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Abstract Combining chemical analysis and odour prefer-
ence tests, we asked whether two closely related sympatric
species of sac-winged bats use odour for species recognition.
Males of the two sister species Saccopteryx bilineata and
Saccopteryx leptura have pouches containing an odoriferous
liquid in their antebrachial wing membrane, which is used in
S. bilineata during courtship displays. Although both species
occasionally share the same daytime roosts and are morpho-
logically similar, there is no evidence for interbreeding. We
compared the production and composition of the wing sac
odorant in male S. leptura and S. bilineata and performed
odour preference tests with female S. bilineata. Similar to
male S. bilineata, male S. leptura cleansed and refilled their
wing sacs with secretions, but they spent more time each day

in doing so than male S. bilineata. Chemical analysis by gas
chromatography and mass spectrometry revealed that male
Saccopteryx carried species-specific scents in their wing
sacs. Binary choice tests confirmed that female S. bilineata
preferred the wing sac scents of male S. bilineata to those of
the sister species, suggesting that the species specificity of
male wing sac scents maintain the pre-mating isolation
barrier between these closely related species.
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Species-specific scents

Introduction

A basic but nonetheless crucial prerequisite to increasing
one’s own fitness is to identify a mate of the same species.
Thus, species recognition is a fundamental but often not
trivial aspect of mate choice (Andersson 1994). Mating traits
used in interspecific mate choice (species recognition) are
especially important when closely related species occur in
sympatry to prevent these species from hybridisation. Mate
choice, however, includes the ability to find not only a
genetically compatible mate but also a mate of high quality,
so that interspecific and intraspecific (sexual selection)
mate choices are not independent of each other (Ryan and
Rand 1993; Boake et al. 1997; Pfennig 1998; Higgie and
Blows 2007, 2008; Kozak et al. 2008). The investigation of
mating signals that are involved in both interspecific and
intraspecific mate recognition might consequently help in
understanding how mating signals have evolved.

The importance of chemical signals in social communi-
cation and mate choice in mammals is well documented
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(e.g. Albone 1984; Burger 2005). Many mammalian
species have species-specific odours, enabling individuals
to recognise conspecifics based on olfactory cues (Nevo et
al. 1976; Welsh et al. 1988; Heth et al. 1996; Heth and
Todrank 2000; Bininda-Emonds et al. 2001; Zhang et al.
2002, 2003; Ganem et al. 2008). Studies on mammalian
olfactory communication, however, are often either based
on odour preference tests or on chemical analysis of the
signal, whereas studies combining both are still scarce. In
addition, most of our knowledge of mammalian communi-
cation is based on studies conducted with captive rodents.
For rodents, it has been argued that the nocturnal and
cryptic lifestyle promoted the evolution of olfaction as a
major modality of communication (Burger 2005). These
lifestyle characteristics are especially applicable for bats,
but studies on olfactory communication in bats are rare.
The few existing studies demonstrated the potential use of
volatiles for kin recognition (Gustin and McCracken 1987),
individual recognition (Caspers et al. 2008) or detection of
colony members (DeFanis and Jones 1995; Bouchard 2001;
Bloss et al. 2002; Safi and Kerth 2003). In this study, we
used a multidisciplinary approach to test whether olfactory
signals of Saccopteryx bilineata, which are involved in
courtship displays (Voigt and von Helversen 1999; Voigt
2005; Voigt and Schwarzenberger 2008), are also used for
interspecific communication. We investigated whether male
wing sac odorants differ between two sympatric sister
species, whether females use male odours to distinguish
between individuals of their own and a closely related
species and, consequently, which aspects of the signal
might be important for species recognition.

In S. bilineata, odours play an important role during
courtship displays and probably also during mate choice
(Voigt and von Helversen 1999; Voigt 2005; Caspers et al.
2008). We investigated whether the wing sac odour is used
for species recognition in two species of sac-winged bats
(S. bilineata and Saccopteryx leptura) that occur sympat-
rically throughout Latin America. S. bilineata has originat-
ed from the same ancestor as S. leptura and can thus be
considered a sister species (Lim et al. 2007). These species
are similar in morphology and visual appearance, and
occasionally, they share the same roosts (Bradbury and
Emmons 1974; Voigt 2003). In both species, only males
possess antebrachial wing sacs, which contain odoriferous
secretions (Bradbury and Emmons 1974; Voigt 2005).
Histological studies of the wing sacs, however, revealed
that antebrachial wing sacs are free of glandular tissues
(Starck 1958; Scully et al. 2000). Male S. bilineata fill their
sacs with various odoriferous liquids and secretions, and
this particular behaviour has been named perfume blending
(Voigt and von Helversen 1999). Perfume-blending behav-
iour is a stereotypical time-consuming process, which may
last up to an hour and includes two separate phases. During

the first phase, males take up urine orally and afterwards
lick their wing sacs intensively. During the second phase,
males deposit some secretions onto the chin by pressing
their chin onto their genitalia. The secretion droplet
attached to the chin is then smeared into one of the wing
sacs. Each phase is characterised by several iterations of
bending movements, licking or secretion transfer move-
ments, and both phases are interrupted by several minutes
of resting (Voigt and von Helversen 1999; Voigt 2002).
Currently, it is unknown whether males of other species
within the genus Saccopteryx show a similar behaviour.

Male S. bilineata display their wing sac odour several
times a day and exhibit a large repertoire of behaviours
during which the wing sacs are opened (Bradbury and
Emmons 1974; Bradbury and Vehrencamp 1976; Voigt and
von Helversen 1999; Voigt 2005). For example, every
morning, males hover in front of females that returned to
their harem (Bradbury and Emmons 1974; Voigt and von
Helversen 1999). This behaviour is repeated several times
during the day and again in the late afternoon prior to
emergence from the daytime roost (Voigt 2002). Hovering
flights as well as the chemical signals may act as a kind of
courtship display, since males hover more frequently prior to
and during the mating season than afterwards (Voigt et al.
2007), and hovering flights precede copulations. Further-
more, scent profiles of wing sacs show differences among
individuals (Caspers et al. 2008), suggesting that wing sacs
bear the potential to be involved in mate recognition.

We compared the production and composition of wing
sac odorants in the two species. We observed male S.
leptura in their daytime roost during the afternoon hours to
find out whether they show a perfume-blending behaviour
similar to the one in S. bilineata. Then, we analysed the
compounds of the wing sac odorant using gas chromatog-
raphy and mass spectrometry (GC-MS) and compared the
scent profiles of male S. bilineata and S. leptura using a
non-parametric variance analysis. We predicted that pro-
duction and composition of male wing sac odorant differs
between the two sister species. Finally, to find out whether
the wing sac odorant is involved in species recognition, we
performed binary odour preference tests with free-living
female S. bilineata. In these odour preference tests, we
tested the female preference for the odour of an unfamiliar
male of its own species (S. bilineata) and for the odour of
an unfamiliar male of the sister species (S. leptura). We
predicted that female S. bilineata prefer the odour of a male
conspecific (S. bilineata) to that of a male S. leptura.

Materials and methods

We performed our study in the vicinity of “La Selva”
Biological Station, which is located in the Caribbean
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lowlands of northern Costa Rica (Heredia province, Costa
Rica; 10°25′ N, 84°00′ W) and surrounded by tropical and
premontane wet forest. Individuals used in our study were
from different colonies (S. leptura: three colonies; S.
bilineata: five colonies) to ensure that colony-specific
differences would not bias our results.

Behavioural observations

We observed the perfume-blending behaviour in five male
S. leptura roosting in three different colonies. Activities of
colony members were documented between December
2003 and January 2004, in December 2005 and in
November 2007 by videotaping the activities of bats
between 1300 hours and 1600 hours using a Sony Mini
DV camcorder (DCR-TRV 14E, Sony, Tokyo, Japan). For
each focus male, we analysed four different parameters as
defined by Voigt (2002) to compare the perfume-blending
behaviour between male S. bilineata and male S. leptura:
duration of phase 1 (min), number of urine uptake move-
ments (n), duration of phase 2 (min), and number of
secretion uptake movements (n).

Sample collection

We collected samples of the wing sac odorant for chemical
analysis from January through March 2005. S. leptura were
captured either during the late afternoon (1600–1700 hours)
or at dawn (0600–0630 hours) when bats foraged along
trails close to their daytime roost. Male S. leptura were
captured in the vicinity of three different colonies. We
captured S. bilineata when they emerged from (1700–
1800 hours) or returned to (0500–0530 hours) their daytime
roost. We used nylon mist nets (Avinet, Dryden, NY, USA;
net length 2.6 m, height 2.6 m, mesh width 38 mm) to catch
the bats in flight. We collected scent samples from adult
male S. bilineata and S. leptura by wiping out each wing
sac with a piece of cotton (DIN 61640-CO, 100% cotton;
Hartmann, Heidenheim, Germany), resulting in two scent
samples per individual. Prior to scent collection, the cotton
was cleansed with dichloromethane (99.9%) and dried at
ambient temperature. Samples were transferred into Teflon-
capped glass vials (2 ml, Rotilabo®, Roth, Karlsruhe,
Germany). We added 100 μl dichloromethane (99.9%) as
a preservative to all samples that were assigned to later
chemical analysis. We stored all samples at −20°C until use
in experiments or chemical analysis. For chemical analysis,
we collected samples of the wing sac odorant from eight
adult male S. bilineata and from four adult male S. leptura.
We marked each individual with a small plastic band to
allow recognition of recaptured bats (A.C. Hughes Ltd.,
Middlesex, UK; size XCL). We estimated the age of the
bats based on the colour of the interior of the wing sacs,

which are black in juvenile S. bilineata and whitish in adult
S. bilineata (Voigt and von Helversen 1999). All bats were
released at the site of capture immediately after scent
collection or preference tests.

Chemical analyses

The wing sac odour is an airborne distributed signal, and
thus, we analysed the volatile substances since we think
that these are of biological interest. Scent samples of S.
bilineata and S. leptura were analysed with a GC-MS
(Hewlett-Packard 5890 gas chromatograph, Hewlett-Packard
Corporation, Palo Alto, CA, USA) equipped with a 30-m
DB5-coated capillary column (J and W Scientific, Folsom,
CA, USA) attached to a Hewlett-Packard mass selective
detector (70 eV EI). Prior to analysis, we extracted the
samples from the cotton with a syringe (50-μl syringe, blunt
needle point, Hamilton, Bonaduz, Switzerland). We
squeezed out the cotton ball by pressing the blunt point
syringe on it. Using that method, we extracted the dichloro-
methane-extracted compounds from the cotton ball and
transferred them into another glass vial (2 ml, Rotilabo®,
equipped with a 100-μl inlet; Rotilabo®). We condensed the
extract to a maximum volume of 5 μl by evaporation. We
injected 1.5 μl of the sample into the GC and collected data
under the following conditions: splitless injection, helium as
carrier gas, 60°C inlet temperature, 3-min initial time, 10°C
min−1 rate, 280°C final temperature, 20-min final time.
Peaks were matched by retention time and mass spectra
(Wiley Library, John Wiley & Sons Ltd., UK) or by
synthesis of compound candidates and comparative GC-
MS analysis (Schroeder et al., unpublished). For further
statistical analyses, the relative proportion (%) of each peak
to the total peak area was calculated. We defined substances
as species-specific if they occurred in the wing sac odour of
all individuals of the species and in none of the samples
collected from the other species.

Odour preference tests

We performed odour preference tests from January through
March 2005 and in November 2007. Odour sample
collection followed the same protocol as described above
with the exception that no solvent was added to the
samples. For odour preference tests, we collected odour
samples from ten adult male S. bilineata and nine adult
male S. leptura. We tested ten adult female S. bilineata in a
two-choice preference test to find out whether female S.
bilineata are able to distinguish between the odour of male
S. bilineata and S. leptura. Female S. bilineata were caught
in their daytime roost (0600–1600 hours) using a hand-held
mist net and immediately transferred to a choice arena
(Fig. 1a). We performed all preference tests in the vicinity
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of the daytime roost. Thus, bats were exposed to ambient
temperature and humidity. The choice arena was set up in
the shade to ensure that bats were not exposed to direct
sunlight, which may affect the side preference of the bats.
The choice arena consisted of a conventional plastic bucket
with the base removed (35-cm diameter; 40-cm height) and
divided into two compartments (Fig. 1a). The wall of the
upper compartment was lined with metal mosquito gauze,
enabling the animals to cling to the wall. The lower
compartment was attached to the ground, whereas the
upper compartment with the roosting bat could be turned
relative to the lower compartment and thus relative to the
two odour sources. For habituation of animals to the
experimental conditions in the choice arena, individuals
were released into the upper compartment at least 5 min
before odours were presented. At the onset of the
experiment, we attached two odour-impregnated cotton
balls to opposite sides of the inner wall of the lower
compartment, 1 cm below the mosquito gauze bottom of
the upper compartment. The upper compartment was
rotated in relation to the lower compartment so that roosting
bats were positioned equidistant to both odour sources. One
cotton ball contained the odour of a male S. bilineata and
the other the odour of a male S. leptura. The side on which
each sample was placed was chosen at random. We used a
small fan for the first minute to blow the stimulus odours
upwards into the upper compartment, where the bat hung.
Each experiment lasted 10 min. We recorded all movements
of the bat during this time using an infrared video camera
(Sony DCR-TRV 14E, Sony, Tokyo, Japan). The camera

was mounted 1 m above the arena on a tripod. We cleaned
the choice arena after each trial using dichloromethane-
soaked cotton.

To quantify a female’s preference, we defined two
preference zones as a 10-cm radius around each stimulus
odour (Fig. 1b). This actually reflects the average distance
between two individuals in a harem group. In addition, we
used a 10-cm radius to warrant that there was a non-
preference zone of about the size of the hanging bat
between the two preferences zones, enabling us to set the
bat in a non-preference zone at the beginning of the test by
turning the upper compartment. We started to measure the
time when a female moved with her whole body into a
preference zone. We analysed the amount of time a female
spent in each preference zone in relation to the total time
the female spent in both preference zones, and we based
statistical tests on the binary information (more or less than
50% of time present in the S. bilineata preference zone).

We used only odours of unfamiliar males, i.e. we offered
odours only from males originating from colonies located at
least 0.8 km away from the females’ colonies. Each male
was used only once as a donor of the stimulus odour, except
for one male S. leptura which was used twice as a donor for
the stimulus odour. Each odour sample was used only once.

Statistical analyses

We used the data about perfume blending in S. bilineata
from Voigt (2002) to assess the species specificity of
perfume-blending behaviour. Perfume-blending parameters

Fig. 1 Odour preference test arena (a) consisting of two compart-
ments: the upper compartment could be turned in relation to the lower
compartment. The test animal roosted in compartment I, which was
completely lined with metal mosquito gauze. The stimulus odours
were set into the sample holders in compartment II, and the fan
propelled the odour into the upper compartment. b Top-down view of

the odour preference test arena. A 10-cm radius was drawn around
each stimulus odour to outline the preference zone (grey area). Prior
to the test, compartment I was turned in relation to the lower
compartment so that the bat was equidistant from both stimulus
odours and outside of the preference zones (white area)
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were compared between the two species using a Mann–
Whitney U test (MWU). To calculate the number of
substances in the species’ scent profiles, we considered
only substances whose peak areas contributed more than
0.1% to the total peak area. We compared the number of
peaks between male S. bilineata and male S. leptura using a
MWU test. Using all selected peaks, we compared odour
sample composition by computing a similarity matrix based
on the Bray–Curtis similarity index (Clarke and Warwick
1994). Potential differences between the species were then
evaluated by applying non-parametric variance analysis
(ANOSIM and SIMPER—see Clarke and Warwick 1994)
to these similarities with species as the factor. Additionally,
we plotted the data in two dimensions using multi-
dimensional scaling (MDS). A binomial test was used to
compare the proportion of successes (>50% of time with
male of own species) in the odour preference test with an
expected probability of P0=0.5. We used a directed test
because we expected females to choose the odour of the
conspecific male (see Rice and Gaines 1994). We used a
directed test instead of a one-tailed test to warrant that we
do preclude a rejection if the results come out in the
unexpected direction. Results are given as mean±1 SE.
Statistical analyses were performed using PRIMER 5.0
(Primer-E 2000, Plymouth, UK) and StatXact 7.0 (Cytel,
Cambridge, MA, USA). The significance level was set to
α=0.05.

Results

Comparison of perfume blending

Similar to male S. bilineata, male S. leptura cleansed and
refilled their wing sacs during a two-stage process. During
phase 1, males bent their head towards their genital region,
took up urine orally and licked their wing sacs afterwards.
During phase 2, males also showed bending movements of
the head towards the genital region, but in contrast to phase
1, males transferred secretions into the wing sac by a
sideward movement of the head along the wing sacs, during
which their chin briefly touched the wing sac. Similar to
male S. bilineata, male S. leptura did not lick the wing sacs

during phase 2. We found no significant difference in the
duration of phase 1, between male S. leptura and male S.
bilineata, but the number of urine uptake movements was
significantly higher in male S. leptura than in male S.
bilineata (see Table 1). Additionally, the duration of phase
2 was significantly longer and the number of secretion
uptake movements was significantly higher in male S.
leptura than in male S. bilineata (see Table 1).

Comparison of male wing sac odours between species

Chemical analysis using gas chromatography and mass
spectrometry revealed that male S. bilineata and male S.
leptura had a similar number of substances in the wing sac
odorant (S. bilineata, 51.3±5.6 compounds; S. leptura,
41.5±10.9 compounds; MWU test: U=10.5; N1=8; N2=4;
p=0.37). Both species shared the majority of substances
(63%). The scent profiles of male S. bilineata and male S.
leptura shared six of the nine male-specific substances
found in S. bilineata, namely, indole, 2-aminoacetophenone,
anthranilic acid, indole-3-carboxaldehyde, tryptanthrin and
pyrocoll, whereas three of the male-specific substances,
namely, indole-3-carboxylic acid, 2,6,10-trimethyl-3-oxo-
6,10-dodecadienolide and C15H24O2, were absent in S.
leptura. Scent samples of male S. leptura contained two
unidentified species-specific substances, which were not
present in the odour samples of male S. bilineata (Fig. 2).
Analyses of the wing sac contents of four adult male S.
leptura and eight adult male S. bilineata showed that the
scent profiles of the wing sac liquids differed between the
two species (ANOSIM: p=0.006). The similarity of odour
samples was on average higher among individuals of the
same species (SIMPER, average within group similarity S.
bilineata, 65.72%; average within group similarity S.
leptura, 57.12%) than among individuals of different
species. Differences between the two species were also
due to different relative amounts of substances present in
the wing sac odour of each species, such as tryptanthrin (S.
bilineata, 6.9±3.8%; S. leptura, 17.5±6.9%) or pyrocoll
(S. bilineata, 1.0±0.9%; S. leptura, 10.8±7.2%). A
comparison of the MDS-transformed chromatogram data
illustrates (Fig. 3) that the species-specific odour profiles
are grouped in the two-dimensional plot, thus indicating a

Table 1 Comparison of perfume-blending parameters in male S. leptura and male S. bilineata (mean values±1 SE)

S. leptura (N=5) S. bilineata (N=17) Statistics

Duration (min) of phase 1 5.5±0.4 6.8±0.5 U5,17=27.5, p=0.249
Number of urine uptake movements 8.2±0.8 5.9±0.6 U5,17=14, p=0.026
Duration (min) of phase 2 36.0±1.3 21.5±1.1 U5,17=0, p<0.001
Number of secretion uptake movements 16.2±0.7 11.2±0.5 U5,17=3, p=0.002

Data for S. bilineata were taken from Voigt (2002)
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difference in the composition of the wing sac odorant
between the species.

Odour preference tests

We tested ten adult female S. bilineata for their preference
for either of the wing sac odorants from the two species.
Two females did not move in the choice arena during the
10-min experimental period, and we therefore excluded

them from our analyses. Females spent on average 201.9±
128.9 s in both preference zones and spent on average three
times more time in the vicinity of the odour of male S.
bilineata (154.8±54.0 s) than they did in the vicinity of the
odour of male S. leptura (47.1±12.8 s; binomial test, N=8,
p<0.05; directed test; Fig. 4).

Discussion

Our results support that olfactory cues are involved in
social communication and species recognition in bats. Male
S. leptura blended the perfume of their wing sacs in a
similar way like male S. bilineata, but spent even more time

Fig. 3 Two-dimensional MDS plot of the scent samples of male S.
bilineata (black triangle) and S. leptura (white triangle). The plot is
based on Bray–Curtis similarities of the relative abundances of all
substances. The wing sac odour samples of S. bilineata (black
triangle) and S. leptura (white triangle) form two distinct groups
according to an ANOSIM (global R=0.6, p=0.006)

Fig. 4 Relative proportion of time female S. bilineata spent in the
preference zone of the odour of a male conspecific (S. bilineata) or a
male of the sister species (S. leptura). The left part of the graph shows
the preference area for S. leptura and the right part shows the
preference area for S. bilineata. Female S. bilineata spent more time in
the vicinity of the odour of a male S. bilineata significantly than they
did close to the odour of a male S. leptura (binomial test; N=8, p<
0.05, directed test)

Fig. 2 Example chromatogram
of the wing sac contents of an
adult male S. leptura (a) and an
adult male S. bilineata (b). The
wing sac odour of each species
includes species-specific sub-
stances (arrows)
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in doing so. The wing sac odour composition of males
differed between species, and female S. bilineata preferred
the odour of male S. bilineata to that of S. leptura.

Perfume blending

Male S. leptura show a similar perfume-blending behaviour
to that of male S. bilineata, i.e. they cleanse and refill their
wing sacs with odoriferous secretions from various body
regions during two stereotypic behavioural sequences.
Secretions from different body regions may differ in their
information content, and therefore, the overall odorant may
include multiple information (Johnston et al. 1993).
Previous chemical analysis revealed that wing sac odorant
of male S. bilineata is a multi-component and composite
signal enabling males to transfer information in different
situations by using the same signal (Caspers et al. 2008). It
is likely that the wing sac odorant of S. leptura is also a
multi-component signal given its compound origin.

Thus far, we have neither observed S. leptura using wing
sac odorant, nor are any observations reported in the
literature to our knowledge. However, the observation of
perfume blending in colonies of S. leptura suggests that
olfaction is of major importance for social communication
in this species as well. Perfume blending lasted even longer
in S. leptura than in S. bilineata, even though S. leptura
spent less time in the daytime roost than S. bilineata. Thus,
S. leptura put more effort into perfume blending than S.
bilineata not only on an absolute time scale but also in
relation to the overall time spent in the daytime roost.

Species-specific odours

Chemical analysis revealed differences in the composition
of the wing sac odour between S. bilineata and S. leptura.
Differences in the composition of the wing sac odour could
be attributed to several factors. (1) Differences in odour
composition might emerge from different glands contribut-
ing to the wing sac odorant of the two species. In male S.
bilineata, at least two types of glands are associated with
perfume blending: an intermandibular gland and a gular
gland (Caspers et al. 2009). Since the gular gland is
missing in S. leptura (Scully et al. 2000), some of the
compounds specific to S. bilineata may originate from this
gland. (2) Differences in odour composition might also be
the result of dietary differences. S. bilineata may hunt
slightly larger insects than S. leptura, since species size
correlates positively with the size of its insect prey
(Bradbury and Vehrencamp 1976). These dietary differ-
ences might convert into subtle, but still significant,
difference in the species-specific odour profiles. (3)
Bacterial metabolism as a cause of differences in the
species-specific odour profiles seems unlikely. Microbial

analyses of the wing sacs in S. bilineata showed a high
individual variation in the microbial floral of the wing sacs
(Voigt et al. 2005), with, on average, only two different
microbial species per individual, the converse of what we
would expect if species-specific odours are largely influenced
by microbial metabolism.

The differences in the composition of the wing sac odour
of the two Saccopteryx species were due to species-specific
substances that were absent in the wing sac compounds of
the other species and to the relative amounts of some shared
substances. Species-specific odours are known for a variety
of other mammals (Microtus: Welsh et al. 1988; Mastomis:
Apps et al. 1990; mongoose: Decker et al. 1992, Mustela:
Zhang et al. 2003). Microtus montanus and Microtus
pennsylvanicus, for example, differ in the composition of
preputial gland secretions (Welsh et al. 1988), and chemical
analysis revealed differences in the anal gland volatiles of
Mustela eversmanni and Mustela sibirica (Zhang et al.
2003). Overall, species-specific odours may be omnipresent
in mammals and may play a major role during mate choice
even in taxa like Chiroptera that are better known for their
acoustic capabilities.

Preference tests

Using odour preference tests, we showed that female S.
bilineata were able to distinguish between the male odours
of the two species, i.e. female S. bilineata preferred the
odour of male conspecifics to the odour of male S. leptura.
These findings support that the wing sac odorant might be
used in mate recognition and might function as a pre-mating
isolation barrier. In general, odours are predisposed to be
honest signals in mate recognition or mate choice, including
species recognition (Albone 1984; Penn and Potts 1998;
Johansson and Jones 2007). Furthermore, it has been shown
that there is a link between genetic relatedness and
similarities in odour composition within as well as between
species (Heth and Todrank 2000; Heth et al. 2003; Todrank
and Heth 2003). Wing sac odour in S. bilineata is used
during hovering displays, which precede copulations, and
males keep their wing sacs open during copulation. It may
therefore be one of the last opportunities for females to
recognise a non-conspecific male.

Speciation and sexual selection have long been considered
as agonistic factors, leading to the assumption that a single
trait cannot be shaped by both factors because sexually
selected traits ought to vary with mate quality whilst
remaining sufficiently constant to encode species-specific
information. Our finding that the wing sac odour, which is
most likely affected by sexual selection (Voigt and von
Helversen 1999; Voigt et al. 2005, 2008), is also used in
species recognition is in line with other studies which
showed that traits used in mate choice and species
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recognition are often multi-component (Ryan and Rand
1993) or multimodal (Kozak et al. 2008). Using a multi-
component or multimodal trait, the signaller can transfer
different information at the same time. The signal, or
aspects of the signal, can be sufficiently constant within a
population to be used for species recognition, whereas other
aspects can vary with male quality. In S. bilineata, the
existence of the species-specific substances might be used
to recognise a mate of one’s own species, whilst the
quantities of substances within the scent are specific for
individuals and might therefore be used for individual
recognition (Caspers et al. 2008). The multi-component
characteristic of mammalian odours in general and the wing
sac odour in S. bilineata in particular seem to be an
adaptation to the combined needs for species recognition
and for finding an appropriate mate among individuals of
its own species.
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