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Abstract—-Anal sac secretions of three social mongoose species (Helogale
parvula, Crossarchus obscurus, and Suricata suricatta) were chemically ana-
lyzed by means of gas chromatography-mass spectrometry. Compounds with
high molecular weights (greater than 250) were found to distinguish the three
species. Differences in composition suggest a possible species-specific role in
scent marking. Male H. parvula had vitamin E present in the anal sac, whereas
it was absent in the females. This suggests a possible sex-specific function of
vitamin E in H. parvula. No differences in chemical composition were found
between male and female S. suricatta. Ten compounds were found in female
C. obscurus that were not present in the male.
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INTRODUCTION

Mongooses are small to mediom-sized carnivores that have a diverse array of
social structures, from a solitary existence as in the small Indian mongoose, to
a highly cooperative social structure as in the dwarf mongoose. Pocock (1916)
related the size of mongoose scent sacs with the particular social structure they
possess: gregarious mongooses have larger scent glands than more solitary mon-
gooses, suggesting that more social species mark more frequently than more
solitary species. Although this hypothesis has not been tested, it merits inves-
tigation. Pocock (1916) further described the morphology of the scent sacs of
mongooses as distinctly different than other camivores. There are several depres-
sions and folds in the glands, which contain small glandular pits with several
secreting pores. Secretions from these glands are thick waxy brown foul-smell-
ing substances (Decker, personal observation).

Mongooses have very characteristic and stereotypical postures of scent
marking (Gorman et al., 1974). Behavior patterns vary with the type of object
being marked, especially with regard to its height above the ground (Rasa,
1973). Preferred objects for marking by dwarf mongooses are smooth, upright,
borizontal, or sloping branches (Rasa, 1973). Such objects are marked from a
“*hand-stand’” position (Gorman et al., 1974). Anal drag is a posture in which
the animal strokes its anal surface across a very low or flat object. Rasa (1973)
reports the anal drag to be used exclusively in allomarking. In the “‘leg lift”
posture, the animal lifts its leg toward a low object. Again, this is most com-
monly used in allomarking (Rasa, 1973) but occasionally is used to mark low-
lying objects such as the food dish.

Several functions of scent marking have been proposed (for reviews see
Ralls, 1971; Eisenberg and Kleiman, 1972; Johnson, 1973; MacDonald, 1979).
Conover and Gittleman (1989) have classified these potential functions into six
general categories: (1) identity—information regarding individual, group, or sex-
ual identification (Rasa, 1973; Gorman, 1976); (2) status—information on dom-
inance status (MacDonald, 1979; Erlinge et al., 1982); (3) reproductive status—
related to courtship and breeding (Gorman, 1980; Gorman and Trowbridge,
1989); (4) spatial information—serves a territorial function (Peters and Mech,
1975; Kruuk, 1978); (5) temporal information—reveals when individuals were
at a particular location (Rasa, 1973); and (6) foraging—serves a bookkeeping
function by informing an individual of whether it has previously looked for food
in a particular area (Henry, 1977; MacDonald, 1979).

The objectives of this study were to establish methods of collection and
analysis of mongoose secretions, to identify potential biologically active com-
pounds present in the scent secretion of three species of mongooses, and to
propose a potential function of scent marking in these mongooses.
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METHODS AND MATERIALS

Materials. Solvents were chromatographic grade quality purchased from
J.T. Baker Chemicals Co., Phillipsburg, New Jersey. Derivatizing agents were
purchased from Supelco, Inc. (Bellefonte, Pennsylvania), Applied Science (State
College, Pennsylvania), Aldrich, Inc. (Milwaukee, Wisconsin), Sigma Chem-
ical Co. (St. Louis, Missouri), and Pierce Chemical Co. (Rockford, Illinois).

Collection. Anal gland secretions were collected from three species of social
mongooses (Helogale parvula—two males, two females; Crossarchus obscu-
rus—one male, two females; and Suricata suricatta—one male, one female)
from the National Zoo, Washington, D.C., by swabbing the anal sacs with
sterile cotton swabs. All chemical analyses were conducted at the Center for
Environmental Biotechnology, University of Tennessee.

Extraction. The secretion was immediately extracted with a modified Bligh
and Dyer solvent system (White et al., 1979), which consists of chloroform,
methanol, and a phosphate buffer in a ratio of 1:2:0.8. The sample was left in
the solvent system for a minimum of 4 hr. Subsequently, equal amounts of water
and chloroform were added to the samples separating them into aqueous and
organic phases. The aqueous layer was discarded, and the organic (lipid con-
taining) phase was transferred to Teflon-lined screw-capped test tubes and dried
under a stream of nitrogen at room temperature.

Lipid Isolation. Silicic acid columns were prepared using 0.5 g Unisil (100-
200 mesh, Clarkson Chemical Co., Inc., Williamsport, Pennsylvania), activated
at 100°C for 60 min and preextracted in a minimal volume of chloroform. Total
lipid was applied to the top of the columns in a minimal volume of chloroform.
Sequential washes of 5 ml of chloroform, acetone, and methanol eluted non-
polar, glyco-, and phospholipids. Each fraction was dried under a stream of
nitrogen.

Mild Alkaline Methanolysis. The mild alkaline methanolysis procedure
(White et al., 1979) was utilized to prepare methyl esters of the ester-linked
fatty acids of each lipid fraction.

Gas Chromatography (GC). Dry methyl esters of nonpolar, glyco-, and
phospholipids were dissolved in isooctane containing the internal standard of
methyl nonadecanoate. Samples of 1 ul were injected onto a 50-m nonpolar,
cross-linked methyl silicone fused silica capillary column (0.2 mm ID, Hewlett
Packard) in a Shimadzu GC-9A GC. A 30-sec splitless injection at 270°C was
used. Hydrogen at a linear velocity of 35 cm/sec was the carrier gas with a
temperature program starting with an initial temperature of 100°C. The tem-
perature was then increased at a rate of 10°C/min to 150°C. At 150°C the
temperature was increased 3°C/5 min to 282°C. An equal detector response
was assumed for all components. Peak areas were quantified with a program-
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mable laboratory data system (Nelson Analytical 3000 Series Chromatography
Data System, Revision 3.6).

Gas Chromatography-Mass Spectrometry (GC-MS). Tentative component
identification prior to GC-MS was based on comparison of the retention times
with authentic standards. GC-MS analysis was performed on a Hewlett Packard
5996A GC-MS fitted with a direct capillary inlet utilizing the same chromato-
graphic system except for use of a helium carrier gas and the temperature pro-
gram, which started at 100°C and increased to 280°C at 3°C/min for a total
analysis time of 60 min. The electron multiplier voltage was between 1800 and
2000 V, the transfer line maintained at 300°C, the source 280°C, and analyzer
250°C, and the GC-MS was autotuned with DFTPP (decafluorotriphenylphos-
phine) at m/z 502 with an ionization energy of 70 eV. The data were acquired
using the Hewlett Packard 6/VM data system. Compounds were identified using
the GC-MS library, which provided an 80% or greater probability of being
correct for all compounds.

Nonpolar Lipid Fractionation. Preliminary analyses suggested the impor-
tance of the heavier compounds in distinguishing the species. Therefore, to
achieve greater separation of those compounds with high molecular weights
(greater than 250), the nonpolar lipid portion was subsequently fractionated. In
this procedure, silicic acid columns were prepared using 1.0 g Unisil (100-200
mesh, Clarkson Chemical Co., Inc., Williamsport, Pennsylvania) activated at
100°C for 60 min and preextracted with chloroform. Sequential washes of 10
ml of hexane, hexane-diethyl ether (90: 10), and hexane-diethyl ether (80:20)
eluted the compounds with smaller molecular weights (<250) so that better
separation of the larger compounds (molecular weights >250) could be achieved.
Ten microliters of BSTFA [N, O-bis(trimethylsilyltrifluoroacetamide] were added
to the fraction containing compounds with high molecular weights (> 250).
These samples were subsequently analyzed on the GC-MS. The temperature
program initially began at 50°C for 1 min. The temperature was then raised
30°C/min until it reached 150°C. Subsequently, the temperature was raised
2°C/min to 250°C, then 5°C/min to 300°C with a final time of 30 min.

Statistical Analyses. A phenogram was generated from a similarity matrix
using the Numerical Systems Program (Rohlf et al., 1982). Principal component
analysis was performed to summarize variation among taxa.

RESULTS AND DISCUSSION

The Bligh-Dyer extraction was very effective in revealing a larger spectrum
of compounds than previous analyses of carnivore scent secretions (Gorman et
al., 1978; Davies et al., 1988; Apps et al., 1988, 1989). The primary difference
between this study and previous studies is the choice of solvent systems used
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to extract the compounds. Previous analyses have used n-hexane as the solvent,
and this is only effective in revealing the straight-chain hydrocarbons, whereas
the Bligh-Dyer system is effective in revealing more complex compounds.

An unweighted paired group cluster analysis showed differences among
species in only the nonpolar lipid fraction (Figure 1). Helogale parvula males
and females grouped together. Similar patterns were also detected in C. obscurus
and §. suricatta. Separation of individuals within a single species was not appar-
ent with the glyco- and phospholipid portions of the samples, and are therefore
not reported here.

Although the sample sizes in this study are too small to assess significant
differences in the chemical composition of the anal sacs between sexes and
among species, we feel that it is worthwhile to present these differences as a
descriptive measure.

Intraspecific Comparison of Helogale parvula. Sixty-six compounds were
revealed in the neutral lipid fraction of H. parvula (Appendix 1). Other studies
of carnivore scent secretions have revealed between 10 and 30 compounds (e.g.,
Gorman et al., 1978; Davies et al., 1988; Apps et al., 1989). This may suggest
the complexity of scent marking in this species.

Eleven additional compounds were found in the dominant male H. parvula,
which were not found in the subordinate male or females (see Appendix 1).
Although Rasa (1973) has reported no differences in frequency of marking
between dominant and subordinate males, the additional chemicals found in the
dominant male suggests that the scent secretions of the dominant male may
serve an additional or different function.

Vitamin E was present in the anal sac of male H. parvula and was absent
in the female H. parvula. This compound may be sex specific in H. parvula.
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Fic. 1. A phenogram illustrating the similarity in nonpolar lipids among Helogale par-
vula, Crossarchus obscurus, and Suricata suricatta. M = males; F = female.
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Although many studies (e.g., Silverstein et al., 1966) have shown that a com-
bination of several chemicals are necessary for biological activity, some studies
of carnivores have identified single compounds to be unique to the males (e.g.,
Apps et al., 1989). This may suggest that single compounds can play an impor-
tant sex-specific role in some cases. A detailed study of the dwarf mongoose
by Rasa (1973) has shown that they traverse their home range in 25-30 days.
These mongooses were able to detect scent secretions from themselves or other
mongooses for up to 30 days after the scent was deposited (Rasa, 1973). Rasa
suggests that the primary function of anal marking, as animals traverse their
home range, is to provide information on individual identity and to ‘‘date’’ the
mark. Rasa also found that another mongoose can detect differences in intensity
of a mark up to 1 hr after it has been deposited.

Intraspecific Comparison of Crossarchus obscurus. Eleven additional com-
pounds were found in relatively large quantities in C. obscurus females, which
were not found in C. obscurus males (Figure 2). Very little is known about the
behavior and ecology of C. obscurus (for a review see Goldman, 1987). How-
ever, these results may suggest that the females rely more heavily on scent
marking than do the males.

Intraspecific Comparison of Suricata suricatta. Few qualitative differences
were found between the male and female meerkat (Figure 3). This may suggest

Crossarchus obscurus
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FiG. 2. Chromatogram of male and female Crossarchus obscurus. Numbers above peaks
correspond to those in Appendix 1, where compounds and relative quantities of each are
given. IS = the internal standard of methyl nonadecanoate.
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FiG. 3. Chromatogram of male and female Suricata suricatta. Numbers above peaks
correspond to those in Appendix 1, where compounds and relative quantities of each are
given. IS = the internal standard of methyl nonadecanoate.

that the function of scent marking in male and female meerkats does not differ.
Additionally, Moran and Sorensen (1986) found no marked differences in the
frequency of marking between male and female meerkats. Furthermore, large
individual differences in scent marking were not tied consistently to sex or age.

Interspecific Comparison. Principal component analysis summarized 85%
of the variation in the first two components (Figure 4). Figure 4 reveals that
males and females of the same species are more similar to each other in the
chemical composition of their scent sacs than with individuals of different spe-
cies. Additionally, the species are clearly different from each other. If the “‘load-
ings’’ are overlayed onto the ‘‘scores’” in Figure 4, we can see which compounds
are best able to maximally separate the species. For example, cholesterol (denoted
as sterol a) distinguishes the meerkats, the polybranched trienoic acid (denoted
as 2464a) distinguishes the kusimanse, and a variety of compounds (18:0, sterol
b, 713a, and 713d) distinguish the dwarf mongooses. The compounds that dis-
tinguish the species are relatively heavy compounds (molecular weights greater
than 250) and, therefore, suggest a function that promotes long-term signaling
of the scent mark. Female C. obscurus had a unique profile of compounds that
were not present in the male (Figure 2). Few differences were found between
male and female H. parvula or between male and female S. suricarta (see Figure
3 and Appendix 1).
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F1G. 4. Results of principal component analysis. ‘‘Loadings’’ represent those compounds
which were maximally able to separate the species. ‘‘Scores’ represent the relative
separation of the species. CM = Crossarchus obscurus male; CF = Crossarchus ob-
scurus female; MM = Suricata suricatta male; MF = Suricata suricatta female; HM
= Helogale parvula male; HDM = Helogale parvula dominant male; HF = Helogale
parvula female. 2464a = an unknown polybranched trienoic acid; sterol a = cholesterol;
18:0 = an 18-carbon saturated carboxylic acid; sterol b = cholestanol; 713a = penta-
decanol; 713d = heptadecanol.

Three previous studies have chemically analyzed the anal sac secretions of
mongooses. Gorman et al. (1974) found a series of short-chained (C,~-C,,)
saturated carboxylic acids in the small Indian mongoose (Herpestes auropunc-
tatys). Similar compounds were found in the yellow mongoose, Cynictis peni-
cillata, by Apps et al. (1989). Hefetz et al. (1984) found heavier compounds,
C10-Cys, in the Egyptian mongoose, Herpestes ichneumon. Our results are most
similar to those of Hefetz et al. (1984). Differences in results, to some extent,
may be due to differences in collection regimes and analysis of secretions.

The short-chained (C;~C,,) highly volatile fatty acids have been found to
be present in the scent secretions of most carnivores analyzed (e.g., Gorman et
al., 1974; Albone and Perry, 1976; Preti et al., 1976). These compounds are
relatively simple and do not have a large number of possible structural isomers
as opposed to more complex molecules (i.e., those with larger molecular
weights). Since many animals have short-chain fatty acids in their scent secre-
tions, it seems unlikely that these serve a unique communicative function. The
short-chain fatty acids probably function in directing the animal to the scent,
while the heavier compounds are actually the communicative part of the scent.
The fact that animals actually go up to the scent to smell it (Decker, personal
observation), lends some support to this argument.
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