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A Sternal Gland in the Siamang Gibbon
(Hylobates syndactylus)

Thomas Geissmann®
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The present report gives the first description of a sternal gland in the siamang
gibbon, Hylobates syndactylus, and the first histological examination of a sternal
gland in a hominoid primate other than the orang-utan. The gland does not seem to
be used for any kind of marking behavior, in contrast to the sternal glands in many
other primates and some other mammals. The sternal gland of the siamang may be
derived from a marking gland which specialized secondarily to serve
parallelfunctions like those served by the axillary organs of humans and the African
apes. A role of the gland in olfactory communication and a possible minor role in
thermoregulation are discussed.

KEY WORDS: sternal gland; Hylobates syndactylus; siamang; olfactory communication;
gibbons.

INTRODUCTION

Nonhuman primates have a large variety of cutaneous glands (Mon-
tagna, 1972). Glandular concentrations are more common in some regions of
the skin than in others. One of the most important of these regions is the
medial anterior part of the chest (Montagna and Ellis, 1963; Montagna and
Yun, 1962; Sprankel, 1962), where concentrations of glands may actually
form glandular organs commonly called sternal glands. Glands and glandular
concentrations occur in the sternal region in many primate species (Table
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Table I. Occurrence of Cutaneous Glands on the Medial Anterior Part of the Chest in Primates
Species Evidence® Reference

Microcebus coquereli Petter et al. (1977)
Phaner furcifer Petter et al. (1977)
Rumpler and Andriamiandra (1971)
Petter et al. (1977)
Rumpler and Andriamiandra (1971)
Petter et al. (1977)

Petter (1965)

Petter et al. (1977)
Rumpler and Andriamiandra (1971)
Jolly (1966)
Mertl-Millhollen (1979)
Petter et at (1977)

Richard (1974)

Rumpler and Andriamiandra (1971)
Zeller (1984, 1986)
Bearder and Doyle (1974)
Clark (1978)

Dixson (1976)

Sauer (1974)

Clark (1986)

Bearder and Doyle (1974)
Sauer (1974)

Hill (1951)

Hill at at (1952)

Arao and Perkins (1969)
Hill (1951, 1955)

Hill at at (1952)

Christen (1974)

Epple and Lorenz (1967)
Perkins (1968)

Epple (1972)

Epple and Lorenz (1967)
Perkins (.1969b)

Epple and Lorenz (1967)
Box (1975)

Epple (1972)

Epple and Lorenz (1967)
Sutcliffe and Poole (1978)
Epple (1972)

Epple and Lorenz (1967)
Kleiman and Mack (1980)
Mack and Kleiman (1978)
Epple and Lorenz (1967)
Epple (1972)

Epple and Lorenz (1967)
Epple and Lorenz (1967)
Epple and Lorenz (1967)
Epple and Lorenz (1967)
Epple and Lorenz (1967)
Izawa (1978)

Perkins (1966)

Epple (1972)

Epple and Lorenz (1967)
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Varecia variegata
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Hapalemur simus
Propithecus sp.
Propithecus diadema
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Propithecus verreauxi
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Galago crassicaudatus
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Galago garnettii
Galago moholi
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Tarsius bancanus

Tarsius syrichta
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Cebuella pygmaea

Callithrix argentata

Callithrix humeralifer
Callithrix jacchus
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Leontopithecus rosalia

w
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Saguinus fuscicollis
Saguinus geoffroyi

w

Saguinus labiatus
Saguinus midas
Saguinus mystax
Saguinus nigricollis

w

Saguinus oedipus
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Table I. Continued

Species

Evidence®

Reference

Callimico goeldii

1,3

Epple and Lorenz (1967)

4 Perkins (1969a)
Aotus trivirgatus 3 Epple and Lorenz (1967)
4 Hanson and Montagna (1962)
Callicebus moloch 3 Epple and Lorenz (1967)
1,2,3 Mason (1966)
1,2,3 Moynihan (1966)
Callicebus torquatus 3 Epple and Lorenz (1967)
1 Kinzey (1981)
Sairniri sciureus 1,3 Epple and Lorenz (1967)
3 Hill (1960)
4 Machida et al. (1967)
Cebus albifrons 1 Bernstein (1965)
Cebus apella 1,3 Dobroruka (1972)
3 Epple and Lorenz (1967)
Cebas capucinus 1,3 Epple and Lorenz (1967)
Cebus nigrivittatus 3 Dobroruka (1972)
Cacajao rubicundus 3 Epple and Lorenz (1967)
Pithecia monachus 3 Epple and Lorenz (1967)
Pithecia pithecia 1 Claussen (1982)
1 Dugmore (1986)
3 Epple and Lorenz (1967)
3,4 Hill (1960)
3 Sanderson (1949-1950)
Alouatta palliata 1 Eisenberg (1976)
1 Young (1982)
Alouatta seniculus 3 Epple and Lorenz (1967)
1 Sekulic and Eisenberg (1983)
Lagothrix lagothricha 1 Eisenberg (1976)
1,2,3 Epple and Lorenz (1967)
1 Schifter (1968)
Brachyteles arachnoides 3 Epple and Lorenz (1967)
Ateles sp. 3,4 Schwarz (1937)
Ateles belzebuth 3 Epple and Lorenz (1967)
Ateles fusciceps 1,2 Eiscnberg (1976)
Ateles geoffroyi 1,2,3 Epple and Lorenz (1967)
1,2 Klein and Klein (1971)
3,4 Wislocki and Schultz (1925)
Ateles paniscus 3 Wislocki and Schultz (1925)
Cercopithecus aethiops 1 Gartlan and Brain (1968)
Cercopithecus hamlyni 1 Gautier-Hion (personal communication),
Loireau and Gautier-Hion (in press)
Cercopithecus neglectus 1 Gautier and Gautier (1977)
1,4 Gauticr-Hion (personal communication),
Loireau and Gautier-Hion (in press)
Cercopithecus nigroviridis 1 Gautier-Hion (personal communication),
Loircau and Gautier-Hion (in press)
Mandrillus leucophaeus 1 Fiedler (1957)
2,3 Hill (1944)
3,4 Hill (1954)
Mandrillus sphinx 1 Fiedler (1957)
3,4 Hill (1954)
Hylobates sp. 3 Pocock (1925)
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Table I. Continued

Species Evidence® Reference
Hylobates syndactylus 3,4 Geissmann (present report)
Pongo pygmaeus 3 Brandes (1939)
3,4 Schultz (1921)
3,4 Wislocki and Schultz (1925)

& 1, marking behavior on substrate; 2, other behaviors centering on sternal skin (e.g., rubbing
or scratching glandular area with hands, rubbing strong-smelling substances or saliva on
glandular area); 3, macroscopic modifications of skin and/or fur; 4, histological evidence.

I) as well as among Marsupialia, Chiroptera, and Scandentia (Hall and
Gordon, 1982; Hood and Smith, 1984; Schaffer, 1940; Schultze-Westrum,
1965; Sprankel, 1962).

However, among hominoids, such a gland is known only in the orang-
utan, Pongo pygmaeus (Brandes, 1939; Schultz, 1921; Wislocki and Schultz,
1925). Wislocki and Schultz (1925, P. 242) published a “list of those
primates which could be carefully examined, none of which showed a sternal
gland,” including the hylobatids “Symphalangus klossi, S. syndactylus,
Hylobates agilis, H. lar, H. concolor, H. mulleri.”

In contrast to these findings, Pocock (1925, 1944) suspected a sternal
gland in two captive male gibbons. Both animals had a dark patch in the
sternal region, in one animal covered with a dark, wet substance, and both
were thought by Pocock to have originated from Borneo. Bornean gibbons
may comprise more than one species (Chivers, 1977; Chivers and Gittins,
1978; Groves, 1984; Marshall et al., 1984; Marshall and Marshall, 1976), and
the identity of these animals is therefore not certain even if their origin had
been correctly assigned. [In many cases, gibbons in zoos have been
misidentified as Bornean gibbons or, conversely, have not been recognized as
such (Schilling, 1984a).] Moreover, Weber and Abel (1928) stated, without
anatomical proof, that the sternal patch observed by Pocock did not consist of
a glandular concentration.’

Lainé (cited by Dandelot 1960) reported that perspiration in a captive
male white-cheeked gibbon (Hylobates concolor leucogenys) and a female
pileated gibbon (H. pileatus) produced colored droplets, but he did not men-
tion on which region of the animals’ bodies the droplets were observed. Mon-
tagna and Yun (1962, p. 134) stated that the gibbon has “...a rich field of

2 “In dreieckigen nackten Brustfleck des Ménnchens von Hylobates leuciscus Miilleri, den
Pocock (1925) beschreibt, handelt es sich nicht um geh&ufte Driisen” (Weber and Abel, 1928,
p. 765).

3 “Nous avons remarqué que la sudation chez le méle (un Gibbon concolor leucogenys)
produit un suint en gouttelettes colorées qui tachent le linge et I’eau des bains en jaune foncé.
Ceci existe aussi chez la petite femelle (espece H. lar pileatus) mais le suint est moins coloré”
(Lainé; cited by Dandelot, 1960, p. 11).
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eccrine and apocrine glands on the anterior surface of the chest....” This
statement was repeated later by Montagna and Ellis (1963, p. 194), and Mon-
tagna recently (1985, p. 18) wrote that gibbons have a “scent-producing ap-
paratus...located in a sternal pit, above the manubrium of the sternum.”
Unfortunately, in none of these publications was the source of evidence
revealed.

The only published study known to me where the skin of a gibbon was
histologically examined in the region of the chest is that by Parakkal et al.
(1962). These authors did not mention a sternal gland or any concentration
or enlargement of eccrine or apocrine sweat glands in any part of their sub-
jects’ body, and no such specialization can be seen in a figure showing a sec-
tion of the skin from the chest (Fig. 8 in their report). However, they ob-
served that “when under Sernyl anesthesia,...these animals perspired freely
over the entire body, but particularly on the chest above the nipples.” The
subjects in the quoted study, three young females, were said to be white-
browed gibbons (Hylobates hoolock); however, in view of the extreme rarity
of H. hoolock in captivity — only one individual in North America (Mootnick,
1984) and none in European zoos (Schilling, 1984a,b) — this attribution may
eventually prove to be incorrect.

As yet, the only clear evidence for a sternal gland in hominoid primates
has been provided for the orang-utan. The present report gives the first
description and histological examination of a sternal gland in the siamang,
Hylobates syndactylus.

MATERIALS AND METHODS

Ten captive siamang were inspected in the Zirich and the Studen Zoo,
Switzerland. This sample contained animals ranging from 1.5 to about 23
years of age. It consisted of two adult males, four adult females, and im-
mature animals of various age and either sex. Most of these animals were
observed in a study on vocal behavior, some of them during several years
(Geissmann, 1986). Additional information on six siamangs which | could
not inspect myself (one adult male, one adult female, and four immature
males) was reported to me by Mr. and Mrs. Rathfelder (personal communica-
tion), caretakers at the Zirich Zoo.

Histological sections were prepared from two relatively fresh speci-
mens, which were not fixed postmortem: one juvenile male aged 2 years and
2 months and one adult male siamang about 15 years of age. Tissues were not
well preserved in the adult male but sufficed to confirm the results gained
from examination of the first specimen. Tissues were fixed in formol (4%)
and embedded in paraffin. Histological preparations were made from ver-
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tical sections cut at 7 and 10-gm thicknesses and stained with hematoxylin
and eosin (Romeis, 1968) and with alcian yellow (for acid mucopolysac-
charides).

RESULTS

During a study on vocal communication in the siamang (Geissmann,
1986), a distinctly colored patch was noticed in the sternal region. The sternal
patch was often concealed by the throat sac of these animals but could easily
be detected if an animal lifted its head or turned it to one side. In all 10
animals grossly inspected, the patch could clearly be seen. In addition, its
presence in six siamangs which I could not inspect myself was reported to me
by Mr. and Mrs. Rathfelder (personal communication) caretakers at the
Zurich Zoo.

The sternal patch of the siamang takes the form of a yellowish,
brownish, or even blackish colored area in the midline of the sternal region.
The patch is of elongate shape (Fig. 1). The broader cranial end is situated at
the lower end of the siamang’s throat sac. The patch measured about 5 cm in
length and about 1 cm in breadth in one juvenile male, and was about twice
this size in an adult female. Distally, the patch is thinner and ends slightly
above the level of a straight line drawn through both nipples. Hair density in
the sternal patch is lower than in the lateral part of the chest but higher than
on the throat sac. Hairs in the glandular area are often matted together with
dried secretion or pasted with fresh secretion. The coloration of the sternal
patch is produced by glandular secretions staining the skin and can be
removed. The fresh secretion is a yellowish substance, somewhat similar in
aspect to human earwax, and of a pungent odor, which | found to be typical
for siamang. | could not detect a similar odor in several groups of captive

ST
e \[12em)
A

G L5cm
K Y Fig. 1. Schematic contour and dimensions of the
A glandular patch of a freshly dead juvenile male
N N "1'2‘:"‘ siamang (2 years and 2 months of age); specimen
-© © now in the collection of the Naturhistorisches

Museum, Bern (NHMBe 511984). G, glandular
45cm -
patch; N, nipples; T, throat sac.
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Fig. 2. Photomicrograph of a vertical section through the skin of the lateral chest of a juvenile
male siamang (NHMBe 511984). Hair follicles and associated sebaceous glands are present,
but tubular glands are not. Ten-micrometer section, stained with alcian yellow and hema-
toxylin & eosin. x 32.

P ‘ _
ig. siamang (NHMBe
511984) showing the superficial layer of sebaceous glands (1) and the deeper layer of coiled
tubular glands (2). Specimen prepared as in Fig. 2. x 32.

F
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Fig. 4. Enlarged view of a vertical section through the sternal skin of a juvenile male siamang
(NHMBe 511984) showing details of coiled tubular glands. Specimen prepared as in Fig. 2. X

206.

Hylobates lar and H. pileatus. The only odor | found to be faintly similar was
that of some blossoms of Lathyrus odoratus.

In the skin of the lateral chest, only sebaceous glands, attached to hair
follicles, were observed (Fig. 2). In contrast to this, the skin in the sternal
region contained, in addition, a conspicious concentration of coiled tubular
glands, thus forming a specialized glandular field. The tubular glands are
more voluminous and form a veritable carpet of considerable thickness,
which is separated from the more superficially situated layer of the smaller
sebaceous glands (Fig. 3). In the tubular coils, two types of segments, similar
to apocrine sweat glands and their ducts, can be distinguished: segments
composed of cuboidal or columnar epithelium and with wide lumina often
containing granular secretion, and very narrow segments composed of two
layers of cuboidal epithelium (Fig. 4).

Often, the sternal patch was wet and sticky from the fresh secretion of
the gland. This could be taken as a rough indicator of “high secretory
activity” and was observed chiefly in two situations: on hot days and in
arousal (produced by loud noises or strange persons near the animals’
sleeping cage or during siamang song bouts). In the same situations, the
characteristic body odor of the siamang is especially strong and conspicious.



Sternal Gland in the Siamang 9

It can then easily be detected from a distance of several meters in an outdoor
cage. However, no kind of marking behavior has been observed.

DISCUSSION

Specialized skin areas with histoanatomical structures quite similar to
that reported here occur in many primates, and even the axillary organ in
humans (and the African apes) is thought to be comparable to these specializ-
ed glandular areas (Montagna and Ellis, 1960). Sternal glands are usually
thought to play an important role in olfactory communication. In many
primates (Table 1) and other mammals (Fadem and Cole, 1985; Holst, 1974;
Kawamichi and Kawamichi, 1979; Martin, 1968; Poglayen-Neuwal, 1962,
1966; Schultze-Westrum, 1965; Sprankel, 1962), they are known to be used
in elaborate and characteristic ritualized patterns of behavior. These often
very conspicious motor acts can be comprised within the term “marking
behavior.” | failed to find any kind of marking behavior in several groups of
captive siamang which were the subject of a behavioral study (Geissmann,
1986), and no such behavior has been reported in other studies on the
behavior of wild (Chivers, 1974, 1976; Chivers and Raemaekers, 1980) and
captive (Fox, 1972) siamang groups.

The association of intensive body odor and high secretory activity of the
sternal gland suggests that the gland is mainly responsible for the
characteristic body odor of the siamang. The odorous qualities of the secre-
tion and the evidently increased — although not quantified — glandular activity
on hot days give some hints of the functional importance of the gland. First, a
primary function can be supposed to lie in olfactory communication,
although a more precise specification of this function cannot yet be made.
Odor-producing skin glands in mammals are usually thought to provide in-
formation on the subject’s species, sex, and individual identity, the state of its
physiological processes, or its propensity to perform a certain behavior (see
the reviews by Eisenberg and Kleiman, 1972; Mykytowycz, 1970). Second,
the gland may possibly play a role in thermoregulation through increased
“sweating” under high-temperature conditions, but in view of the small size
of the glandular area, one would not expect this to be more than a minor role.

It is interesting to note that the main secretory activities of the
siamang’s sternal gland seem to occur in situations virtually identical to those
of the axillary organ of humans: during elevated temperatures and stress
(Montagna, 1981, 1982). We may therefore suppose that, apart from the
already mentioned structural similarities, an analogy in functions may also
exist to some degree. Although the function and importance of the axillary
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organ are still not very well understood, it has been suggested that it may
play a role in thermoregulation (Keele et al., 1982; Montagna, 1962) and in
olfactory communication (Hold and Schleidt, 1977; Labows et al., 1982;
Russell, 1976; Schleidt and Hold, 1982a,b), but evidence for the latter
function still seems inconclusive (Doty 1981; Doty et al., 1978).

The possibility that the various sternal glands of primates are
homologous characters, as has previously been proposed (Epple and Lorenz,
1967; Schaffer, 1940), has yet to be subjected to a critical examination. Hill
et al. (1959) suggested that medioventral glandular fields in primates seem to
be a “retained prirnitive feature inherited from tupaioid ancestors.” If this is
true, the sternal gland of the siamang probably derived from a gland which
was initially used for marking behavior and only subsequently altered in
function. Thus, the sternal gland seems to have changed in functional
convergence with the axillary organ which had independently evolved in
hominoids. In extant hominoids, the axillary organ is apparently present only
in the genera Gorilla (Brinkmann, 1909; Ellis and Montagna, 1962; Klaar,
1924; Straus, 1950), Pan (Brinkmann, 1909, 1923-1924, 1926; Ford and
Perkins, 1970; van Gelderen, 1926; Klaar, 1924; Montagna and Yun, 1963),
and Homo (Montagna, 1982; Schiefferdecker, 1922; Talke, 1903), none of
which is reported to possess a sternal gland. In the orang-utan, a sternal gland
is found chiefly in juvenile males and has been described as being in a stage
of regressive evolution (Weber and Abel, 1928; Wislocki and Schultz, 1925).

It is generally believed that, compared with the situation in strepsirhine
primates (Bourliére et al., 1956), specialized skin glands are relatively rare in
haplorhine monkeys and especially in apes, where olfactory communication
appears to play a less preeminent role (Marler, 1965). In a review article on
communication of apes, it has even been stated that “apart from genital
secretions, there seems to be no evidence of the discrete glands specialized to
produce chemical signals that are commonly found in prosimians and are also
present in both platyrrhine and catarrhine monkeys” (Marler and Tenaza,
1977, p. 968). However, such specialized skin glands as the sternal glands
and the axillary organs have now been reported to occur in every hominoid
genus. The use hominoids actually make of olfactory communication may
still be underestimated at present. In addition, this report suggests that, even
in the relatively well-documented apes, external anatomy still remains
incompletely described and deserves further attention. For instance, Pocock’s
(1925, 1944) account suggests that a sternal gland probably occurs in at least
one other hylobatid species. This possibility is currently being investigated.
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