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Abstract Life in insect societies asks for a permanent
Xow of information, often carried by rather simple organic
molecules. Some originate from plants as odours of blos-
soms or exudates from trees. Especially important are the
intra- and interspeciWc combinations of compounds pro-
duced by the insects themselves. These are called phero-
mones or ecto-hormones and serve a variety of tasks. The
paper deals mainly with honeybee pheromones, but takes
also into consideration those of wasps and hornets. EVects
of pheromones are monitored ethologically by direct obser-
vation and Wlming as well as in a more quantitative manner
with using direct and indirect calorimetry. In all experimen-
tal set-ups alarm pheromones were used as controls. They
show an up to fourfold increase of activity after a few sec-
onds, determined for small groups of insects as well as for a
whole hornet nest placed in a 25-l calorimeter. A variety of
cosmetics like soaps, shampoos, lotions and perfumes are
included in the investigations because of repeated reports
about unwarranted insect attacks which are said to be pro-
voked by such products. None of the applied substances
provoked a signiWcant reaction of the bees (p > 0.05).

A short appendix discusses the still questionable existence
of pheromones in man, which were conWrmed under labora-
tory conditions, but not yet for daily life.
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Introduction

Social insects like ants, termites, honeybees, bumblebees,
hornets and wasps live together in colonies of several hun-
dreds up to many thousands of individuals with a speciWc
sharing of tasks and work. Thus, it is extremely necessary
for colony members to exchange information through the
population. During evolution diVerent kinds of information
transmission were developed on various levels including
direct contact between individuals, optical and acoustical
signals as well as chemical cues inside and outside their
hives, mounds or nests. The honeybee dances on combs
detected and intensively studied by Karl von Frisch (1967)
became well-known even to a lay public. In this paper we
will concentrate on the information exchange by chemical
substances transported as scents in air, since these are an
extremely important means of communication for honey-
bees as well as other social insects.

Pheromones

Information molecules in the sense of attractants may origi-
nate in the blossoms of Xowers and especially in nectar and
pollen or in exudates from trees such as propolis. But
equally important are some glands in social insects that pro-
duce secretions serving communicative purposes (Schmidt
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et al. 1998). In the honeybees these are the Nasonov gland,
the mandibular glands, the setose sting glands and the tarsal
Arnhart glands (Free 1987; Williams et al. 1982; Winston
1987). Their secretions are not only used at the hive to
mark the entrance, but they are also used for Wnding a sex-
ual partner, marking a territory, in orientation, swarm clus-
tering or guidance to special Xowers. The most important
application for social insects is hive defence.

Typical substances secreted by the Nasanov gland are
geraniol, citral, farnesol and nerol. Together with rather
simple molecules like isopentyl acetate (the main odour
component of ripe bananas!) or hexanone from the sting
glands these compounds or speciWc mixtures of them are
called pheromones in insect sciences. Referring back to
hormones that are secreted inside the body, the term phero-
mones (or ecto-hormones) was coined by Karlson and
Lüscher (1959) for highly volatile chemical substances
which are secreted externally by one individual and induce
a speciWc reaction in another member of the same species
(Karlson and Lüscher 1959). Pheromones can be divided
into signal pheromones which are attractants or repellents
that induce short time reactions like an alarm and in primer
pheromones that are used for the long-term organization of
social groups. Meanwhile, many pheromones are known
and their compositions intensively studied (Table 1). More-
over, artiWcial pheromones have been constructed with the
same molecules but in varying blends. Many of them show
the same eVect as their natural counterparts. There are quite
a number of odours which are used for communication
among social insects and provoke special activities. Not all
of them can be catalogued as pheromones. For many of
these the question is still open.

Pheromone molecules have to evaporate and dissipate
quickly and are often transported by air over rather large
distances. They should be diluted by diVusion and mainly
convective mixing in a short time down to very low con-
centrations making space for new scents and thus new
information. Only molecules with molecular weights

between 100 and 200 are suited for this purpose, and it is
thus obvious that the organic compounds found in phero-
mones are small and simple aliphatic ones. These com-
pounds may correspond closely to the mixture of scents
produced in blossoms. It has been shown that the scent of a
honeybee abdomen might be amazingly similar to that of a
rose (Bertsch 1975, p. 104). Therefore, the question arose
whether such scent molecules of Xowers might have
entered the genetic library for odours and pheromones of
their pollinating insects.

Detection and discrimination of odours 
and pheromones

Pheromones as well as odour molecules are detected with
sensory cells located in the antennae of insects. When
odour molecules hit the epicuticula of the sensillae, they are
adsorbed and quickly transported by facilitated diVusion
and through pores into the inner lymph-containing part of
this organ, where they are bound by special proteins and
brought to speciWc olfactory receptors. Matching of odor-
ants with such receptors leads to an activation of the corre-
sponding neurons (Dettmer and Peters 2003; Van der Goes
van Naters and Carlson 2006). Large gene families are
engaged in odour detections in all animals (Bargmann
2006) underlining the importance of olfactory cues in life.
Not so in insects; they seem to have a smaller number of
odour-responsible genes and types of odorant receptors.
The fruit Xy Drosophila has only 62 such receptor types
encoded by 60 genes. Instead of using many diVerent nar-
rowly tuned receptors, it applies a few broadly tuned recep-
tors and a combination of various strategies to diVerentiate
between the signals (Bargmann 2006). The sensitivity is
extremely high—binding of a few molecules provokes a
neuronal excitation which may lead to changes in behav-
iour. To demonstrate this high sensitivity, just two textbook
examples shall be mentioned.

Table 1 List of some phero-
mones of honeybees (taken from 
the literature)

Pheromone Gland Purpose

Nasonov Nasonov (worker) Orientation

Alarm Mandibular (worker)
Sting (worker)

Alarm and defence

Recognition Kin or colony recognition

Queen Mandibular (queen) Queen recognition
Drone attraction
Worker attraction
Swarm cluster stabilization

Scent Nasonov (worker) Recruital

Tergite Tergite (queen) Inhibition of queen rearing drone copulation

Marking Mandibular (drone) Marking congregation spots

Footprint Tarsal (worker) Orientation at Xowers
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It could be shown by Vareschi (1971) that a honeybee
drone reacts on 9-oxo-E-2-decenic acid, an important com-
pound produced by the queen, with a sensitivity that is 3–7
powers of ten higher than towards corresponding saturated
fatty acids with four (C4) to twelve (C12) carbon atoms. That
means that 109 molecules of this compound per ml are
enough to produce about 60 nerve impulses per second (cited
after Dettmer and Peters 2003). Calculating this number
down to the air space around a sensilla of the antenna, one
arrives at a few molecules suYcient to provoke a reaction.

The best-known example of insect communication with
high sensitivity originates from the silk-worm moth Bom-
byx mori. The female produces the sexual attractant bomby-
kol in its abdomen-situated odour glands. The Bombyx
male discriminates this molecule with sensory cells of its
antennae, even at very small amounts. One molecule of
bombykol is enough to guide the male in the odour gradient
of an airXow to the female (Dettmer and Peters 2003; see
also Nachtigall and Blüchel 2000).

Alarm pheromones

These especially important compounds are found in honey-
bees, wasps, ants and termites. They are mixtures of several
kinds of molecules which are highly volatile as necessary for
a short-term signal. The alarm pheromone of the honeybee
contains about 20 compounds, among which isopentyl ace-
tate and 2-heptanone are the most important ones. A few of
them are listed in Table 2. Alarm pheromone composition
varies between bee species and shows even diVerences
between neighbouring hives in a bee yard. They may pro-
voke intra- as well as interspeciWc reactions. A bee sting
injures the victim, marks him, recruits nest mates for defence
of the colony, which also sting the victim and thus induce an
aggressive mass attack, well-known from disturbed wasp or
hornet nests (Edwards 1980). As honeybees are social
insects, the response of an isolated individual is considerably
less aggressive than when in contact with a larger bee group.

Alarm pheromones became known to a broad audience
by the so-called killer bees of South America. African hon-
eybees are normally more aggressive than the European
bees which have been bred by humans for hundreds of

years to become calm and easy to handle. When the African
bees were imported into South America in 1956 to be
crossed with the already imported European bees for
obtaining a honeybee race with a higher honey production,
the South African bees escaped by accident and spread rap-
idly to most parts of the continent and further up to the
north. Lethal accidents due to mass attacks by the aggres-
sive Africans were frequently reported (Winston 1992). Up
to now, about 1,000 fatalities due to excessive stinging
have been recorded. The composition of the African alarm
pheromone is rather similar to the European one, isopentyl
acetate and 2-heptanone being also the main components. It
seems that the higher amount of pheromone produced in the
African bees is important for the attacks rather than the
mixture of substances.

Behavioural observations

Earlier pheromone investigations were carried out with
ethological assays. They are cumbersome and time con-
suming and have to be performed in the Weld under some-
times adverse conditions. In any case, investigators have to
keep a distance from the test site because alarmed social
insects might be a real hazard to them (MacLean and
Schmolz 2004).

In parallel with the physiological experiments reported
below, ethological studies were performed on the same bee
hives. After a pre-period to monitor the frequency of in- and
out-Xying bees, isopentyl acetate, hexanone and some cos-
metics were exposed to the insects for 1 min and then
removed for a post-period. During these three periods video
clips were taken with a digital camera and later on evaluated
in a 1-s time frame for the number of bees present on the
landing board directly in front of the hive entrance. Isopentyl
acetate causes a signiWcant increase in the bee number and
their locomotor activity, the other compounds non-signiWcant
eVects and the cosmetics no eVect at all (von der Heydt,
unpublished results). For the moment, the pleasant take-
home-message is that no actions are provoked by cosmetics
whatsoever one applies to feel better or more attractive.

Simultaneous ethological and physiological investiga-
tions of pheromone actions of honeybees were monitored
by means of oxygen concentration measurements (indirect
calorimetry, see “Calorimetric observations”) and visual
observation in hermetically closed 750-ml vessels. For esti-
mating the eVects these vessels—equipped with an electro-
lytic oxygen sensor and an inlet for the pheromone—were
theoretically divided into three equal volumes (upper, mid-
dle, lower) and the bottom. Pre-period, pheromone period
and post-period were Wlmed as video-clips with a digital
camera, and the distribution of bees in the vessel was evalu-
ated from still pictures every second. The results for the

Table 2 Main components of the honeybee alarm pheromone
(Schmolz et al. 1999a)

Isopentyl acetate Highly active C7H14O2

2-Heptanone Highly active C7H14O

2-Heptanol Highly active C7H16O

1-Hexanol Highly active C6H14O

1-Octanol Less active C8H18O

1-Butanol Less active C4H10O
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pheromone period are depicted in Fig. 1 and a typical distri-
bution of bees in all three periods in Fig. 2.

The pheromone was injected after a short pre-period of
10 s (Fig. 1). During this time about 35% of the bees were
sitting on the bottom (black bar), 60% occupied the lower
volume (dark grey bar) and only 5% the middle one (light
grey bar). No bee was seen in the upper part. This was typi-
cal for all experiments with this setup. The picture changed
considerably after 8 s. The Wrst bees appeared in the upper
volume (white bar), a number that increased to 65% at the
end of the 25-s observation period. The middle part became
nearly empty. The next video-clip 30 s later showed a mean
of 51% of bees in the upper part with a decreasing tendency
from 58 to 40%, only 9% in the centre, 28% in the lower
part and 12% on the bottom. One minute later the distribu-
tion returned to values of 0 (0), 34 (6), 17 (58) and 49
(36)%, respectively (the values in brackets are those of a
video-clip 5 min before the start of the experiment proper).

Calorimetric observations

Physiological investigations represent an alternative to the
time consuming ethological assays. For it has often been
shown that the metabolic rate of an animal is a sensitive
measure of its activity and gives comprehensive informa-
tion about its energetic status (Schmolz and Lamprecht
1999, 2004). There are two ways of monitoring the locomo-
tor activities of living objects and their metabolism calori-
metrically: direct and indirect calorimetry. Both techniques
are non-invasive and non-speciWc so that unexpected eVects
can be monitored also. While direct calorimetry measures
the heat Xow from a living specimen to its (constant tem-
perature) environment (Schmolz and Lamprecht 1999,

2004), indirect calorimetry determines oxygen consump-
tion or carbon dioxide production rates which can be trans-
ferred into energy units. This latter is the more common
way to obtain information about the metabolic levels
(Moritz and Bürgin 1987; Moritz and Southwick 1992).
Southwick and Moritz (1985) performed intensive indirect
investigations on alarm pheromones with bee groups from
1 up to 6,700 individuals. They found short-term elevated
oxygen consumption rates, an increase with the number in
smaller groups and clear dose–eVect relationships at a spe-
ciWc concentration level, and recommended this approach
as a means to determine quantitatively the temperament of
honeybee species.

A Calvet type twin calorimeter with 100-ml vessels was
applied in the direct approach. Twenty to thirty honeybees
were placed in the reaction vessel which was continuously
Xushed with thermally equilibrated air. After a pre-period
to get the calorimetric base-line, the air stream was led for
1 min through a washing bottle with a pheromone saturated
atmosphere and afterwards switched back to the foregoing
conditions. Figure 3 shows the experimental setup includ-
ing calorimeter, air pump, washing bottle and chart
recorder. Figure 4 shows the calorimetric results. The pre-
period, stimulation phase and post-period of the thermal
power as function of time are clearly indicated. The
response of the insects to the pheromone seems to be slow,
but this is due to the thermal inertia of the instrument; it
appears within a few seconds using direct observations (see
Fig. 7). The excitation of the bees decreases after a short
time, the signal usually drops below the level of the pre-
period, showing an exhaustion eVect of the animals and a
compensation for the additional energy spent during the
attack. Similar curves were obtained calorimetrically for
hornets, for whom only four pheromone components could
be determined as active compounds in their venom up to
now, among them 2-methyl-3-butene-2-ol.

MacLean and Schmolz (2004) used the same setup for
the hornet Vespa crabro in groups of Wve individuals in the
calorimetric vessel. They investigated nine diVerent alarm
pheromone components; just not only the known intraspe-
ciWc ones, but also six interspeciWc ones like isopentyl ace-
tate. Both kinds produced signiWcant increases in the heat
production rate after their application. The authors showed
that the vapour pressure of the compounds (boiling points
between 69 and 176°C; mean 106°C) had no inXuence on
the results; and they speculated that the compounds develop
their action subsequently. In this picture, highly volatile
components induce a rapid response of the hornets, while
the other substances demonstrate an enduring eVect.

In another series of experiments alarm pheromones were
tested for complete colonies of the hornet V. crabro
(Schmolz et al. 1999a). Their nests were kept during a
summer season in 25-l cool-camping boxes transformed

Fig. 1 Distribution of worker bees in a 750-ml vessel before and dur-
ing the application of isopentyl acetate. The independent axis shows
the experimental time in seconds (not to scale), the dependent axis the
percent distribution. The bars represent from the bottom to the top: the
bottom of the vessel; the lower third of the volume; the middle third;
the upper third (see text)
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into very simple and inexpensive calorimeters (Fig. 5). The
speciWcally active venom compound 2-methyl-3-butene-2-
ol was injected through a hole in the calorimeter wall
directly on the paper wall of the nest where it provoked an
immediate, strong and longer lasting eVect (Fig. 6): the heat
production rate nearly doubled to values that were calori-
metrically obtained from Xying hornets earlier (Schmolz
et al. 1999b). Such values are in agreement with results of
Veith et al. (1984). Astonishingly enough, the hornets also
reacted interspeciWcally on the bee components 2-hepta-
none and isopentyl acetate, although these two compounds
were already shown not to be present in the hornet phero-
mone.

Indirect calorimetric determinations were run in glass or
Plexiglas containers from about 50 up to 750 ml with 1 to
about 30 honeybees. It was important to vary the number,
since bees are social insects that react diVerently depending
upon the group size (Fahrenholz et al. 1989, 1992). Single

honeybees are inert against alarm pheromones, groups of
six or more are still easy to handle but already quite respon-
sive towards pheromones. The containers were equipped
with electrolytic oxygen sensors at the top that gave electric
signals of about 50 mV proportional to the oxygen concen-
tration in the container. Moreover, in- and outlets for air
were incorporated at the top allowing for the addition
of pheromones; otherwise they were hermetically sealed.
After a pre-period with a constant drop of the oxygen con-
centration (due to the respiration of the animals) 10 ml of
scent-saturated air were added to the container, and the fur-
ther drop of oxygen was registered. Because it was diYcult
to switch back to pheromone-free air, the evaluation was
limited to the Wrst 60 s after the addition and no true post-
periods were observed. Figure 1 depicts the behaviour
described above. Figure 7 shows the inXuence of isopentyl
acetate on the oxygen consumption rate of 149 honeybees
(19.0 g fresh weight) at 23°C in a 750-ml vessel as shown

Fig. 2 Photos taken from the 
video clips. a a few minutes 
before the start of the 
experiment; b at the maximum 
of the pheromone eVect; 
c a few minutes after the 
maximum (please notice the 
condensed water at the lower 
wall as sign for a highly 
increased metabolic rate and loss 
of water by locomotor activity). 
The full video clip can be seen 
under Supplementary data
123



1258 Eur Biophys J (2008) 37:1253–1260
in Fig. 2. The pheromone component was added around
120 s; the eVect is seen a few moments later. The rate
increase is nearly fourfold under these experimental condi-
tions with water condensation at the wall due to the high
metabolic turnover.

Cosmetics

Investigations on alarm pheromones of social insects are
not only of scientiWc interest, but also of practical impor-
tance. From time to time there is news in the media that
special people in a group were attacked by bees or wasps
without any preceding provocation; and it is often supposed
that this is due to a speciWc body odour, a meal they had
before or cosmetics these people used. These last may be
perfumes as well as soaps, shampoos, lotions, crèmes, hair
sprays or gels. Such attacks may be friendly in the sense

that the insects were attracted by a special well-known
smell (Xower scent, e.g.) and that they only turned to
aggression by the hectic behaviour of the person. When one
examines carefully the sometimes-indicated ingredients of
food and cosmetics, one Wnds several components that are
also contained in pheromones (such as geraniol or citral
from the Nasonov gland or linolenic acid and coniferyl
alcohol of the queen retinue pheromone, e.g.) but also in
forager pheromones guiding to special blossoms.

Ono and colleagues reported on alarm pheromone com-
ponents of the Japanese giant hornet Vespa mandarina and
about the fact that about 80 persons die in Japan each year
after stings by Hymenopteran insects (Ono et al. 2003).
They speculated whether these victims “provoked a seem-
ingly unwarranted attack” because the venom from all
seven known Japanese hornet species contains components
that are also used in manufactured food and cosmetic prod-
ucts. Moreover, the appearance of allergies induced by
wasps and honeybee stings increases worldwide and with
them the fear to be stung by insects.

Therefore, it seemed worthwhile to use established
experimental protocols to have a look at the actions of a
broad spectrum of cosmetics (von der Heydt, unpublished
results). In all experiments these were tested against isopen-
tyl acetate as a control. Groups of 8–12 honeybees in glass
vessels of about 200 ml were tested for their normal respi-
ration rates by the previously mentioned electrolytic sensor.
Then 10 ml of air, saturated with the cosmetic scent, were
added, and the rate change monitored. In none of the cho-
sen cosmetics (perfumes, after-shaves, shampoos, lotions)
could a statistically signiWcant reaction be detected on the
5% level (non-parametric Friedman test), while the reac-
tions on isopentyl acetate were always highly signiWcant.
Thus one may generalize and conclude that there is nor-
mally no danger in using cosmetics. However, it cannot be
excluded that body scent and food may have something to
do with the reported eVects.

Fig. 3 Sketch of the applied Calvet-type twin calorimeter showing the
Xow of air through the reaction vessel either directly or via a wash bot-
tle containing a piece of Wlter paper soaked with a pheromone solution
(adapted from Schmolz et al. 1999a)

Fig. 4 Calorimetric response of 
a honeybee group to the applica-
tion of an alarm pheromone 
component. The horizontal line 
gives the experimental time in 
arbitrary units; the curve 
represents the changing heat 
production rate of the group. PV: 
pre-period; PG: maximum rate; 
PN: post-period. The action of 
the pheromone can be described 
by the maximum rate increase 
Pmax and the time T1 till to this 
point (adapted from Schmolz 
et al. 1999a)
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Conclusion

Pheromones—and odours in general—are fascinating Welds
for biological and biochemical investigation. They may
originate from insects, other animals and even humans.
Their structure is rather simple: small aliphatic and some-
times aromatic compounds with molecular weights
between 100 and 200. Their composition in a pheromone
with respect to number, kind and concentration makes the
speciWc bouquet and provokes the wanted action. The evo-
lution of the interplay between molecule and receptor was
pushed forward to its absolute limit by nature (Nachtigall
and Blüchel 2000): only a few or even single molecules are
required for an identiWable signal in an enormous variety of
other scents. A few diVerent types of olfactory receptors
and a sophisticated cooperation between them comprise the
HiFi receiver of the insects. Perhaps, the perfect, chemi-
cally governed organization of social life in a bee hive or an
ant nest of 10,000 of members is even more astonishing
than the one odour molecule docking to the receptor of the
sensilla.

Acknowledgments One of the authors (I. L.) acknowledges with
pleasure the intensive discussion and the stimulating questions to this
topic at the MolRec2007 Conference in Pecs/Hungary directly after the
lecture and at later occasions. Our thanks go to Professor E. Battley,
Stony Brook for his support of this manuscript.

Appendix 1

With respect to pheromones, the question often arises if
pheromones—which are known from unicellular yeast cells
up to all classes of animals—do exist for humans too. This
question is still under discussion with many hints that pher-
omones are important for humans also, mainly in a socio-
sexual context (Hatt 2004; Wysocki and Preti 2004;
Shepherd 2006). After an early rather vague discussion in
the book of Agosta (1992) more recent reviews (Kohl et al.
2001; Grammer et al. 2005; Fink and Sövegjarto 2006)
present diVerent aspects of their origin, detection and
eVects. Human apocrine glands are supposed to be the main
producer of pheromones. They are located in the axillae
pits and the pubic region. The fact that a functional vomer-
onasal organ directly connected with the limbic system
exists in humans also supports the idea of pheromone activ-
ities (Monti-Bloch et al. 1998).

Axons of the receptor cells in the vomeronasal organ
directly lead to the bulbus olfactorius which projects into
the limbic system. Thus, the information may be received
unnoticed by us. Whether the pheromones may act along
this line is still discussed (Fink and Sövegjarto 2006). Nev-
ertheless, Grammer and colleagues wrote that “human
sociosexual interactions are inXuenced by pheromones,

Fig. 5 Twenty-Wve litre twin calorimeter. 1: Reaction chamber with
the hornet nest and with tube (6) to the environment; 2: reference
chamber; 4,5: temperature sensors connected to a Xatbed recorder (12);
8: wall of the laboratory; 10,11: connection to the heat Xow sensors
(Peltier elements) connected to a Xatbed recorder (13)

Fig. 6 Change in the heat Xow of a hornet nest after the addition of an
alarm pheromone component (adapted from Schmolz 1997)

Fig. 7 Oxygen concentration in a 750 ml vessel with 149 honeybees
(19.0 g fresh weight) before and after the addition of isopentyl acetate
added at about 120 s. The oxygen concentration is given as the propor-
tional electric signal in mV; 55 mV correspond to oxygen saturation.
The stimulation amounts to a factor of 3.7
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even if they cannot be detected consciously” (Grammer
et al. 2005).

The androstenol-androstenone-signalling system is a
special focus of research. It was concluded that “… the
model of humans being primarily visual creatures may
require some reconsideration. Human life and interactions
are inXuenced by pheromones whether or not aVect or eVect
is part of our consciousness.” and “Human pheromones
have more potential than any other social environmental
sensory stimuli to inXuence physiology and, therefore,
behaviour.” (Kohl et al. 2001). Nevertheless, doubts still
exist because convincing results were only obtained under
laboratory conditions until now, but not in real life. It needs
carefully chosen experimental conditions to detect a—pre-
sumably weak—inXuence of human pheromones and body
odour on the sociosexual behaviour and to prove eYcacy of
the commercial so-called sexual attractants (Fink and
Sövegjarto 2006).

References

Agosta WC (1992) Chemical communication: the language of phero-
mones. ScientiWc American Library, New York

Bargmann CI (2006) Comparative chemosensation from receptors to
ecology. Nature 444:295–301

Bertsch A (1975) Blüten—lockende Signale (Blossoms—enticing sig-
nals). Otto Maier Verlag, Ravensburg

Dettmer K, Peters W (2003) Lehrbuch der Entomologie, 2nd edn.
Springer, Berlin

Edwards R (1980) Social wasps. Restokil Limited, East Grinstead
Fahrenholz L, Lamprecht I, Schricker B (1989) Microcalorimetric

investigations of the energy metabolism of honeybee workers,
Apis mellifera carnica. Thermochim Acta 151:13–21

Fahrenholz L, Lamprecht I, Schricker B (1992) Calorimetric investiga-
tions of the diVerent castes of honey bees, Apis mellifera carnica.
J Comp Physiol B 162:119–130

Fink B, Sövegjarto O (2006) Pheromone, Körpergeruch und Partner-
wahl. Gynäkologe 39:731–740

Free JB (1987) Pheromones of social insects. Cornell University Press,
Ithaca

Grammer K, Fink B, Neave N (2005) Human pheromones and sexual
attraction. Eur J Obstet Gynecol Reprod Biol 118:135–142

Hatt H (2004) Molecular and cellular basis of human olfaction. Chem
Biodivers 1:1857–1869

Karlson P, Lüscher M (1959) Pheromones: a new term for a class of
biologically active substances. Nature 183:55–56

Kohl JV, Atzmueller M, Fink B, Grammer K (2001) Human
pheromones: integrating neuroendocrinology and ethology.
Neuroendricronol Lett 22:309–321

MacLean C, Schmolz E (2004) Calorimetric investigations on the
action of alarm pheromones in the hornet Vespa crabro. Thermochim
Acta 414:71–77

Monti-Bloch L, Diaz-Sanchez V, Jennings-White C, Berliner DL
(1998) Modulation of serum testosterone and autonomic function
through stimulation of the male human vomeronasal organ
(VNO) with pregna-4,20-diene-3,6-dione. J Steroid Biochem Mol
Biol (England) 65(1–6):237–242

Moritz R, Bürgin H (1987) Group response to alarm pheromones in
social wasps and the honeybee. Ethology 76:15–26

Moritz RFA, Southwick EE (1992) Bees as superorganisms—an evo-
lutionary reality. Springer, Berlin

Nachtigall W, Blüchel KG (2000) Das große Buch der Bionik—Neue
Technologien nach dem Vorbild der Natur. Deutsche Verlags-
Anstalt, Stuttgart

Ono M, Terabe H, Hori H, Sasaki M (2003) Components of giant
hornet alarm pheromones. Nature 424:637–638

Schmidt JO (1998) In: Vander Meer RK, Breed MD, Espelie KE,
Winton ML (eds) Pheromone communication in social insects.
Westview Press, Boulder

Schmolz E (1997) Kalorimetrische Untersuchungen zu Wärmeproduk-
tion und Thermoregulation der Hornisse Vespa crabro L.:
Energieumsatz im Nest, bei der Überwinterung und im Flug
(Calorimetric investigation on heat production and thermoregula-
tion of the hornet Vespa crabro L.: Energy turnover in the nest,
during hibernation and during Xight). Dissertation Fachbereich
Biologie, Freie Universität, Berlin

Schmolz E, Lamprecht I (1999) Calorimetry of small animals. In: Kemp
R (ed) Handbook of thermal analysis and calorimetry. Life sci-
ences. vol 4, chap. 8. Elsevier Science, Amsterdam, pp 405–467

Schmolz E, Lamprecht I (2004) Thermal investigations on social
insects. In: Lörinczy D (ed) The nature of biological systems as
revealed by thermal methods. Kluwer Academic Publishers,
Dordrecht, pp 251–283

Schmolz E, Scholz T, Lamprecht I (1999a) Alarmpheromone bei sozi-
alen Insekten. Nachr Chem Tech Lab 47:1095–1098

Schmolz E, Brüders N, Schricker B, Lamprecht I (1999b) Direct calo-
rimetric measurement of heat production rates in Xying hornets
(Vespa crabro; Hymenoptera). Thermochim Acta 328:3–8

Shepherd GM (2006) Smells, brains and hormones. Nature 439:149–
150

Southwick EE, Moritz RFA (1985) Metabolic response to alarm pher-
omone in honey bees. J Insect Physiol 31:389–392

Van der Goes van Naters W, Carlson JR (2006) Insects as chemosen-
sors of humans and crops. Nature 444:302–307

Vareschi (1971) cited after Dettmer K, Peters W (2003) Lehrbuch der
Entomologie, 2nd edn. Springer, Berlin

Veith HJ, Koeniger N, Maschwitz U (1984) 2-Methyl-3-butene-2-ol, a
major component of the alarm pheromone of the hornet Vespa
crabro. Naturwissensch 71:328–329

Von Frisch K (1967) The dance language and orientation of bees.
Harvard Univ Press, Cambridge

Williams IH, Pickett JA, Martin AP (1982) Nasonov pheromone of the
honeybee Apis mellifera L. (Hymenoptera, Apidae). J Chem Ecol
8/2:567–574

Winston ML (1987) The biology of the honey bee. Harvard Univ Press,
Cambridge

Winston ML (1992) The biology and management of Africanized
honey bees. Ann Rev Entomol 37:173–193

Wysocki CJ, Preti G (2004) Facts, fallacies, fears, and frustrations with
human pheromones. Anat Rec Part A 281A:1201–1211
123


	Pheromones in the life of insects
	Abstract
	Introduction
	Pheromones
	Detection and discrimination of odours and pheromones
	Alarm pheromones
	Behavioural observations
	Calorimetric observations
	Cosmetics
	Conclusion
	Appendix 1
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


