi-
ble to discriminate scent marking from scent rubbing
behaviour.

Other body parts potentially involved in scent marking
behaviour include the chin (Fig. 3b) and the abdomen
(Fig. 1c). Scent glands in the chin are well documented in the
European rabbit Oryctolagus cuniculus (Hayes et al.,, 2002;
Mykytowycz, 1965) and scent marking using the chin has also
been observed in male greater sac-winged bats Saccopteryx
bilineata (Caspers & Voigt, 2009). However, to the best of our
knowledge, there has been no anatomical or histological inves-
tigation confirming the presence of scent glands within the
facial region of any mongoose species. Moreover, abdominal
rubbing has been observed in banded mongooses but has not
yet been described, to the best of our knowledge, or linked to
scent marking behaviour in this species, nor its close relatives.

Fuelled by these behavioural observations, we explored the
location and histology of known and as yet undescribed scent
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Figure 1 Potential scent marking behaviours of banded mongooses, observed during a scent presentation trial (Schubert et al., 2024), in which
banded mongooses were individually presented with anal gland secretions of another individual on a white tile. (a) Anal marking, whereby the
individual rubs its anal region across the surface of the tile. (b) Facial rubbing, in which both cheeks and the chin are wiped across the tile. (c)
Body rubbing, where the front legs are used to drag the body forward across the tile, with the abdomen maintaining the largest area of contact
with the surface of the tile. Photo credit: Nadine Schubert.
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Figure 2 Anal region of a male banded mongoose. Arrows show the openings of the secretory ducts that lead from each sac of the anal glands
and terminate on either side of the anus within the anal pouch. Photo credit: Hazel Nichols.

Figure 3 The cheek and chin regions of banded mongooses. (a) The cheek spot of a wild banded mongoose (circle). (b) The cheek spot (circle)
and chin region (rectangle) of one of the euthanised adult females used in this study, prior to tissue sampling. Photo credit: Nadine Schubert.

glands in banded mongooses. The presence of anal glands in therefore investigated the overall histological structure of the
this species has already been established (Jordan et al., 2010; anal glands, identified glandular structures and determined the
Mitchell, Cant, & Nichols, 2017; Miiller & Manser, 2007), but mode of secretion. We also evaluated the potential for interac-
nothing is yet known about their internal structure. We tions between the microbiota present in the anal gland and the
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immune system, particularly the MHC. We predicted that anal
glands would be relatively large, contain both sebaceous and
apocrine glands and have associated striated muscle to allow
voluntary contractions of the gland. We also predicted blood
vessels would be present in close proximity to the anal glands
if immune regulation was to occur. In addition, we conducted
histological examinations to search for previously unidentified
scent glands, focusing on the cheeks, chin and abdomen. Our
aim was to determine whether the use of these regions is more
indicative of scent marking or scent rubbing, with the presence
of scent glands suggesting the former, and an absence of scent
glands suggesting the latter.

Materials and methods

Sample acquisition

Four adult female banded mongooses, obtained from the Bio-
bank of Odense Zoo (Odense, Denmark), were used for this
study. The individuals were aged between 2 and 11 years and
were captively bred, having been born in Odense Zoo or other
Danish zoos. Since the individuals were non-CITES listed sur-
plus animals, they were euthanised according to Danish law
and the tissue was made available for scientific research. The
animals were frozen immediately after death and removed from
the freezer the day before dissection. They were then slowly
thawed at room temperature and remained cold during
dissection.

Dissection and sample preparation

A CT and MRI scan were performed on one individual to
identify the exact location and size of the anal glands before
dissection (see Figure S1). This was done to identify their in
situ placement and minimise the risks of destroying the
glands during the dissection itself. Glandular structures in the
head region or the abdomen could not be identified on the
scans (Figure S2), so the dissections were approached with
extra care. Both anal glands and tissue encompassing the
cheek spot from both cheeks were excised from all four indi-
viduals (Fig. 3a). Abdomen tissue was excised from two
individuals and chin tissue from one individual. Due to the
large area of the abdomen, samples were taken from five
locations following an X-shaped pattern and avoiding the
mammary glands. All samples were stored in 10% formalde-
hyde solution for 48 h and were then embedded in paraffin
according to the protocol described in the Appendix Sl
(Table S1). The anal glands were kept intact or opened later-
ally to allow us to view the interior of the anal sac before
embedding.

Microtomy

The prepared paraffin blocks were serially cut using a rotary
microtome. Cheek, chin and abdominal tissue sections were
cut to a thickness of 6 um. Anal gland sections were cut to
10 um due to the increased fragility of the tissue resulting

M. H. Nicholl et al.

from the large lumen of the anal sac. Approximately every
third section was retained for microscopic analysis. Retained
sections were relaxed in a warm water bath heated to 42°C
before being placed onto glass slides that had been prepared
with a thin layer of protein glycerine (Morphisto, Germany) to
enhance adhesion of the tissue to the glass slides. Two sections
were mounted on each slide. The tissue sections were then
incubated overnight at 58°C to further fixate the tissue sections
on the glass slides. A total of 1134 sections were cut from
seven of the blocks containing anal gland tissue across all four
individuals; 403 sections were cut from six cheek samples
across all four individuals; 188 sections were cut from a single
chin; and 860 sections were cut from nine abdomen samples
across two individuals.

Histological staining and light microscopy

Sections on approximately every third slide from all tissue
samples were stained with haematoxylin and eosin (H&E) to
provide a general overview of tissue structures. Stained sec-
tions were covered with cytoseal XYL (Thermo Scientific).
Details of the staining procedure can be found in the
Appendix S1 (Table S2). Approximately every third stained
section (every 90 um for anal glands and every 54 pm for all
other tissue types) was initially examined. Where potential
glands were identified, samples from consecutive slides were
stained for further examination. Images were captured using
the light microscopic settings of the BZ-X800 fluorescence
microscope (Keyence, Neu-Isenburg, Germany).

Results

Anal glands

MRI and CT images of the anal gland can be found in the
Appendix S1 (Figure S1). All four individuals possessed two
anal glands dorsal to the anus, located either side of the anal
canal and measuring approximately 1.5 cm in diameter
(Fig. 4).

An overview of the general histology of the anal glands is
shown in Fig. 5. Each anal gland consisted of a single anal
sac with a large central lumen which serves as a reservoir for
secretory products. The anal sac was lined with keratinised
stratified squamous epithelium (Fig. 6a) and was connected
directly to the anal pouch via a single duct. This duct appeared
to be an extension of the anal sac wall and was therefore also
lined with keratinised epithelium. The anal sac was surrounded
by connective tissue, within which sebaceous and apocrine
glandular tissues occurred around the circumference of the anal
sac (Fig. 6b). Ducts were present within these glands in all
individuals and were found to have a smaller secretory duct
directly linking them to the anal sac (Fig. 6b). Unlike the epi-
thelium lining the anal sac, the epithelium lining the intra-
glandular ducts was non-keratinised stratified squamous
epithelium. A thin layer of striated muscle surrounded the
periphery of the anal glands following the distribution of the
glandular tissue but did not occur between the anal sac and
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(a) (b)

Scent gland histology in banded mongooses

© 1cm

1cm

Figure 4 Dissection of the anal glands. (a) The position of the anal glands (AG) at either side of the anal canal (dashed arrow). (b) Midline
section of the anal canal (AC) showing a single secretory duct (arrows) leading from each anal sac and terminating either side of the anus within
the anal pouch. (c) Midline section of an anal gland showing the lumen of an anal sac containing secretory products from the glands. Scale bars:

1 cm. Photo credit: Nadine Schubert.

Figure 5 An overview of the histology of the right (a) and left (b) anal glands from two adult female banded mongooses; stained with H&E,
original magnification x2. Each anal gland consists of a large central anal sac (AS) surrounded by glandular tissue (G). This glandular tissue is
directly surrounded by a layer of striated muscle (SM) that surrounds the anal sac and the glandular tissue. Multiple secretory ducts are shown
that are located within the gland tissue (**) or between the anal sac and anal canal (AC) (*) and protrude directly from the anal sac towards the

anal canal (D). Scale bars: 500 pum.

the anal canal. This area was comprised of connective tissue
that contained multiple ducts that were observed in all four
individuals (Fig. 7a) and the striated muscle layer was found
to surround the anal sac and around the posterior of these
ducts. Sebaceous glands were located around the periphery of
each duct, which release holocrine secretions into the lumen
through gaps in the non-keratinised stratified squamous epithe-
lium (Fig. 7b). Despite the ubiquity of these ducts, we were
unable to determine whether they are directly linked to the
anal sac and the anal canal. Multiple blood vessels were found

close to this ductal region between the anal sac and the anal
canal (Fig. 7c).

Cheek gland

We found evidence of a free modified sebaceous gland within the
dermis of a cheek from a single individual (Fig. 8). This cheek
gland was larger than the pilosebaceous complexes and exhibited
more irregular-shaped lobules than the comparatively more
defined sebaceous glands that partly constituted the surrounding
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(a) 500 ym (b) 500 um

Anal sac

Anal sac

Figure 6 The glands and epithelium of the anal glands; stained with H&E, original magnification (a) x2 and (b) x40. (a) The keratinised layer (K)
of the epithelium (E) of the anal sac is shown at higher magnification. The surrounding connective tissue (CT) and gland tissue (G) are also
present. (b) A small number of apocrine glands (A) are interspersed among more abundant sebaceous glandular tissue (G). The duct within this
gland tissue (**), in which traces of secretion can be seen, is connected to the anal sac via a smaller secretory duct (D). Unlike the anal sac, the
intraglandular duct is lined with non-keratinised epithelium. Scale bars: 500 um.

Figure 7 Secretory ducts located between the anal sac and anal canal; stained with H&E, original magnification (a) x2, (b, ¢) x10. (a) An
overview of the ducts and the sebaceous glands that surround them. (b) The holocrine secretions of the sebaceous glands (SG) appear to empty
directly into the ducts (D) via gaps within the epithelial lining (*). (c) Multiple blood vessels (marked with arrows) are present within the
connective tissue surrounding the ducts (D). Scale bars: 500 pm and 100 pum.
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B

Figure 8 A free modified sebaceous gland found in the cheek of an adult female banded mongoose; stained with H&E, original magnification (a)
x2 and (b) x20. (a) The cheek gland (boxed area) positioned within the dermis with a distinct secretory duct (D). Notice the cheek gland
presents larger, irregular-shaped lobules compared to the surrounding sebaceous glands (SG) associated with a hair follicle (HF). (b) The
secretory components of the cheek gland from (a) shown at higher magnification. Proliferating sebocytes (P) replenish the maturing sebocytes
(M), which undergo holocrine secretion (H) at the centre of the gland. The secretion is carried from the gland directly to the surface of the skin
via a duct (D), lined with stratified squamous epithelium (E). Scale bars: 500 um and 100 pm.

Figure 9 Sections of the dermis from the chin of an adult female banded mongoose; stained with H&E, original magnification (a) x2 and (b)
x10. (a) A transverse section of the chin showing numerous pilosebaceous units throughout the dermis. (b) A longitudinal section showing the
hair root (HR) and its associated sebaceous gland (SG). Scale bars: 500 um.

pilosebaceous units (Fig. 8a). Rather than secreting sebum
directly into the hair follicle, as pilosebaceous glands do, this
modified sebaceous cheek gland had a distinct duct lined with
potentially non-keratinised stratified squamous epithelium that
transports the holocrine secretion directly to the surface of the
skin (Fig. 8b).

Chin and abdomen

We found no histological evidence of any scent glands in the
chin (Fig. 9) or the abdomen (Fig. 10). Both locations con-
tained multiple pilosebaceous units, which were expected due
to hair being prominent in both locations.

Discussion

The aim of this study was to explore the locations, histological
structures and the mode of secretion of scent glands in banded
mongooses. We examined the histology of the anal glands,

which are known to have a role in chemical communication, and
explored the histology of the cheeks, chins and abdomens of
adult female banded mongooses. Consistent with our predictions,
the anal glands were relatively large and contained both apocrine
and sebaceous glands. The layer of striated muscle surrounding
the anal sac aligns with our prediction that banded mongooses
may voluntarily excrete anal gland secretions. The epithelium
lining the anal sac was keratinised, while the secretory ducts
were lined by non-keratinised epithelium, suggesting that the
potential for the immune system to regulate the microbiota
within the anal gland may vary depending on the gland location
in which the microbiota is found. We also observed several
blood vessels close to the anal gland, which may increase the
potential for immune regulation of the microbiota. Histological
analysis confirmed the presence of a yet undescribed sebaceous
scent gland in the cheek of the banded mongoose, suggesting
that cheek rubbing behaviour is likely involved in scent marking,
while the absence of scent glands in the chin and abdomen sug-
gests these locations are involved in scent rubbing.
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100 pm

Figure 10 Section of abdominal tissue showing the epidermis (E), dermis (DE), panniculus adipose (PA), panniculus muscle (PM) and striated
muscle (SM); stained with H&E, original magnification x10. Numerous pilosebaceous units are present throughout the dermis. Scale bar: 100 pm.

The anal glands of banded mongooses were relatively large
(1.5 cm diameter) compared to their body size (1-1.6 kg and
3045 cm in length excluding the tail, Stuart & Stuart, 2015),
allowing them to store and secrete a large amount of secretion
at any given time. Accordingly, a mean of 0.35 g (& 0.034 g
SE) of secretion was previously extracted from both glands of
21 live females, with a maximum extraction of 1.10 g (HIN,
unpublished data). Jordan, Manser, et al. (2011) found adult
banded mongooses preferentially overmarked scents from anal
gland secretions from the same sex, and this was driven by the
sex of the most recent overmark. Furthermore, males with
higher overmarking scores begin mate-guarding at an earlier
age, a behaviour which secures males the majority of the mat-
ings (Jordan, Mwanguhya, Furrer, et al., 2011). Therefore, pro-
ducing larger quantities of anal gland secretion may enhance
mating success by providing a competitive advantage during
intrasexual competition.

We identified both sebaceous and apocrine glands in the
anal glands of banded mongooses, supporting previous findings
in several mammalian species (McColl, 1965). Similarly, seba-
ceous and apocrine glands have been found in the preorbital
glands of ungulates (Moawad, 2016) and canines (Ehrenz-
weig, 2018), which also play a key role in olfactory communi-
cation, suggesting that these glands likely serve a similar
function in the anal glands of banded mongooses. Furthermore,
sebaceous and apocrine secretions have been found in the anal
gland secretions of Indian mongooses, which contribute to dis-
tinct odours used by conspecifics for individual recognition
(Gorman, 1976). Our histological analysis found that the seba-
ceous glands, which produce lipid-rich secretions that increase
the longevity of scent marks (Gorman & Trowbridge, 1989),
were notably larger and more abundant than the apocrine
glands. This aligns with observations of banded mongoose
marking behaviour, in which anal gland secretions are

frequently used to mark surfaces (Jordan et al., 2010) and
therefore must endure in the environment for long enough for
conspecifics to find them (Gorman & Trowbridge, 1989; Gos-
ling & Roberts, 2001). Our results also support previous gas
chromatography—mass spectrometry analysis of anal gland
secretions of banded mongooses, which found an abundance of
cholesterol, a relatively heavy molecule with low volatility
(Mitchell, Cant, & Nichols, 2017; Mitchell, Cant, Vitikainen,
& Nichols, 2017).

Regarding the method of excretion of the anal gland prod-
ucts, we found a layer of striated muscular tissue surrounding
the anal sac, a component generally associated with voluntary
control. However, the presence of striated muscle does not
negate the possibility of involuntary control, as observed in the
oesophagus, where striated muscle involved in swallowing ini-
tiates subsequent involuntary peristaltic contractions (Goyal &
Chaudhury, 2008). While dogs can only passively excrete from
their anal glands as a result of pressure created during defeca-
tion (Aronson, 2003), behavioural observations indicate that
banded mongooses can deposit anal gland secretions indepen-
dently of defecation (Jordan et al., 2010 and personal observa-
tion by NS). A similar situation occurs in spotted hyenas,
whereby the gland is protruded to deposit odorous paste (Bur-
gener et al., 2009). Nevertheless, given that voluntary and
involuntary control mechanisms can coexist, further investiga-
tions into the muscular control of the anal glands of banded
mongooses and other mammals are necessary to confirm the
extent of voluntary excretion.

Previous work has suggested that odours can be influenced
by the microbiome (Costello et al., 2009; Song et al., 2013),
in addition to internal factors such as an individual’s immune
response (Bard et al., 2000; Willse et al., 2006). Furthermore,
immunological evidence from medical research hints at a
potential interaction between immune genes, the microbiome
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and the chemical composition of scents (reviewed in Schubert
et al,, 2021). However, there are tissue-specific factors affect-
ing the cells involved in the immune response towards micro-
biota (Spor et al, 2011), that may lead to different
relationships in different tissues. For example, the gut is lined
by a mucosa with a non-keratinised epithelium and contains
excessive lymphatic tissue (reviewed in Artis, 2008), whereas
skin is mostly formed of keratinocytes and specialised immune
cells such as the Langerhans cells and dendritic epidermal
T cells (reviewed in Pasparakis et al., 2014). As the histology
of the anal gland of banded mongooses had not been previ-
ously investigated, potential immunological similarities with
other tissues remained unclear.

Our analysis of the anal gland in banded mongooses
revealed two distinct types of epithelia. The anal sac, in
which the secretion is presumably stored until excreted
through secretory ducts, was lined with keratinised epithelium,
whereas the secretory ducts found in the periphery of the anal
gland were lined with non-keratinised epithelium. This differ-
ence in epithelial structure may result in variation in MHC—
microbiota interactions within the anal gland compared to
other tissues, such as the gut, in addition to variation within
the anal gland itself. The MHC has the potential to eliminate
or induce tolerance towards the microbiota, and this could be
mediated by immunoglobulins like IgA on non-keratinised
mucosal surfaces (Cullender et al., 2013; Pabst, 2012; Peter-
son et al., 2007), such as those lining the secretory ducts.
Whether this mechanism similarly applies to keratinised,
non-mucosal epithelium within the anal sac remains unclear.
Furthermore, blood vessels were found in closer proximity to
the secretory ducts than the anal sac. This may contribute to
potential variation in the immunoregulation of the microbiota
in different regions of the anal gland as MHC-carrying cells
and antibodies may be able to access secretory ducts more
readily. Further research is needed to determine whether dif-
ferences in epithelial structure affect MHC-driven responses
and therefore microbial colonisation. Future studies could
explore the types of immune cells present within the anal
gland and compare microbial communities found within the
anal sac versus the secretory ducts to provide deeper insights
into how immune function and anal gland microbiota interact
in banded mongooses.

Banded mongooses have been observed rubbing their cheeks
against surfaces and this behaviour has been interpreted as a
form of scent marking (Jordan, Manser, et al., 2011), despite
the lack of an anatomical confirmation of scent glands in the
cheeks. Our histological analysis confirmed the presence of an
irregularly lobulated sebaceous gland exiting in a small secre-
tory duct in the cheek spot of one adult female. The overall
appearance of this gland is comparable to that of the abdomi-
nal gland of Mongolian gerbils Meriones unguiculatus, which
also consists of irregular lobules (Deutschland et al., 2011). As
the gland was only observed in one cheek in a single individ-
ual, it is possible that the gland was present in other samples
but was missed due to its small size (750 pm in length). How-
ever, this seems unlikely given that we inspected approxi-
mately 134 sections of the cheek area (sampled every ~54 pm)
from three further individuals and did not find any evidence of

Scent gland histology in banded mongooses

a cheek gland. Nevertheless, while tissue samples were placed
in paraffin blocks at different orientations to try and maximise
the chances of finding a gland, it is possible that structures in
transverse sections may have been less obvious compared to
longitudinal sections (see Fig. 9 for comparison) and therefore
could have been missed during analysis.

Alternatively, and possibly more plausibly, the presence,
absence and detectability of cheek glands may vary among
individuals depending on life-history traits such as age, repro-
ductive status and/or sex. While Rasa (1973) documented
cheek rubbing in dwarf mongoose pups as early as 30 days
old, which may be indicative of the presence of a scent gland,
Swanson and Norman (1978) found marking behaviour to be
independent of scent gland development in Mongolian gerbils.
Regardless, as all the banded mongooses in our study were
adults, age is unlikely to have influenced the presence of cheek
glands. However, scent glands may develop or enlarge in
response to reproductive status (Kumari & Prakash, 1983;
Tomiyasu et al., 2025). For example, yellow mongooses have
been observed to engage in cheek scent marking which
increases in frequency during the breeding season, suggesting
that the secretions in this species might be involved in olfac-
tory mate guarding (Le Roux et al., 2008). If scent glands in
banded mongooses also respond to reproductive status, this
may affect their conspicuousness in the dermal tissue. Further-
more, gland size may be related to sex. All individuals in our
study were female, but males may have larger and therefore
more detectable sebaceous scent glands if their size is modu-
lated by testosterone, as previously found in male goats (Iwata
et al.,, 2000) and male brown bears Ursus arctos (Tomiyasu
et al., 2018, 2025). As our study sample is constrained to adult
females of unknown breeding status (e.g. whether they were in
oestrous at the time of death), further studies are required to
determine the source of variation in the presence or absence of
cheek glands across individuals. Furthermore, neither histologi-
cal nor behavioural observations alone are sufficient to deter-
mine the function of a gland and further analyses of the cheek
glands of banded mongooses are needed. Behavioural experi-
ments should aim to identify the context in which cheek mark-
ing is used to help determine the purpose of the signals
conveyed through the secretion. This could be supported by
chemical analyses of cheek gland secretions, for example,
using gas chromatography—mass spectrometry, which could
help to identify the subsets of the volatilome that may be asso-
ciated with factors such as sex, reproductive state, genetic
makeup and age.

We did not find any evidence of specialised scent glands in
the tissue samples from the chin or abdomen. Both locations
exhibited a high volume of hair follicles, and while hair may
function in dispersing chemical signals produced by the associ-
ated sebaceous glands (Albone, 1984), this function cannot be
deduced through the histology of the pilosebaceous unit alone.
Although banded mongooses have been observed to rub their
chin and abdomen on surfaces, the absence of histological evi-
dence for specialised scent glands or osmetrichia in these areas
suggests that these behaviours may serve as scent rubbing
rather than scent marking. Moreover, the belly is an ideal part
of the body for picking up scent as central body regions are
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warmer than the extremities (Costa et al., 2018) and should
therefore aid in distributing volatiles effectively. This interpre-
tation aligns with findings from studies of yellow mongooses.
Pocock (1916) hypothesised that yellow mongooses do not
deposit scent, but acquire odours in a self-anointing manner, as
they exhibit rubbing behaviour similar to banded mongooses
and lack scent glands in their flanks. Similarly, banded mon-
gooses have been observed to roll in their own scent markings
as well as those of other group members (Cant et al., 2002).
Since banded mongooses are highly social, live in groups con-
sisting mostly of relatives (Cant et al, 2016; Wells
et al., 2018) and react aggressively towards intruders (Cant
et al.,, 2002), acquiring odours that signal relatedness or group
membership may be beneficial. Banded mongooses have been
observed to respond to relatedness in anal gland odours
(Mitchell et al., 2018; Schubert et al., 2024) and females pref-
erentially evict females that are more closely related to them-
selves (Thompson et al., 2017). Picking up odours of other
related individuals might signal relatedness and thereby trigger
acceptance, while at the same time disguise exact relatedness
levels. The resulting uncertainty about relatedness levels might
facilitate cooperation, aid in-group cohesion and increase indi-
vidual fitness (Frank, 2003; Marshall et al., 2021; Oka-
sha, 2012; Queller & Strassmann, 2013).

Our study was able to (1) examine the structure of banded
mongoose anal glands from a morphological to a cellular level,
(2) identify a likely scent gland in the cheek and (3) show that
banded mongooses appear to lack specialised scent glands in
the chin and abdomen. However, our results should be treated
with some caution as (due to the availability of tissues stored
in the biobank) we were only able to investigate these struc-
tures in up to four adult female banded mongooses. Future
studies would benefit from investigating potential scent glands
in males, as previous research has shown that scent marking
can differ between the sexes (Johnson, 1973; for banded mon-
gooses, see Mitchell, Cant, Vitikainen, & Nichols, 2017),
although Miiller and Manser (2008) observed only marginal
differences between male and female banded mongooses.
Including more individuals would also allow us to quantify
individual variation in scent gland location and structure, while
examining a broader range of age classes would further our
understanding of the ontogeny of scent glands, as scent mark-
ing behaviours often increase with the onset of sexual maturity
(Woodmansee et al., 1991), and associated physiological
changes in scent glands are likely. Finally, further investiga-
tions could explore the potential involvement of microbiota
and immune genes in generating odours. Bacteria-specific
staining techniques could be employed to detect the presence
of microbiota within the glands, and 16S rRNA sequencing
could help characterise bacterial communities and determine
whether aerobic or anaerobic microbes dominate. Analysis of
the microbiota would be highly feasible in the short term
through the collection of anal gland secretions from a habitu-
ated population of wild banded mongooses that have been part
of a long-term study in Queen Elizabeth National Park,
Uganda (Cant et al., 2013). To further examine the role of the
MHC, immunohistochemistry techniques could be used to
selectively stain MHC-carrying immune cells. Although
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species-specific antibodies for banded mongooses are not yet
available, future studies could test commercially available anti-
bodies from related species for cross-reactivity to visualise
MHC-carrying cells in the glands. Importantly, a
cross-disciplinary approach is likely to be highly beneficial to
moving this field of research forward, combining histological,
chemical and genomic techniques with behavioural observa-
tions (e.g. see Caspar et al., 2022; Charpentier et al., 2010;
Schubert et al., 2021).

Conclusion

Our study provides novel insights into the scent marking
mechanism of banded mongooses. We characterised the histo-
logical structures of the anal gland, which include both apo-
crine and sebaceous glands, and epithelial variation that may
influence immune—microbiota interactions. We confirmed the
presence of a previously undescribed sebaceous cheek gland,
which may be used to deposit lipid-rich secretions capable of
producing long-lasting odorous volatiles, indicating that cheek
rubbing functions as scent marking. In contrast, we found no
evidence of specialised scent glands in the chin or abdomen,
suggesting these body locations play a role in scent rubbing
rather than deposition. However, the precise mechanisms
underlying scent marking behaviours and the formation of
chemical cues that can be detected and interpreted by conspe-
cifics remain unclear. Given the complex interplay of internal
factors, gland structures and environmental influences, future
research should adopt an integrative approach. By combining
behavioural experiments with anatomical and histological ana-
lyses, chemical profiling of odour composition, genetic studies
examining links to immune genes like the MHC, and func-
tional analyses investigating microbiota’s role in producing
odorous compounds, we can develop a more comprehensive
understanding of the mechanisms underlying chemical commu-
nication through scent marking.

Acknowledgements

We thank the team at Odense Zoo for supporting our project
and providing us with samples. Moreover, we thank Mie Ring-
gaard Dollerup and the rest of the team at Aarhus University
Hospital, who allowed us to use their CT and MRI scanners
and applied their experience and knowledge to help us achieve
the best possible images. We also thank Tamara Ruf}, Susanne
Wiemann and Christian Andressen for their assistance in the
laboratory and helpful comments during analysis.

Author contributions

NS conceived the study. NS, AKOA and BS designed the
methodology. MHN, NS, AKOA and FH collected the data.
MHN, NS, AKOA and OLN analysed the data. BS provided
resources for data collection and analysis. JIH, JCW, BAC and
OK provided funding. MHN and NS wrote the initial manu-
script. AKOA, OLM, JIH, BAC, OK, HIN and JCW edited
the manuscript. All authors approved the final manuscript for
publication.

86 Journal of Zoology 328 (2026) 76-90 © 2025 The Author(s). Journal of Zoology published by John Wiley & Sons Ltd on behalf of Zoological Society of London.



M. H. Nicholl et al.

Funding

NS and MHN were supported in part by the German Research
Foundation (DFG) Project Number 416495992 to JW. MHN
was supported by the Swansea University Research Excellence
Scholarship Programme.

Conflict of interest

The authors declare that there are no conflicts of interest.

References

Achiraman, S., Archunan, G., Ponmanickam, P., Rameshkumar,
K., Kannan, S., & John, G. (2010). 1-lodo-2 methylundecane
[112MU]: An estrogen-dependent urinary sex pheromone of
female mice. Theriogenology, 74, 345-353.

Ajmat, M. T., Chamut, S., & Black-Décima, P. (1999).
“Osmetrichia” in the grey brocket deer (Mazama
gouazoubira). Biocell, 23, 171-176.

Albone, E. S. (1984). Mammalian semiochemistry: The
investigation of chemical signals between mammals. Wiley.
Alfaro, J. W. L., Matthews, L., Boyette, A. H., MacFarlan, S. J.,
Phillips, K. A., Faldtico, T., Ottoni, E., Verderane, M., Izar,

P., Schulte, M., Melin, A., Fedigan, L., Janson, C., & Alfaro,

M. E. (2012). Anointing variation across wild capuchin
populations: A review of material preferences, bout frequency
and anointing sociality in Cebus and Sapajus. American
Journal of Primatology, 74, 299-314.

Allen, M. L., Gunther, M. S., & Wilmers, C. C. (2017). The
scent of your enemy is my friend? The acquisition of large
carnivore scent by a smaller carnivore. Journal of Ethology,
35, 13-19.

Aronson, L. (2003). Rectum and anus. In D. H. Slatter (Ed.),
Textbook of small animal surgery (3rd ed., pp. 682-708).
Saunders.

Artis, D. (2008). Epithelial-cell recognition of commensal
bacteria and maintenance of immune homeostasis in the gut.
Nature Reviews Immunology, 8, 411-420.

Bakshi, S. (2010). Scent gland and its behavioral function in small
mammals — A review. Agricultural Revews, 31, 157-171.

Bard, J., Boyse, E. A., Yamazaki, K., Curran, M., Beauchamp,
G. K., Bard, J., Yamazaki, K., Curran, M., Boyse, E. A., &
Beauchamp, G. K. (2000). Effect of B2m gene disruption on
MHC-determined odortypes. Immunogenetics, 51, 514-518.

Bjorkman, P. J., Saper, M. A., Samraoui, B., Bennett, W. S,
Strominger, J. L., & Wiley, D. C. (1987). Structure of the
human class | histocompatibility antigen, HLA-A2. Nature,
329, 506-512.

Bronson, F. H., & Caroom, D. (1971). Preputial gland of the
male mouse; attractant function. Journal of Reproduction and
Fertility, 25, 279-282.

Burgener, N., Dehnhard, M., Hofer, H., & East, M. L. (2009).
Does anal gland scent signal identity in the spotted hyaena?
Animal Behaviour, 77, 707-715.

Scent gland histology in banded mongooses

Cant, M. A. (2000). Social control of reproduction in banded
mongooses. Animal Behaviour, 59, 147-158.

Cant, M. A., Nichols, H. J., Thompson, F. J., & Vitikainen, E.
(2016). Banded mongooses: Demography, life history, and social
behavior. In W. D. Koenig & J. L. Dickinson (Eds.), Cooperative
breeding in vertebrates: Studies of ecology, evolution, and
behavior (pp. 318-337). Cambridge University Press.

Cant, M. A., Otali, E., & Mwanguhya, F. (2002). Fighting and
mating between groups in a cooperatively breeding mammal,
the banded mongoose. Ethology, 108, 541-555.

Cant, M. A., Vitikainen, E., & Nichols, H. J. (2013).
Demography and social evolution of banded mongooses.
Advances in the Study of Behavior, 45, 407—445.

Caspar, K. R., Stopka, P, Issel, D., Katschak, K. H., Zollner, T.,
Zupanc, S., Zaéek, P., & Begall, S. (2022). Perioral secretions
enable complex social signaling in African mole-rats (genus
Fukomys). Scientific Reports, 12, 22366.

Caspers, B. A., & Voigt, C. C. (2009). Temporal and spatial
distribution of male scent marks in the polygynous greater
sac-winged bat. Ethology, 115, 713-720.

Charlton, B. D., Owen, M. A., Zhang, H., & Swaisgood, R. R.
(2020). Scent anointing in mammals: Functional and
motivational insights from giant pandas. Journal of
Mammalogy, 101, 582-588.

Charpentier, M. J. E., Crawford, J. C., Boulet, M., & Drea, C.
M. (2010). Message “scent”: Lemurs detect the genetic
relatedness and quality of conspecifics via olfactory cues.
Animal Behaviour, 80, 101-108.

Christensen, C., Kern, J. M., Bennitt, E., & Radford, A. N.
(2016). Rival group scent induces changes in dwarf mongoose
immediate behavior and subsequent movement. Behavioral
Ecology, 27, 1627-1634.

Coombes, H. A., Stockley, P., & Hurst, J. L. (2018). Female
chemical Signalling underlying reproduction in mammals.
Journal of Chemical Ecology, 44, 851-873.

Costa, C. M. A., Moreira, D. G., Sillero-Quintana, M., Brito, C.
J., de Azambuja Pussieldi, G., de Andrade Fernandes, A.,
Cano, S. P, & Bouzas Marins, J. C. (2018). Daily rhythm of
skin temperature of women evaluated by infrared thermal
imaging. Journal of Thermal Biology, 72, 1-9.

Costello, E. K., Lauber, C. L., Hamady, M., Fierer, N., Gordon, J.
1., & Knight, R. (2009). Bacterial community variation in human
body habitats across space and time. Science, 326, 1694—1697.

Cullender, T. C., Chassaing, B., Janzon, A., Kumar, K., Muller,
C. E., Werner, J. J., Angenent, L. T., Bell, M. E., Hay, A. G.,
Peterson, D. A., Walter, J., Vijay-Kumar, M., Gewirtz, A. T.,
& Ley, R. E. (2013). Innate and adaptive immunity interact to
quench microbiome flagellar motility in the gut. Cell Host &
Microbe, 14, 571-581.

de la Pefia, E., Martin, J., & Carranza, J. (2021). Ultrastructural
morphological features of the hair in a sexual signal: The dark
ventral patch of male red deer. Journal of Zoology, 313, 66-75.

Deutschland, M., Denk, D., Skerritt, G., & Hetzel, U. (2011).
Surgical excision and morphological evaluation of altered

Journal of Zoology 328 (2026) 76-90 © 2025 The Author(s). Journal of Zoology published by John Wiley & Sons Ltd on behalf of Zoological Society of London. 87



Scent gland histology in banded mongooses

abdominal scent glands in Mongolian gerbils (Meriones
unguiculatus). Veterinary Record, 169, 636.

Ehrenzweig, J. (2018). Novel fiber-rich supplement effective for
prevention and treatment of acute, episodic and chronic anal
gland disease in dogs and cats. International Journal of
Veterinary and Animal Medicine, 1, 104.

Ferkin, M. H. (2019). Scent marks of rodents can provide
information to conspecifics. Animal Cognition, 22, 445-452.

Frank, S. A. (2003). Repression of competition and the
evolution of cooperation. Evolution, 57, 693-705.

Freeman, S. C., Malik, A., & Basit, H. (2021). Physiology,
exocrine gland. StatPearls.

Gorman, M. L. (1976). A mechanism for individual recognition
by odour in Herpestes auropunctatus (Carnivora: Viverridae).
Animal Behaviour, 24, 141-145.

Gorman, M. L., Nedwell, D. B., & Smith, R. M. (1974). An
analysis of the contents of the anal scent pockets of Herpestes
auropunctatus (Carnivora: Viverridae). Journal of Zoology,
172, 389-399.

Gorman, M. L., & Trowbridge, B. J. (1989). The role of odor in
the social lives of carnivores. In J. L. Gittleman (Ed.),
Carnivore behavior, ecology, and evolution (pp. 57-88).
Springer US.

Gosling, L. M. (1982). A reassessment of the function of scent
marking in territories. Zeitschrift fiir Tierpsychologie, 60, 89—
118.

Gosling, L. M., & McKay, H. V. (1990). Scent-rubbing and
status signalling by male mammals. Chemoecology, 1, 92-95.

Gosling, L. M., & Roberts, S. C. (2001). Testing ideas about the
function of scent marks in territories from spatial patterns.
Animal Behaviour, 62, F7-F10.

Goyal, R. K., & Chaudhury, A. (2008). Physiology of normal
esophageal motility. Journal of Clinical Gastroenterology, 42,
610-619.

Hayes, R. A., Richardson, B. J., & Wyllie, S. G. (2002).
Semiochemicals and social signaling in the wild European
rabbit in Australia: 1. Scent profiles of chin gland secretion
from the field. Journal of Chemical Ecology, 28, 363-384.

Hediger, H. (1949). Saugetier-territorien und ihre markierung.
Bijdragen tot de Dierkunde, 28, 172—184.

Heymann, E. W. (2006). Scent marking strategies of new world
primates. American Journal of Primatology, 68, 650—661.

Iwata, E., Wakabayashi, Y., Kakuma, Y., Kikusui, T., Takeuchi,
Y., & Mori, Y. (2000). Testosterone-dependent primer
pheromone production in the sebaceous gland of male goat.
Biology of Reproduction, 62, 806-810.

Johnson, R. P. (1973). Scent marking in mammals. Animal
Behaviour, 21, 521-535.

Johnston, R. E. (2003). Chemical communication in rodents:
From pheromones to individual recognition. Journal of
Mammalogy, 84, 1141-1162.

Jordan, N. R., Manser, M. B., Mwanguhya, F., Kyabulima, S.,
Riiedi, P., & Cant, M. A. (2011). Scent marking in wild
banded mongooses: 1. Sex-specific scents and overmarking.
Animal Behaviour, 81, 31-42.

M. H. Nicholl et al.

Jordan, N. R., Mwanguhya, F., Furrer, R. D., Kyabulima, S.,
Riiedi, P, & Cant, M. A. (2011). Scent marking in wild
banded mongooses: 2. Intrasexual overmarking and
competition between males. Animal Behaviour, 81, 43-50.

Jordan, N. R., Mwanguhya, F., Kyabulima, S., Riiedi, P., & Cant,
M. A. (2010). Scent marking within and between groups of wild
banded mongooses. Journal of Zoology, 280, 72—83.

Jordan, N. R., Mwanguhya, F., Kyabulima, S., Riiedi, P., Hodge,
S. J., & Cant, M. A. (2011). Scent marking in wild banded
mongooses: 3. Intrasexual overmarking in females. Animal
Behaviour, 81, 51-60.

Kaufman, J. (2018). Unfinished business: Evolution of the MHC
and the adaptive immune system of jawed vertebrates. Annual
Review of Immunology, 36, 383—409.

Kean, E. F., Chadwick, E. A., & Miiller, C. T. (2015). Scent
signals individual identity and country of origin in otters.
Mammalian Biology, 80, 99—105.

Khan, A. A., Yurkovetskiy, L., O’Grady, K., Pickard, J. M., de
Pooter, R., Antonopoulos, D. A., Golovkina, T., &
Chervonsky, A. (2019). Polymorphic immune mechanisms
regulate commensal repertoire. Cell Reports, 29, 541-550.

King, T. W., Salom-Pérez, R., Shipley, L. A., Quigley, H. B., &
Thornton, D. H. (2016). Ocelot latrines: Communication
centers for neotropical mammals. Journal of Mammalogy, 98,
106-113.

Kleiman, D. G. (1966). Scent marking in the Canidae. Symposia
of the Zoological Society of London, 18, 167-177.

Kubinak, J. L., Stephens, W. Z., Soto, R., Petersen, C., Chiaro,
T., Gogokhia, L., Bell, R., Ajami, N. J., Petrosino, J. F.,
Morrison, L., Potts, W. K., Jensen, P. E., O’Connell, R. M., &
Round, J. L. (2015). MHC variation sculpts individualized
microbial communities that control susceptibility to enteric
infection. Nature Communications, 6, 8642.

Kumari, S., & Prakash, A. R. (1983). Seasonal variation in the
dimension of scent-marking gland of three desert rodents and
its possible relationship with their reproductive performance.
Proceedings: Animal Sciences, 92, 299-304.

Le Roux, A., Cherry, M. L., & Manser, M. B. (2008). The
effects of population density and sociality on scent marking in
the yellow mongoose. Journal of Zoology, 275, 33-40.

Linklater, W. L., Mayer, K., & Swaisgood, R. R. (2013).
Chemical signals of age, sex and identity in black rhinoceros.
Animal Behaviour, 85, 671-6717.

Macdonald, D. W. (1980). Patterns of scent marking with urine
and Faeces amongst carnivore communities. Symposia of the
Zoological Society of London, 45, 107-139.

Marshall, H. H., Johnstone, R. A., Thompson, F. J., Nichols, H.
J., Wells, D., Hoffman, J. 1., Kalema-Zikusoka, G., Sanderson,
J. L., Vitikainen, E. 1. K., Blount, J. D., & Cant, M. A.
(2021). A veil of ignorance can promote fairness in a mammal
society. Nature Communications, 12, 3717.

McColl, I. (1965). The comparative anatomy and pathology of
anal glands. Arris and gale lecture delivered at the Royal
College of Surgeons of England on 25th February 1965. The
Royal College of Surgeons of England, 40, 36—67.

88 Journal of Zoology 328 (2026) 76-90 © 2025 The Author(s). Journal of Zoology published by John Wiley & Sons Ltd on behalf of Zoological Society of London.



M. H. Nicholl et al.

Mitchell, J. (2017). Odour signals contain multi-modal
information in the banded mongoose (Mungos mungo). PhD
thesis, Liverpool John Moores University.

Mitchell, J., Cant, M. A., & Nichols, H. J. (2017). Pregnancy is
detected via odour in a wild cooperative breeder. Biology
Letters, 13, 20170441.

Mitchell, J., Cant, M. A., Vitikainen, E. 1. K., & Nichols, H. J.
(2017). Smelling fit: Scent marking exposes parasitic infection
status in the banded mongoose. Current Zoology, 63,
237-247.

Mitchell, J., Kyabulima, S., Businge, R., Cant, M. A, &
Nichols, H. J. (2018). Kin discrimination via odour in the
cooperatively breeding banded mongoose. Royal Society Open
Science, 5, 171798.

Moawad, U. K. (2016). Morphological, histochemical and
morphometric studies of the preorbital gland of adult male
and female Egyptian native breeds of sheep (Ovis aries).
Asian Journal of Animal and Veterinary Advances, 11,
771-782.

Miiller, C. A., & Manser, M. B. (2007). “Nasty neighbours”
rather than “dear enemies” in a social carnivore. Proceedings
of the Royal Society B: Biological Sciences, 274, 959-965.

Miiller, C. A., & Manser, M. B. (2008). Scent-marking and
intrasexual competition in a cooperative carnivore with low
reproductive skew. Ethology, 114, 174-185.

Miiller-Schwarze, D., Volkman, N. J., & Zemanek, K. F. (1977).
Osmetrichia: Specialized scent hair in black-tailed deer.
Journal of Ultrastructure Research, 59, 223-230.

Mykytowycz, R. (1965). Further observations on the territorial
function and histology of the submandibular cutaneous (chin)
glands in the rabbit, Oryctolagus cuniculus (L.). Animal
Behaviour, 13, 400-412.

Natsch, A., Gfeller, H., Gygax, P., Schmid, J., & Acuna, G.
(2003). A specific bacterial aminoacylase cleaves odorant
precursors secreted in the human axilla. Journal of Biological
Chemistry, 278, 5718-5727.

Okasha, S. (2012). Social justice, genomic justice and the veill
of ignorance: Harsanyi meets mendel. Economics and
Philosophy, 28, 43-71.

Pabst, O. (2012). New concepts in the generation and functions
of IgA. Nature Reviews Immunology, 12, 821-832.

Pasparakis, M., Haase, I., & Nestle, F. O. (2014). Mechanisms
regulating skin immunity and inflammation. Nature Reviews
Immunology, 14, 289-301.

Pawlina, W. (2024). Histology: A text and atlas with correlated
cell and molecular biology (9th ed.). Wolters Kluwer.

Peterson, D. A., McNulty, N. P., Guruge, J. L., & Gordon, J. L.
(2007). IgA response to symbiotic bacteria as a mediator of
gut homeostasis. Cell Host & Microbe, 2, 328-339.

Pocock, R. (1916). On the external characters of the mongoose
(Mungotide). Proceedings of the Zoological Society of
London, 86, 349-374.

Queller, D. C., & Strassmann, J. E. (2013). The veil of
ignorance can favour biological cooperation. Biology Letters,
9, 20130365.

Scent gland histology in banded mongooses

Radwan, J., Tkacz, A., & Kloch, A. (2008). MHC and
preferences for male odour in the bank vole. Ethology, 114,
827-833.

Ralls, K. (1971). Mammalian scent marking. American
Association for the Advancement of Science, 171, 443-449.

Rasa, O. A. E. (1973). Marking behaviour and its social
significance in the African dwarf mongoose, Helogale
undulata rufula. Zeitschrift fir Tierpsychologie, 32, 293-318.

Reiger, 1. (1979). Scent rubbing in carnivores. Carnivore, 2,
17-25.

Schneider, M., & Paus, R. (2010). Sebocytes, multifaceted
epithelial cells: Lipid production and holocrine secretion. The
International Journal of Biochemistry & Cell Biology, 42,
181-185.

Schneider, M. R., Schmidt-Ullrich, R., & Paus, R. (2009). The
hair follicle as a dynamic Miniorgan. Current Biology, 19,
R132-R142.

Schubert, N., Nichols, H. J., & Winternitz, J. C. (2021). How
can the MHC mediate social odor via the microbiota
community? A deep dive into mechanisms. Behavioral
Ecology, 32, 359-373.

Schubert, N., Stober, C., Born, M., Mwanguhya, F., Businge, R.,
Kyambulima, S., Mwesige, K., Cant, M. A., Nichols, H. J., &
Winternitz, J. C. (2024). Banded mongooses discriminate
relatedness and MHC diversity in unfamiliar conspecifics.
bioRxiv. https://doi.org/10.1101/2024.12.22.629965

Singh, P. B., Herbert, J., Roser, B., Amott, L., Tucker, D. K., &
Brown, R. E. (1990). Rearing rats in a germ-free environment
eliminates their odors of individuality. Journal of Chemical
Ecology, 16, 1667-1682.

Smith, K. R., & Thiboutot, D. M. (2008). Thematic review
series: Skin lipids. Sebaceous gland lipids: Friend or foe?
Journal of Lipid Research, 49, 271-281.

Song, S. J., Lauber, C., Costello, E. K., Lozupone, C. A.,
Humphrey, G., Berg-Lyons, D., Caporaso, J. G., Knights, D.,
Clemente, J. C., Nakielny, S., Gordon, J. 1., Fierer, N., &
Knight, R. (2013). Cohabiting family members share
microbiota with one another and with their dogs. eLife, 2,
e00458.

Spor, A., Koren, O., & Ley, R. (2011). Unravelling the effects
of the environment and host genotype on the gut microbiome.
Nature Reviews Microbiology, 9, 279-290.

Stoffel, M. A., Caspers, B. A., Forcada, J., Giannakara, A.,
Baier, M., Eberhart-Phillips, L., Miiller, C., & Hoffman, J. L.
(2015). Chemical fingerprints encode mother-offspring
similarity, colony membership, relatedness, and genetic quality
in fur seals. Proceedings of the National Academy of Sciences
of the United States of America, 112, E5005-E5012.

Stuart, C., & Stuart, M. (2015). Stuarts’ field guide to mammals
of southern Africa: Including Angola, Zambia & Malawi (5th
ed.). Struik Nature.

Swanson, H. H., & Norman, M. E. (1978). Central and
peripheral action of testosterone propionate on scent gland
morphology and marking behaviour in the Mongolian gerbil.
Behavioural Processes, 3, 9-19.

Journal of Zoology 328 (2026) 76-90 © 2025 The Author(s). Journal of Zoology published by John Wiley & Sons Ltd on behalf of Zoological Society of London. 89


https://doi.org/10.1101/2024.12.22.629965

Scent gland histology in banded mongooses

Theis, K. R., Schmidt, T. M., & Holekamp, K. E. (2012).
Evidence for a bacterial mechanism for group-specific social
odors among hyenas. Scientific Reports, 2, 615.

Thiessen, D., & Rice, M. (1976). Mammalian scent gland marking
and social behavior. Psychological Bulletin, 83, 505-539.

Thompson, F. J., Cant, M. A., Marshall, H. H., Vitikainen, E. L.
K., Sanderson, J. L., Nichols, H. J., Gilchrist, J. S., Bell, M.
B. v., Young, A. J., Hodge, S. J., & Johnstone, R. A. (2017).
Explaining negative kin discrimination in a cooperative
mammal society. Proceedings of the National Academy of
Sciences of the United States of America, 114, 5207-5212.

Tomiyasu, J., Matsumoto, N., Katsushima, H., Nishijima, A.,
Hagino, K., Sakamoto, H., & Yanagawa, Y. (2025).
Association between Back scent gland development and
reproductive status in male Brown bears (Ursus arctos).
Journal of Experimental Zoology Part A: Ecological and
Integrative Physiology, 343, 629-635.

Tomiyasu, J., Yanagawa, Y., Sato, Y., Shimozuru, M., Nagano,
M., Sasaki, M., Sakamoto, H., Matsumoto, N., Kobayashi, K.,
Kayano, M., Haneda, S., & Matsui, M. (2018).
Testosterone-related and seasonal changes in sebaceous glands
in the back skin of adult male brown bears (Ursus arctos).
Canadian Journal of Zoology, 96, 205-211.

Vaglio, S., Minicozzi, P., Romoli, R., Boscaro, F., Pieraccini, G.,
Moneti, G., & Moggi-Cecchi, J. (2016). Sternal gland
scent-marking signals sex, age, rank, and group identity in
captive mandrills. Chemical Senses, 41, 177-186.

Vanderwolf, K., Kyle, C., & Davy, C. (2023). A review of
sebum in mammals in relation to skin diseases, skin function,
and the skin microbiome. PeerJ, 11, €16680.

M. H. Nicholl et al.

Wells, D. A., Cant, M. A., Nichols, H. J., & Hoffman, J. I.
(2018). A high-quality pedigree and genetic markers both
reveal inbreeding depression for quality but not survival in a
cooperative mammal. Molecular Ecology, 27, 2271-2288.

Willse, A., Kwak, J., Yamazaki, K., Preti, G., Wahl, J. H., &
Beauchamp, G. K. (2006). Individual odortypes: Interaction of
MHC and background genes. Immunogenetics, 58, 967-982.

Woodmansee, K. B., Zabel, C. J., Glickman, S. E., Frank, L. G.,
& Keppel, G. (1991). Scent marking (pasting) in a colony of
immature spotted hyenas (Crocuta crocuta): A developmental
study. Journal of Comparative Psychology, 105, 10-14.

Wyatt, T. D. (2014). Pheromones and animal behavior:
Chemical signals and signatures (2nd ed.). Cambridge
University Press.

Wyatt, T. D. (2017). Pheromones. Current Biology, 27,
R739-R743.

Zhang, J. X., Liu, Y. J., Zhang, J. H., & Sun, L. (2008). Dual role
of preputial gland secretion and its major components in sex
recognition of mice. Physiology and Behavior, 95, 388-394.

Supporting Information

Additional Supporting Information may be found in the online
version of this article:

Table S1. Paraffin embedding protocol.

Table S2. H&E staining protocol.

Figure S1. MRI and CT scan of banded mongoose anal
glands.

Figure S2. MRI and CT scans of banded mongoose head
and abdomen.

90 Journal of Zoology 328 (2026) 76-90 © 2025 The Author(s). Journal of Zoology published by John Wiley & Sons Ltd on behalf of Zoological Society of London.



	Histological analysis of scent glands in banded mongooses, with implications for chemical communication
	 Abstract
	 Introduction
	 Materials and methods
	 Sample acquisition
	 Dissection and sample preparation
	 Microtomy
	 Histological staining and light microscopy

	 Results
	 Anal glands
	 Cheek gland
	 Chin and abdomen

	 Discussion
	 Conclusion
	 Acknowledgements
	 Author contributions
	 Funding
	 Conflict of interest
	 References
	Supporting Information


