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The asymmetry in mating strategies between males and females may influence the evolution of mate-sig-
nalling systems. Exploitation of pre-existing female preferences for certain visual or acoustic stimuli by
male courtship signals has been reported from a variety of species. However, information on chemical
communication systems is comparatively scarce. The sensory trap model of sexual signalling suggests
that female preferences originated from and are maintained by selection pressures in a nonsexual context,
e.g. prey recognition. We tested a key prediction from the sensory trap hypothesis for the evolution of the
male sex pheromone in a solitary wasp, the European beewolf, Philanthus triangulum. Females hunt exclu-
sively honeybees, Apis mellifera, as provisions for their larvae. Males mark territories with a pheromone to
attract females. The co-occurrence of a long-chain alcohol, (Z)-11-eicosen-1-0l, in the male pheromone
and on the cuticle of honeybees suggests that males might exploit a female preference for (Z)-11-
eicosen-1-ol. We used behavioural assays with honeybees and honeybee dummies to investigate whether
females use (Z)-11-eicosen-1-ol for prey recognition. Females used olfactory cues to find and identify hon-
eybees and (Z)-11-eicosen-1-ol was an essential component of the prey recognition cue. Thus, female Eu-
ropean beewolves have a high sensitivity for (Z)-11-eicosen-1-o0l that probably evolved in the context of
prey hunting. Therefore, males that included this compound in their sex pheromone probably attracted

more females and experienced a selective advantage according to the sensory trap model.
© 2005 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

The reproductive interests of males and females often
differ dramatically. Females usually make larger parental
investments than males, which invest more in mate
attraction and mate encounter (Trivers 1972; Phelan
1992, 1997). To maximize their reproductive success fe-
males should evolve special sensory, neural, physiological
and physical capabilities to locate and accumulate resour-
ces needed for provisioning offspring. Males, however,
should evolve a high efficiency to locate or attract females
to maximize the number of matings and thereby their re-
productive fitness. This fundamental asymmetry in repro-
ductive strategies may be a major determinant for the
evolution of courtship signals. Therefore, male sexual
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signals are expected to track the females’ response in evo-
lutionary time (Phelan 1992, 1997).

Recognizing this asymmetry, the pre-existing biases
(Basolo 1990) and sensory exploitation (Ryan 1990;
Ryan et al. 1990) models of sexual signalling suggest
that the evolution of male sexual signals is influenced
by pre-existing characteristics of the females’ sensory or
neural systems. An expansion of this hypothesis is the
sensory trap model (West-Eberhard 1984; Christy 1995)
which takes into account how such pre-existing sensory
sensitivities and female preferences may have evolved. It
states that female preferences originate because they are
selected for in at least one context outside mate choice,
that is, in a natural selection context such as foraging.
All three models propose that the female preference pre-
dates the preferred male trait and its use in sexual
signalling.

There is a growing body of evidence that supports
sensory traps as important factors for the evolution of
visual and vibrational male courtship signals (e.g. Proctor
1991; Clark & Uetz 1992; Sakaluk 2000; Rodd et al. 2002;
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Stalhandske 2002; Christy et al. 2003a, b; Madden & Tan-
ner 2003). Although sexual signalling and mate choice fre-
quently involve chemical communication, surprisingly
little is known about possible evolutionary pathways of
chemical communication systems and the role of sensory
exploitation or sensory traps in shaping the composition
of sex pheromones (Phelan 1992, 1997; Christy 1995). Se-
lection for prey detection or recognition is an example of
how selective forces in a context other than mate choice
can influence female mating preferences (Proctor 1991;
Christy 1995; Rodd et al. 2002). If females use odours to
locate their food or prey, male signals that are sufficiently
similar to this odour to attract females will be favoured by
sexual selection (Christy 1995).

We tested a key prediction (see below) of the sensory trap
model for the evolution of the sex pheromone of male
European beewolves, Philanthus triangulum (Hymenoptera:
Crabronidae). Female beewolves are strictly monophagous
and hunt exclusively honeybee, Apis mellifera, workers.
They search for honeybees on flowers, paralyse them, and
bring them to their nest as provisions for their offspring
(Strohm 1995). Beewolf females’ reproductive success is
limited by the number of bees they can secure for their
progeny (e.g. Strohm & Linsenmair 1997, 1998; Strohm
& Marliani 2002). Females can therefore be expected to
have evolved special sensory, neural and physiological abil-
ities to maximize their success in detecting and capturing
honeybees. Tinbergen (1935) provided some evidence for
the use of olfactory cues in the hunting behaviour of fe-
male European beewolves; however, the chemical nature
of these cues has not been analysed. Many hymenopteran
species use chemical cues for the location and/or identifica-
tion of food sources. Predatory and parasitic species in par-
ticular rely on chemical stimuli associated with their prey
or hosts (Dicke & Sabelis 1992; Godfray 1994; Stowe et al.
1995; Quicke 1997; Hendrichs & Hendrichs 1998). These
so-called ‘kairomones’ can be either actively emitted sig-
nals intended for a different receiver, such as pheromones
(Dunkelblum et al. 1996; Hendrichs & Hendrichs 1998;
Hoffmeister & Gienapp 1999; Millar et al. 2001), or inad-
vertently provided cues, such as cuticular substances
(Anton & Gnatzy 1998; Howard et al. 1998) or products
such as faeces (Steidle & Ruther 2000; Schaffner & Miiller
2001). In any case, kairomones usually reliably indicate
the presence and identity of the host or prey.

Male beewolves establish and scent-mark territories
with the secretion of a cephalic gland to attract females
(Evans & O’Neill 1988; Schmitt et al. 2003). Remarkably,
the major component of the males’ pheromone, (Z)-11-
eicosen-1-ol (Schmidt et al. 1990; Schmitt et al. 2003), is
one of the major compounds of the alarm pheromone of
honeybees, the exclusive prey of the females (Free et al.
1982, 1983; Pickett et al. 1982). Based on the sensory
trap model (West-Eberhard 1984; Phelan 1992, 1997;
Christy 1995), we propose a three-step scenario for the
evolution of the male sex pheromone in P. triangulum.
(1) Foraging honeybees should emit (Z)-11-eicosen-1-ol.
(2) Since successful hunting is the major factor influenc-
ing their reproductive potential, beewolf females evolved
a high sensory sensitivity for this characteristic compo-
nent to locate or identify honeybees. (3) Males have

evolved the production of (Z)-11-eicosen-1-ol as a phero-
mone component because of the high sensitivity of fe-
males for this substance. In the current study we focused
on prediction 2. Predictions 1 and 3 will be studied and
discussed elsewhere (T. Schmitt, G. Herzner, P. Schreier &
E. Strohm, unpublished data; G. Herzner, T. Schmitt &
E. Strohm, unpublished data).

We tested, by means of behavioural assays, whether
beewolf females use olfactory cues, and in particular (Z)-
11-eicosen-1-0], to detect and identify honeybees. Females
of the European beewolf are highly specialized and have
probably evolved an accordingly highly specialized senso-
ry-neural-motor system. In contrast to generalist species
this specialization provides a good opportunity for
a male to exploit effectively the females’ sensory system
and behavioural response. For the same reason, it should
be easier to identify the stimuli necessary for prey location
and identification in this species than in generalist spe-
cies. Thus, owing to the females’ extreme specialization,
beewolves provide an exceptionally promising model sys-
tem to test the sensory trap hypothesis.

METHODS
Beewolves

For a detailed description of the European beewolf and
its behaviour see Strohm (1995). For the present study, fe-
males were either collected at various field sites in or close
to Wiirzburg or obtained from a laboratory population
reared at the Biocenter of the University of Wiirzburg
(F1-generation of field-caught beewolves). They were
brought into an environmental chamber and individually
housed in sand-filled breeding containers (60 X 18 cm
and 18 cm high) to which flight cages (15 X 18 cm and
18 cm high) were attached. These were lit by neon lamps
(26:22°C day:night 14:10 h light:dark cycle). For 5-7 days
females were allowed to habituate to the laboratory condi-
tions and provided with honey and honeybees ad libitum.
During the following training and experimental period,
they were provided with honey only and presented with
differently manipulated honeybees or honeybee dummies

(test prey).

Training

Beewolf females were trained to attack and paralyse
honeybees that were offered at a specific spot in the
foraging cage. For this purpose bees were anaesthetized
with CO, and attached to commercial hairgrips (hairclips)
by clamping one of the wings. Beewolf females that at-
tacked the bees (which were then released from the hair-
grips) were allowed to take them to their nests. After the
females had reliably learned to accept the tethered honey-
bees (after approximately 1 week), freeze-killed and de-
frosted honeybees were offered. This step was included
to eliminate the movement of the bees that could be
a stimulus for prey detection by the females. Freezing
does not alter the outer appearance or the odour bouquet
of the bees (G. Herzner, unpublished data). Only females



that learned to accept the dead bees as prey were used for
the bioassays described below.

During the initial training phase, females that attacked
the tethered live or frozen bees showed a characteristic
behaviour. After the first perception and localization of
the bees (for which olfactory as well as visual cues were
probably responsible, see also Tinbergen 1935), they hov-
ered in front of the prey at a distance of approximately
10 cm for a few seconds before they finally pounced on
it and stung it. Based on this behavioural sequence we as-
signed the females’ response to one of the following cat-
egories during the subsequent bioassays: females either
(1) did not hover at all, (2) hovered in front of the prey
object but then did not pounce on it or (3) hovered and
finally pounced on the prey. The first two categories
were regarded as ‘no attack’, the third as ‘attack’. An at-
tack is thus defined as the pouncing of the female on
the test prey, regardless of whether she tried to sting it
or not.

Experimental Blocks

The role of olfaction

We first investigated whether olfaction plays a role in
hunting by beewolf females. We tested whether the
characteristic honeybee ‘body odour’, comprising the
cuticular substances, is essential for releasing an attack.
Therefore, we tested (1) odourless bees whose cuticular
hydrocarbons were removed, (2) odourless bees that were
rescented by contact with live honeybees, and (3) odour-
less bees that were rescented with a honeybee extract. To
obtain odourless ‘bees’ we soaked freshly freeze-killed
honeybees in acetone for 2 days and subsequently dried
them in a drying oven at 70°C for 1 day. In this manner
the characteristic bee odour was removed (this was verified
with gas chromatography). After the initial training phase
of the female beewolves, these odourless honeybees were
offered. To obtain the first group of rescented bees, we
stored odourless bees in a vial that contained 15 live
honeybees for 1 day. The transfer of the cuticular sub-
stances to the odourless bees was again verified by gas
chromatography. The rescented bees were taken out of the
vial immediately preceding the test with a female and
each rescented bee was used only once. For the second
group of rescented bees we reapplied the cuticular sub-
stances to odourless bees by using an extract of honey-
bees. We obtained a honeybee extract by soaking three
freshly freeze-killed honeybees in 2 ml of distilled hexane
for 10 min (bee extract). Each extract sample was reduced
in volume to approximately 50 ul and applied to an
odourless bee with a pipette immediately before each
test to avoid premature volatilization of substances. After
the solvent had evaporated (after 1 min), the rescented
bees were used for the bioassay. As a control, 50 ul of
pure hexane was applied on odourless bees and presented
to beewolf females.

To reduce visual stimuli further, we replaced the odour-
less honeybees by honeybee dummies. The dummies were
made of dark-grey Teflon (because of its inertness to
chemicals) and attached to thin metal rods. They were
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cylindrical and had the approximate size of honeybees
(1.5 X 0.6 mm). We scented the dummies as described
above for the odoutrless bees, either by placing them in
a vial with live bees or by applying honeybee extract.
We compared the number of attacks on odourless and re-
scented honeybees and on odourless and scented honey-
bee dummies.

The role of (Z)-11-eicosen-1-ol

To examine the role of (Z)-11-eicosen-1-0l in prey rec-
ognition, we conducted a second set of bioassays using
the Teflon dummies. Not only is (Z)-11-eicosen-1-ol a ma-
jor component in the alarm pheromone of honeybees, but
it can also be found on honeybees’ cuticles (T. Schmitt,
G. Herzner, P. Schreier & E. Strohm, unpublished data).
To determine the natural amounts of (Z)-11-eicosen-1-ol
on honeybee cuticles we analysed honeybee extracts by
combined gas chromatography and mass spectrometry
(GC-MS). We found (Z)-11-eicosen-1-ol in varying
amounts in all extracts. After the initial training phase
of the females, three different kinds of scents were tested
on dummies: (1) the normal honeybee extract (bee ex-
tract); (2) the pure hydrocarbon fraction of the honeybee
extract containing no (Z)-11-eicosen-1-ol (HC); and (3)
the hydrocarbon fraction of the bee extract to which
(Z)-11-eicosen-1-ol was added (HC+ Eicosenol).

To remove (Z)-11-eicosen-1-ol from the mixture of hy-
drocarbons, we washed 10 honeybees in 3 ml of distilled
hexane for 10 min. The resulting extracts were loaded
on to a silica gel column (Macherey and Nagel, Chroma-
bond 500 mg) and eluted with 3 ml of hexane. The eluted
fraction contained the whole set of hydrocarbons (HC: al-
kanes, methylalkanes and alkenes), but no (Z)-11-eicosen-
1-ol. The HC solution was partitioned into three aliquots
that were reduced in volume to approximately S0 ul and
each aliquot was used for one dummy. To obtain solutions
of the purified HC fractions that contained (Z)-11-
eicosen-1-ol, we added commercially available (Z)-11-
eicosen-1-ol (ICN Biomedicals, Irvine, CA, U.S.A.) in the
amount found in the extracts of the bees before fraction-
ing (HC+Eicosenol). This amount differed somewhat be-
tween extracts (between 3 and 8% of the amount of the
main compound heptacosane). Therefore, the amount of
(Z)-11-eicosen-1-0l that was added differed accordingly.
The relative amount of (Z)-11-eicosen-1-ol in the bee ex-
tracts, the absence of (Z)-11-eicosen-1-ol in the HC, and
the relative amount of (Z)-11-eicosen-1-ol in the HC +Ei-
cosenol mix were determined by GC-MS. We compared
the proportion of attacks on bee extract dummies with
the HC dummies solution as well as the proportion of at-
tacks on HC dummies with the HC+ Eicosenol dummies.
To avoid pseudoreplication, we used all individual prey
objects only once.

Procedure

Hairgrips were thoroughly cleaned with acetone before
all experiments. Every morning, each focal female was first
offered a normal live honeybee attached to a hairgrip and
allowed to paralyse it and take it to the nest. When the
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female left her nest to forage again, a test prey was offered
for 2 min and the response of the female (attack/no at-
tack) was recorded. If the female attacked the test prey,
we removed it and replaced it with a live honeybee that
could be paralysed and brought to the nest. If the female
did not attack the prey during the 2-min test phase, we
immediately tested her motivation for foraging by offering
a normal live honeybee. If the female attacked the bee
within 2 min, she was considered to have been motivated
during the bioassay and the previous test prey was catego-
rized as ‘not attacked’. If the female did not catch the live
honeybee within 2 min, she was considered to have
not been motivated to hunt and the previous trial was
excluded from the analysis. Each motivated female
was tested with different test prey categories, but only
once with a particular test prey category to avoid
pseudoreplication.

Chemical Analysis

For the GC-MS, we used an Agilent 6890N Series gas
chromatograph (Agilent Technologies, Boblingen, Ger-
many) coupled to an Agilent 5973 inert mass selective
detector. The GC was equipped with an RH-5ms+ fused
silica capillary column (30 m X 0.25 mm ID; df = 0.25 pm;
temperature programme: from 60°C to 300°C at 5°C/min
and held for 1 min at 60°C and for 10 min at 300°C). Heli-
um was used as the carrier gas with a constant flow of 1 ml/
min. A split/splitless injector was installed at 250°C and in
the splitless mode for 60 s. The electron impact mass spectra
(EI-MS) were recorded with an ionization voltage of 70 eV,
asource temperature of 230°C and an interface temperature
of 315°C. The software MSD ChemStation for Windows
(Agilent Technologies, Palo Alto, CA, U.S.A.) was used for
data acquisition. To identify the alkanes, alkenes and (Z)-
11-eicosen-1-0l, we compared retention times and mass
spectra of honeybee extracts with purchased substances or
with data from a commercial library (NIST, Gathersburg,
MD, U.S.A,; see also Schmitt et al. 2003).

Data Analysis

The data were analysed with Fisher’s exact test (two
tailed) using the statistics program BIAS for Windows
version 7.07 (epsilon-Verlag GbR, H. Ackermann, Frank-
furt/Main, Germany). Sample sizes were limited by the
number of beewolf females available for the tests, the very
time-consuming training of the females and the relatively
long period of 4-5 weeks needed for the bioassays (this
period corresponds to the females’ average life expectancy).
Some females did not learn to attack the tethered bees or
did not attack the dead bees (olfaction experiment: 13/44;
(2)-11-eicosen-1-ol experiment: 9/28) and thus could not
be used in the bioassays. Those that could be trained
were not active outside their nests every day. Active fe-
males could usually be tested with only one or two prey
objects on any one day, since they spent much of their
time feeding or in their nests. Some of the females died be-
fore their response to all prey objects could be tested.

Therefore, sample sizes differ between different tested
stimuli.

RESULTS
The Role of Olfaction

Odourless honeybees (N = 29) and odourless honeybee
dummies (N = 17) did not trigger the hovering behaviour
and were (with one exception) not attacked (Fig. 1). By re-
scenting the previously odourless bees, we elicited the nat-
ural hovering and hunting behaviour. Prey objects that
were rescented by contact with live honeybees were recog-
nized as prey and attacked in 82-90% of the tests (Fig. 1).
Similarly, the honeybee extracts applied to odourless bees
and dummies elicited attacks in 75-81% of the tests
(Fig. 1). After contact with the rescented bees, females
showed the final stinging behaviour. Scented dummies,
on the other hand, did not evoke stinging attempts but
were thoroughly and excitedly antennated by the females.
Since the proportion of hovering flights and predation at-
tacks (stinging behaviour not included) on scented honey-
bees and dummies was similar and we wanted to reduce
the influence of visual cues, we used only dummies for
the subsequent tests.
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Figure 1. Percentage of attacks on differently treated prey objects.
(a) Test prey were odourless control bees (N = 29), rescented bees
that had been in contact with live honeybees (bee contact,
N = 34) and bees treated with cuticle extracts of honeybees (bee
extract, N = 28; difference from control: Fisher’s exact test:
P < 0.0001 for contact and extract). (b) Test prey were odourless
control dummies (N = 17), scented dummies taken from a vial
with live bees (bee contact, N = 20) and dummies to which a hon-
eybee extract was applied (bee extract, N = 17; difference from
control: Fisher’s exact test: P < 0.0001 for contact and extract).




The Role of (Z)-11-eicosen-1-ol

The chemical profile of honeybee cuticles was dominated
by alkanes and alkenes. (Z)-11-eicosen-1-ol was only a mi-
nor component. Figure 2 shows a typical total ion chro-
matogram of a honeybee worker extract containing (Z)-
11-eicosen-1-0l and a chromatogram of this extract after
removal of the (Z)-11-eicosen-1-ol. (Z)-11-eicosen-1-ol
could be completely removed from the hydrocarbon frac-
tion of the honeybee extract as can be seen in the overlay
of the two chromatograms. The pattern of all other com-
ponents was identical.

The attack rate on dummies scented with bee extract
was lower in this second set of bioassays than in the first.
This difference might have been caused by a disparity in
the hunting motivation between the two sets of females
(they were taken from different populations) or seasonal
influences (the second set of bioassays was conducted
later in the season). In contrast to the bee extract
(N = 19), HC (N = 14) never elicited attacks on dummies
(Fig. 3). HC was initially attractive to females; they
hovered but did not attack the dummies. Notably,
HC+Eicosenol (N = 8) was about as attractive as the
bee extract and was significantly more attractive than
HC to hunting beewolf females (Fig. 3). The bee extract
and HC+Eicosenol triggered the normal sequence of
the hunting behaviour comprising the hovering flight
and the following attack.

(Z)—ll—eicosen—l;(ij
Y
_._f!\
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30 35
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Figure 2. Comparison of the chromatograms of a cuticular extract of
10 honeybees (red) and the hydrocarbon fraction of the same ex-
tract (black). The chart on the left shows a magnified section of an
overlay of both chromatograms. (For orientation: 1: heneicosane;
2: (Z)-9-tricosene; 3: tricosane; 4: (Z)-9-pentacosene; 5: pentaco-
sane; 6: hexacosane; 7: (Z)-9-heptacosene; 8: heptacosane; 9:
octacosane; 10: (Z)-9-nonacosene; 11: nonacosane; 12: (Z)-7-hen-
triacontene; 13: (Z)-9-hentriacontene; 14: hentriacontane; 15: (2)-
7-tritriacontene; 16: (Z)-9-tritriacontene.)
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Figure 3. Percentage of attacks on honeybee dummies treated with
differently processed honeybee extracts. Difference between natural
honeybee extracts (bee extract, N = 19) and pure hydrocarbon ex-
tracts (from which (Z)-11-eicosen-1-ol had been removed by chro-
matography; N = 14): Fisher’s exact test: P = 0.002. Difference
between the hydrocarbon solution after the readdition of (Z)-11-
eicosen-1-ol (N = 8) and pure hydrocarbon extracts: Fisher’s exact
test: P = 0.002.

DISCUSSION
Prey Recognition in Beewolves

The results of our behavioural assays clearly show that
beewolf females use olfactory cues for prey identification.
In accordance with Tinbergen (1935) we conclude that the
hunting behaviour of beewolf females consists of three
distinct steps and involves different sensory modalities.
The hovering flight in front of the potential prey at a dis-
tance of approximately 10 cm seems to be an important
step in the hunting sequence in which the female decides
to attack or to ignore a potential prey. The hovering flight
was elicited by bee extracts as well as by the hydrocarbon
solutions (with or without (Z)-11-eicosen-1-ol). This im-
plies that females rely on ‘bee-like’ odours for the first de-
tection and localization of the potential prey. White
dummies treated with honeybee extract could not be lo-
calized and were not attacked by females (G. Herzner, un-
published data). Thus, both visual and olfactory cues are
essential for initial prey detection.

The actual identification of the prey and the decision to
attack seem to take place during the hovering and are
obviously mediated by olfactory cues. Notably, the hydro-
carbon fraction alone did not elicit attacks. Only honey-
bee extracts containing (Z)-11-eicosen-1-ol, as in either
the bee extract or in the HC+ Eicosenol solution, elicited
attacks. Thus, (Z)-11-eicosen-1-0l is an essential cue for
prey recognition and attack.

The final stimuli that evoke the stinging behaviour
seem to comprise both gustatory and tactile cues. Re-
scented honeybees were stung by beewolf females, in-
dicating that all necessary cues were present. Dummies
bearing the same odour were not stung, most probably
because they had the ‘wrong’ shape and surface. Such
a multisensory detection, localization and acceptance of
prey or hosts, involving visual, olfactory, gustatory and
tactile cues, has been described for other hymenopteran
species, such as the digger wasp Liris niger (Anton &
Gnatzy 1998) and two species of aphid parasitoids (Batta-
glia et al. 2000; V&Ikl 2000).
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The sensory equipment responsible for prey detection
and recognition in P. triangulum has not yet been investi-
gated in detail. We found a high diversity and density of
presumably olfactory and gustatory sensilla on the anten-
nal flagella of European beewolves (Herzner et al. 2003).
One type of these sensilla, the multiporous large sensillum
basiconicum is present only on the antennae of female
beewolves. This sensillum type has a role in the discrimi-
nation between potential prey species in the digger wasp
L. niger (Anton & Gnatzy 1998), and may serve a similar
function in P. triangulum.

(Z)-11-eicosen-1-ol as a Recognition Cue

Predators or parasitoids with a broad prey or host range
usually use cues that are common to many potential prey
or host species (Lewis et al. 1971; Schaffner & Miiller 2001;
but see Steidle & van Loon 2003). Specialized predators,
such as the European beewolf, however, usually locate or
identify their prey with the help of infochemicals (or mix-
tures thereof) that are more or less unique to the prey
(Bargen et al. 1998; Bernays 1998; De Moraes et al. 1998;
Powell et al. 1998; Al Abassi et al. 2000; Steidle & van
Loon 2003).

Beewolf females flying through their hunting grounds
are exposed to an enormous number of chemical stimuli.
Owing to their monophagy, females must be able to filter
out reliably those stimuli that are characteristic for their
honeybee prey. Alkanes, methylalkanes and alkenes,
which are the prominent compounds found on honeybee
cuticles (Francis et al. 1985; Salvy et al. 2001), are wide-
spread among the Hymenoptera (e.g. Lasioglossum mala-
churum: Ayasse 1991; several bumblebee species:
Oldham et al. 1994; the leafcutter bee, Megachile rotun-
data: Paulmier et al. 1999; Andrena nigroaenea: Schiestl
et al. 1999; the almond seed wasp, Eurytoma amygdali:
Krokos et al. 2001; three species of decorator wasps Eucer-
ceris: Clarke et al. 2001; and the wheat stem sawfly,
Cephus cinctus: Bartelt et al. 2002; Polistes fuscatus: Panek
et al. 2001; the European hornet, Vespa crabro:
Ruther et al. 2002) and other insect orders (e.g. Diptera:
Ishii et al. 2001; Coleoptera: Nelson et al. 2002; Lepidop-
tera: Guo & Blomquist 1991; Heteroptera: Drijfhout &
Groot 2001). Hence, they cannot easily be used as reliable
cues for honeybee prey recognition by female European
beewolves. (Z)-11-eicosen-1-0l, however, is very scarce
in the Hymenoptera and has hitherto not been reported
from nonhymenopteran species. Besides its occurrence
in A. mellifera and in the pheromone of P. triangulum
males (Schmitt et al. 2003; T. Schmitt, G. Herzner,
P. Schreier & E. Strohm, unpublished data), it has been
described as a major component of the venom of the
Asian honeybee Apis cerana (Schmidt et al. 1997), the Du-
four’s gland secretion of the neotropical stingless bee Frie-
seomelitta varia (Patricio et al. 2003), and in the thoracic
glands of male carpenter bees, Xylocopa micheneri, from
Arizona (Andersen et al. 1988). Thus, (Z)-11-eicosen-1-
ol has not been described in species other than Apis mel-
lifera in the distribution range of the European beewolf

and might hence be an ideal cue for largely unequivocal
prey recognition by beewolf females.

Removal of (Z)-11-eicosen-1-ol from the honeybee
extracts rendered them unattractive to foraging females.
It is a well-known but little understood phenomenon
that odour blends lose or change their information
content by only slight changes in their composition. In
several bee species, females become unattractive to males
after mating owing to the removal (Ayasse et al. 1999),
addition (Schiestl & Ayasse 2000) or removal and
addition (Simmons et al. 2003) of certain components
from or to the odour bouquets. Although (Z)-11-
eicosen-1-ol is only a very minor component of the
chemical cuticular profile of honeybees, its presence is es-
sential for prey recognition; it can thus be regarded as
a discriminator or recognition substance (Holldobler &
Michener 1980).

(Z)-11-eicosen-1-ol and the Sensory Trap

The very small amounts of (Z)-11-eicosen-1-ol and its
low volatility suggest that beewolf females possess high
sensory (olfactory) and neural abilities that evolved to
maximize their success in detecting and identifying
honeybees. The neural hypothesis (Bernays & Wocislo
1994; Bernays 1998, 2001) states that resource specializa-
tion, which is usually associated with strong sensory and
neural focusing, leads to more economic information
acquisition and processing, which allows for faster and
more effective search and recognition behaviours. Such
a fast and accurate assessment and identification of the
potential prey is crucial to females’ survival and reproduc-
tive success. The resulting strong restriction to only one
or a few very particular host cues by females may act as
an important selective force for the evolution of the
males’ sexual signals (‘sensory drive’, see e.g. Endler
1992). Thus, a highly specialized, and therefore highly
sensitive, prey recognition mechanism should be more
prone to exploitation by male signalling than a less
fine-tuned system.

Our results clearly support our second prediction that
follows from the sensory trap model. (Z)-11-eicosen-1-0l
is used as an essential cue for prey recognition and has
therefore a high potential to function as a sensory trap.
Males that incorporate it in their pheromone may evoke
an out-of-context feeding response of females to attract
them (West-Eberhard 1984; Christy 1995) thereby increas-
ing their reproductive success.
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