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Contact – recognition in social insects (cuticular waxes of specific composition)









Infochemicals – modern equivalent to semiochemicals







In moth, the sex pheromone producer is mostly the female.









Aggregation pheromone is a signal for a suitable site for food, mating, and 
development of brood.





The concentration gradient tells directions (towards food source or towards 
home). Principle – volatility and stepwise evaporation of the pheromone.











The term “marking pheromone” is also used for territory-marking signals (e.g. 
bumblebees) 



Alarm pheromone is sometimes a signal for dispersion, too.





All defense compounds belong to allomones.





parasitoids of insect eggs register sexual pheromones of female moths 
and thus they easily localize the laid eggs of their prey

















Eisner T. & Meinwald J.: The chemistry of sexual selection. Proc. Natl. 
Acad. Sci. USA 1995, 92, 50-55.



Utetheisa

Females mate more than once, they store sperms that are combined with the 
accumulated alkaloid.  According to the quality of the male pheromone, she 
decides which sperm to use for fertilization of eggs. 

She uses alkaloid for protection of laid eggs.







Anthonomus – pest on cotton





muscon – Moschus moschiferus L., kabar pižmový, žije v Himalajích, velikost srnce

civetone – Viverra zibetha L., civetka africká

exaltone – Viverricula indica Desmarest, civetka indická

ambrettolid, exaltolid – pižmové vůně z rostlin (ibišek, angelika)

Family Moschidae

Himalayan Musk Deer, Moschus chrysogaster

Siberian Musk Deer, Moschus moschiferus

Dwarf Musk Deer, Moschus brezovskii

Black Musk Deer, Moschus fuscus

The variety which appears in commerce is a secretion of the musk deer; but the odor is 
also emitted by the musk ox and muskrat of India and Europe, by the Musk Duck
(Biziura lobata) of southern Australia, the musk shrew, the musk beetle (Calichroma
moschata), the alligator of Central America, and by several other animals.

In the vegetable kingdom it is present in the musk flower (Mimulus moschatus), the musk 
wood of the Guianas and West Indies, and in the seeds of Abelmoschus moschatus
(musk seeds).

To obtain the perfume from the musk deer, the animal is killed and the gland completely 
removed and dried, either in the sun, on a hot stone, or by immersion in hot oil. It 
appears in commerce as "musk in pod" (i.e. the glands are entire) or as "musk in grain" 
(in which the perfume has been extracted from its receptacle).













1 – Monomorium pharaonis, ant

3 – Popillia japonica, Japanese beetle





sulcatol – bark beetle Gnathotrichus sulcatus



Dacus oleae, olive fly





Šobotník J, et al.: Chemical warfare in termites. J. Insect Physiol. 2010,
56, 1012-1021.



Šobotník J, et al.: Chemical warfare in termites. J. Insect Physiol. 2010,
56, 1012-1021.





Cases of intoxication of children with cantharidine are reported.























Used extensively to protect apples in orchards (pest: Cydia pomonella) and
grapes in vineyards (pest: Lobesia botrana).





Methods in Chemical Ecology. Vol. 1. Chemical Methods. J. Millar & K. F. Haynes, 
Kluwer Academic Publishers, London 1998, second printing 2000.













Supercritical fluid extraction technique is a new separation technique, which is 
developed by use of the fluid, which has the ability of dissolution at the supercritical 
pressure and the supercritical temperature. The supercritical fluid extraction technique 
has many characteristics, such as high extraction efficient, simply separation technology, 
no need solvent recovery equipment, easy operation condition, widely used future, etc. 
Supercritical fluid extraction technique is always completed in the room temperature. 
Since it is no poisonous, no residual, and green manufacture, there are more and more 
studies and applications about it home and abroad in recent years. 

Physical properties of supercritical fluid carbon dioxide

The density is similar to that of a liquid, and offers higher dissolving capability for 
various substances. 

Because the viscosity is similar to that of a gas and the diffusion coefficient is larger than 
that of a liquid, substance extraction is faster. 



















Gas chromatography (GC) is one of the most widely used techniques in modern analytical 
chemistry. In its basic form, GC is used to separate complex mixtures of different molecules 
based on their physical properties, such as polarity and boiling point. It is an ideal tool to analyze 
gas and liquid samples containing many hundreds or even thousands of different molecules, 
allowing the analyst to identify both the types of molecular species present and their 
concentrations.

Gas chromatography is a very sensitive method for the separation and quantification of chemicals. 
Like in any other chromatographic technique, separation of compounds depends on their partition 
between a stationary and a mobile phase. In gas chromatography, the mobile phase is a gas that is 
moved through the column, while the stationary phase is a liquid film that coats the column filling 
(in packed columns) or the column wall (in capillary columns). Hence, the correct name for gas 
chromatography is "Gas Liquid Chromatography", abbreviated GLC. Compounds are injected 
onto the column and carried through it by the mobile phase; depending on their partition into the 
stationary phase, they move slower or faster. A sensitive detector is required at the end of the 
column to detect and quantify the compounds as they leave the column.

Compounds must be present in the gas phase so that partition between the gaseous mobile phase 
and the liquid stationary phase is possible. Thus, GLC must be carried out at temperatures above 
the boiling point of the compounds to be separated. 

The mobile phase in GLC is an inert gas (nitrogen, helium, hydrogen). If one is interested in 
achieving good separation of mixtures, is is advantageous to use a temperature program: For the 
first part of the run, the column temperature is low; after the short fatty acids have passed the 
column, the temperature is gradually increased until all components have left.





SPME without solvent, enables to analyze the most volatile components















http://www.mymcat.com/wiki/IR_Spectroscopy

IR, or infared, spectroscopy is a vital tool to organic chemists wishing to identify what 
functional groups exist in unknown samples. The light our eyes see is but a small part of 
a broad spectrum of electromagnetic radiation. On the immediate high energy side of the 
visible spectrum lies the ultraviolet, and on the low energy side is the infrared. Having a 
wavelength range from 2,500 to 16,000 nm, the infared region is capable of revealing 
information not easily uncovered through basic means. 

Photon energies associated with the infrared region are not large enough to excite 
electrons but they are still strong enough to induce vibrational excitation of covalently 
bonded atoms and groups. Covalent bonds are not rigid sticks or rods but are more like 
stiff springs that can be rotated (single bonds only), stretched, and bent. This wide variety 
of vibrational motions in turn is characteristic to a molecules component atoms. 
Consequently, virtually all organic compounds will absorb infrared radiation that 
corresponds in energy to these vibrations and infrared spectrometers permit chemists to 
obtain absorption spectra of compounds that are a unique reflection of their molecular 
structure. 



http://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/Spectrpy/nmr/nmr1.htm

http://teaching.shu.ac.uk/hwb/chemistry/tutorials/molspec/nmr1.htm



http://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/Spectrpy/UV-
Vis/spectrum.htm



http://www.nsm.buffalo.edu/~jochena/research/opticalactivity.html



http://www.mhhe.com/physsci/chemistry/carey/student/olc/ch13ms.html









Exact Mass. In most mass spectrometry experiments the nominal mass is used and the

mass to charge ratio of an ion is rounded to the nearest whole number. High resolution

instruments, including double focusing and FT-ICR mass spectrometers, are capable of

determining the "exact mass" of an ion. This is useful for interpretation because each element

has a slightly different mass defect. This “mass defect” is the difference between the mass of the

isotope and the nominal mass (which is equivalent to the number of protons and neutrons).

Recall that the atomic mass scale is defined by carbon-12 with a mass of exactly 12.0000 u. The

exact mass of a specific isotope is determined relative to C by high resolution mass 12

spectrometry (see Table 3). High resolution mass spectrometry can distinguish compounds with

the same nominal mass but different exact mass caused by different elemental composition.

For example, C H , CH O, and NO all have a nominal mass of 30 u. Because they have 2 6 2

the same nominal mass, a mass spectrometer with unit mass resolution can not distinguish these

three ions. However, the exact masses for C2H6(30.04695039), CH2O (30.01056487) and NO

(29.99798882) are different and a high resolution mass spectrometer can distinguish these three

compounds.

















Extract of the pheromonal gland (marking pheromone) of Bombus lapidarius, red-tailed 
bumblebee (hexadecenol, hexadecanol, hexadecenoic acid)









The objective of this slide is to establish that TOF is tried, tested, and proven MS 
technology.  The reason for its resurgence is the development of high speed 
electronics and innovative ways of using these electronics to rapidly collect 
spectral data.

The unspoken objection you are attempting to address is that TOF is new and 
therefore may not generate classical spectra.  TOF has been around longer than 
any other MS technique and has been in use constantly since its inception 
although it was used primarily or larger molecule analysis requiring higher mass 
ranges during the 1980’s and 1990’s.      
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The GC peak is for m/z 146 and the arrows show the points at which the adjacent spectra were taken.  For simultaneous sampling the spectrum is from the first arrow since whole spectra can be
obtained at any point along the chromatographic peak. The simulated scanning is based on scanning from the first to second arrow.  For illustration the scanning was done over 100 mass units
which would be equiv. to 5 spectra/sec.  Each m/z values corresponds to an increment of time along the chromatographic peak.  

With simultaneous sampling the spectra are consistent over the chromatographic peak, concentration at any point along the peak has no effect.  In contrast, sampling for scanning moves along the
concentration profile of the peak producing skewed spectra.  On the leading edge concentration is increasing and intensity increases with m/z value when scanning from high to low.  While the top 
is reasonably flat the spectrum is similar to simultaneous sampling.  And on the trailing edge the spectrum decreases from low to high as concentration decreases.

This difference is important in accurate spectra for library searching and for deconvoluting overlapping chromatographic peaks.  In order to deconvolute mass spectra of coelutions the spectra must
be consistent across the peak in order to attribute changes in the measured spectrum to different components rather than skewing.

Thus, simultaneous sampling has both quantitative and qualitative advantages over scanning.









With quadrupole GC/MS, the usual scanning frequency is 1 spectrum per second.













Deuterium-labeled compounds elute before the native ones on both, polar and non-polar 
columns.



The automated peak location algorithm detects an unknown peak later identified 
as furfural buried beneath the propylene glycol. The peak area of this analyte is 
0.001% of the peak area for the propylene glycol.



Without deconvolution, it is impossible to detect this peak.  Looking at mass 
spectra across the propylene glycol peak indicates that the analyte is completely 
obscured by the significantly higher concentration of propylene glycol.  Unless 
one knew to specifically look for furfural, the analyte would not be detected. 



Comparing the background subtracted spectrum at the apex of the furfural peak 
to the NIST spectrum, it is obvious that there is no match for furfural.  However, 
if the deconvoluted spectrum is compared a very good match of 75% is obtained.  



Ions evaporate into gas phase from charged droplets.































Dacus oleae, olive fly



Lindström M. et al.: Variation of enantiomeric composition of α-pinene in Norway 
spruce, Picea abies, and its influence on production of verbenol isomers by Ips 
typographus in the field. J. Chem. Ecol. 1989, 15, 541-48.









Borg-Karlson A.-K. et al.: Enantiomeric composition of monoterpene hydrocarbons in 
different tissues of Norway spruce, Picea abies (L.) Karst. A Multidimensional gas 
chromatography study. Acta Chem. Scand. 1993, 47, 138-144.







































Hovorka O. et al.: Premating behavior of Bombus confusus males and analysis of
their labial gland secretion. J. Chem. Ecol. 1998, 24, 183-193.











Kindl J. et al.: Scent marking in male premating behavior of Bombus confusus. J. 
Chem. Ecol. 1999, 25, 1489-1500.

















pentafluorobenzylhydroxylamin







Svatoš A. et al.: Identification of a new lepidopteran sex pheromone in 
picogram quantities using an antennal biodetector: (8E,10Z)-Tetradeca-
8,10-dienal from Cameraria ohridella. Tetrahedron Lett. 1999, 40, 7011-
7014.



Svatoš A. et al.: Identification of a new lepidopteran sex pheromone in 
picogram quantities using an antennal biodetector: (8E,10Z)-Tetradeca-
8,10-dienal from Cameraria ohridella. Tetrahedron Lett. 1999, 40, 7011-
7014.







Social insects have been existing for 100 millions years, humans only 100 
thousands years



Definition of Eusociality

Many animals live together as a group, but they are not necessarily social (e.g. a 
school of fish) because there is a very precise definition when it comes ot
sociality. True sociality (eusociality) is defined by three features: 1). There is
cooperative brood-care so it is not each one caring for their own offspring, 2). 
There is an overlapping of generations so that the group (the colony) will sustain
for a while, allowing offspring assist parents during their life, and 3). That there is
a reproductive division of labor, i.e. not every individual reproduces equally in the
group, in most cases of insects, this means there is one or a few reproductive(s) 
("queen", or "king"), and workers are more or less sterile. 















Slessor K. N. et al.: Semiochemical basis of the retinue response to queen honey
bees. Nature 1988, 332, 354-356.







Ants genus Formica (formic acid), hornets (2-metyl-3-buten-2-ol), honey bee 
(amyl acetate), waspsVespula maculifrons and V. squamosa (N-3-
metylbutylacetamide). 



Tengö J. & Bergström G.: Cleptoparasitism and odor mimetism in bees: Do 
Nomada males imitate the odor of Andrena females? Science 1977, 196, 1117.



Tengö J. & Bergström G.: Cleptoparasitism and odor mimetism in bees: Do 
Nomada males imitate the odor of Andrena females? Science 1977, 196, 1117.







Kaib M., Dittebrand H.: The poison gland of the ant Myrmicaria eumenoides and 
its role in recruitment communication. Chemoecology 1990, 1, 3-11.

Francke W., Schröder F., Walter F., Sinnwell V., Bauman, H., Kaib M.: New 
alkaloids from ants - identification and synthesis of (3R,5S,9R)-3-butyl-5-(1-
oxopropyl) indolizidine and (3R,5R,9R)-3-butyl-5-(1-oxopropyl)indolizidine, 
constituents of the poison gland secretion in Myrmicaria eumenoides
(Hymenoptera, Formicidae). Liebig's Ann. Chem. 1995, 995, 965-977.





Necromones, consisting of oleic and linoleic acids, help animals identify the 
presence of dead conspecifics (crustaceans and hexapods)





náš modelový druh P. simplex

vysvětlit, že stopovací feromon je používán k nalezení cesty k potravě

vysvětlit krátce EAG a spojejí GC-EAD



Rojení: vylétání okřídlených královen a králů, pak ztráta křídel, královna volá a 
nakonec dělají tandem.





Šobotník J, et al.: Chemical warfare in termites. J. Insect Physiol. 2010, 56,
1012-1021.







In ecology, commensalism is a class of relationship between two 
organisms where one organism benefits but the other is neutral (there 
is no harm or benefit). There are three other types of association: 
mutualism (where both organisms benefit), competition (where both 
organisms are harmed), and parasitism (one organism benefits and the 
other one is harmed).

Atemeles pubicollis, a staphylinid beetle, lives as a guest in colonies of ants.

Ant-insect interactions

Ants tend a wide variety of insect species, most notably lycaenid butterfly 
caterpillars and hemipterans.[5] Forty-one percent of all ant genera include 
species that associate with insects.[17] In all ant-insect associations the ants 
provide some service in exchange for nutrients in the form of honeydew, a 
sugary fluid excreted by many phytophagous insects.[5] Interactions between 
honeydew-producing insects and ants is often called trophobiosis, a term 
which merges notions of trophic relationships with symbioses between ants 
and insects. This term has been criticized, however, on the basis that 
myrmecophilous interactions are often more complex than simple trophic 
interactions, and the use of symbiosis is inappropriate for describing 
interactions among free-living organisms.[5]



Hemiptera

Some of the most well-studied myrmecophilous interactions involve ants and 
hemipterans (earlier grouped in the order Homoptera which included the 
Auchenorrhyncha and Sternorrhyncha), especially aphids. There are around 
4000 described species of aphids, and they are the most abundant 
myrmecophilous organisms in the northern temperate zones.[3][5] Aphids feed 
on the phloem sap of plants, and as they feed they excrete honeydew droplets 
from their anus. The tending ants ingest these honeydew droplets then return 
to their nest to regurgitate the fluid for their nestmates (see trophallaxis).[1]
Between 90-95% of the dry weight of aphid honeydew is various sugars, while 
the remaining matter includes vitamins, minerals, and amino acids.[3] Aphid 
honeydew can provide an abundant food source for ants (aphids in the genus  
can secrete more honeydew droplets per hour than their body weight) and for 
some ants aphids may be their only source of food. In these circumstances, 
ants may supplement their honeydew intake by preying on the aphids once the 
aphid populations have reached certain densities. In this way ants can gain 
extra protein and ensure efficient resource extraction by maintaining 
honeydew flow rates that do not exceed the ants’ collection capabilities.[3]
Even with some predation by ants, aphid colonies can reach larger densities 
with tending ants than colonies than without. Ants have been observed to tend 
large “herds” of aphids, protecting them from predators and parasitoids. Aphid 
species that are associated with ants often have reduced structural and 
behavioral defense mechanisms, and are less able to defend themselves from 
attack than aphid species that are not associated with ants.[3]

Ants engage in associations with other honeydew-producing hemipterans such as 
scale insects (Coccidae), mealybugs (Pseudococcidae), and treehoppers 
(Membracidae), and most of these interaction are facultative and opportunistic 
with some cases of obligate associations, such as hemipterans that are 
inquiline, meaning they can only survive inside ant nests.[5] In addition to 
protection, ants may provide other services in exchange for hemipteran 
honeydew. Some ants bring hemipteran larvae into the ant nests and rear 
them along with their own ant brood.[3] Additionally, ants may actively aid in 
hemipteran dispersal: queen ants have been observed transporting aphids 
during their dispersive flights to establish a new colony, and worker ants will 
often carry aphids to a new nesting site if the previous ant nest has been 
disturbed. Ants may also carry hemipterans to different parts of a plant or to 
different plants in order to ensure a fresh food source and/or adequate 
protection for the herd.

Lycaenid butterflies

Myrmecophily among lycaenid caterpillars differs from the associations of 
hemipterans because caterpillars feed on plant tissues, not phloem sap, and 
therefore do not continually excrete honeydew. Caterpillars of lycaenid 
butterflies have therefore evolved specialized organs that secrete chemicals to 
feed and appease ants.[3] Because caterpillars do not automatically pass 
honeydew, they must be stimulated to secrete droplets and do so in response 



to ant antennation, which is the drumming or stroking of the caterpillar’s body by 
the ants’ antennae.[2] Some caterpillars possess specialized receptors that 
allow them to distinguish between ant antennation and contact from predators 
and parasites, and others produce acoustic signals that agitate ants, making 
them more active and likely better defenders of the larvae.[18][19] As with 
homopteran myrmecophiles, ants protect Lycaenid larvae from predatory 
insects (including other ants) and parasitoid wasps, which lay their eggs in the 
bodies of many species of Lepidoptera larvae. The enemy-free space that ants 
can provide for lycaenids is significant: one study conducted by Pierce and 
colleagues in Colorado experimentally demonstrated that survival rates of G. 
lygdymus larvae declined 85-90% when ant partners were excluded.[20]
These interactions do not come without an energetic cost to the butterfly, 
however, and it has been shown that ant-tended individuals reach smaller 
adult sizes than non-tended individuals due to the costs of appeasing ants 
during the larval stage.[21] Interactions with ants are not limited to the 
butterfly’s larval stage, and in fact ants can be important partners for butterflies 
at all stages of their life cycle.[2] For example, adult females of many lycaenid 
butterflies preferentially oviposit on plants where ant partners are present, 
possibly by using ants’ own chemical cues in order to locate sites where 
juvenile butterflies will likely be tended by ants.[19] Finally, while ant 
attendance has been most widely documented in Lycaenid butterflies (and to 
some extent riodinid butterflies), many other lepidopteran species are known 
to associate with ants, including many moths.[19]

Multiple levels of myrmecophily

Many trophobiotic ants can simultaneously maintain associations with multiple 
species.[17] Ants that interact with myrmecophilous insects and 
myrmecophytes are highly associated: species that are adapted to interact 
with one of these myrmecophiles may switch among them depending on 
resource availability and quality. Of the ant genera that include species that 
associate with ant plants, 94% also include species that associate with 
trophobionts. In contrast, ants that are adapted to cultivate fungus (leaf cutter 
ants, tribe Attini) do not possess the morphological or behavioral adaptations 
to switch to trophobiotic partners.[17] Many ant mutualists can exploit these 
multi-species interactions to maximize the benefits of myrmecophily. For 
example, some plants will host aphids instead of investing in EFN’s, which 
may be more energetically costly depending on local food availability.[5] The 
presence of multiple interactors can strongly influence the outcomes of 
myrmecophily, often in unexpected ways.[22]

Significance of myrmecophily in ecology

Mutualisms are geographically ubiquitous, found in all organismic kingdoms, and 
play a major role in all ecosystems.[22][23] Combined with the fact that ants 
are one of the most dominant lifeforms on earth,[12] it is clear that 
myrmecophily plays a significant role in the evolution and ecology of diverse 
organisms, and in the community structure of many terrestrial ecosystems.



Evolution of positive interactions

Questions of how and why species coevolve are of great interest and significance. 
In many myrmecophilous organisms it is clear that ant associations have been 
influential in the ecological success, diversity, and persistence of species. 
Analyses of phylogenetic information for myrmecophilous organisms as well as 
ant lineages have demonstrated that myrmecophily has arisen independently 
in most groups multiple times. Because there have been multiple gains (and 
perhaps losses) of myrmecophilous adaptations, the evolutionary sequence of 
events in most lineages is unknown.[21] Exactly how these associations 
evolve also remains unclear.

In studying the coevolution of myrmecophilous organisms, many researchers have 
addressed the relative costs and benefits of mutualistic interactions, which can 
vary drastically according to local species composition and abundance, 
variation in nutrient requirements and availability, host plant quality, presence 
of alternative food sources, abundance and composition of predator and 
parasitoid species, and abiotic conditions.[17] Because of the large amounts of 
variation in some of these factors, the mechanisms that support the stable 
persistence of myrmecophily are still unknown.[22] In many cases, variation in 
external factors can result in interactions that shift along a continuum of 
mutualism, commensalism, and even parasitism. In almost all mutualisms, the 
relative costs and benefits of interactions are asymmetrical; that is, one 
partner experiences greater benefits and/or fewer costs than the other partner. 
This asymmetry leads to “cheating,” in which one partner evolves strategies to 
receive benefits without providing services in return. As with many other 
mutualisms, cheating has evolved in interactions between ants and their 
partners. For example, some lycaenid larvae are taken into ant nests where 
they predate on ant brood and offer no services to the ants.[3] Other lycaenids 
may parasitize ant-plant relationships by feeding on plants that are tended by 
ants, apparently immune to ant attack because of their own appeasing 
secretions. Hemipterophagous lycaenids engage in a similar form of 
parasitism in ant-hemipteran associations.[13] In light of the variability in 
outcomes of mutualistic interactions, and also the evolution of cheating in 
many systems, much remains to be learned about the mechanisms that 
maintain mutualism as an evolutionarily stable interaction.[23]

Species coexistence

In addition to leading to coevolution, mutualisms also play an important role in 
structuring communities.[22] One of the most obvious ways in which 
myrmecophily influences community structure is by allowing for the 
coexistence of species which might otherwise be antagonists or competitors. 
For many myrmecophiles, engaging in ant associations is first and foremost a 
method of avoiding predation by ants. For example, the caterpillars of lycaenid 
butterflies are an ideal source of food for ants: they are slow-moving, soft-
bodied, and highly nutritious, yet they have evolved complex structures to not 
only appease ant aggression but to elicit protective services from the ants.[2]



In order to explain why ants cooperate with other species as opposed to predating 
on them, two related hypotheses have been proposed: cooperation either 
provides ants with resources that are otherwise difficult to find, or it ensures 
the long-term availability of those resources.[5]

Community structure

At both small and large spatiotemporal scales, mutualistic interactions influence 
patterns of species richness, distribution, and abundance.[24] Myrmecophilous 
interactions play an important role in determining community structure by 
influencing inter- and intraspecific competition; regulating population densities 
of arthropods, fungi, and plants; determining arthropod species assemblages; 
and influencing trophic dynamics.[5] Recent work in tropical forests has shown 
that ant mutualisms may play key roles in structuring food webs, as ants can 
control entire communities of arthropods in forest canopies.[13] Myrmecophily 
has also been key in the ecological success of ants. Ant biomass and 
abundance in many ecosystems exceeds that of their potential prey, 
suggesting a strong role of myrmecophily in supporting larger populations of 
ants than would otherwise be possible.[13] Furthermore, by providing 
associational refugia and habitat amelioration for many species, ants are 
considered dominant ecosystem engineers.[3][24]

Myrmecophily as a model system

Myrmecophilous interactions provide an important model system for exploring 
ecological and evolutionary questions regarding coevolution, plant defense 
theory, food web structure, species coexistence, and evolutionarily stable 
strategies. Because many myrmecophilous relationships are easily 
manipulable and tractable, they allow for testing and experimentation that may 
not be possible in other interactions. Therefore they provide ideal model 
systems in which to explore the magnitude, dynamics, and frequency of 
mutualism in nature.[13]
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VNO - functionality

Compounds occurring naturally on the human skin were found to cause a local 
depolarisation when applied directly to the VNO (Monti-Bloch and Grosser, 
1991). The nature of these compounds was not disclosed. This depolarisation had 
the characteristics of a receptor potential. Furthermore these compounds did not 
cause a response from the olfactory epithelium and, olfactory stimulants (e.g. 
cineole) had no effect on the VNO. Using the same compounds sexual 
dimorphism was demonstrated in their effect on electrodermal activity (Monti-
Bloch et al, 1994). These compounds were subsequently revealed to be 16-
androstenes and estrenes (Berliner, 1993; 1994). The androstenes have been 
previously isolated from human sweat (secreted by the axillary apocrine glands) 
(Gower et al., 1985).

Another "vomeropherin", pregna-4,20-diene-3,6-dione (PDD), caused evoked 
potentials in the VNO and also changed gonadotropin pulsatility in males, 
resulting in a reduced level of luteinizing hormone (Berliner et al, 1996) and 
testosterone (Monti-Bloch et al, 1998). In addition, PDD decreased respiratory 
frequency, increased cardiac frequency and caused event-related changes of 
electrodermal activity in EEG pattern (Berliner et al, 1996). 



































Androstadienone

Androstadienone is the current best candidate we have for a human pheromone. 
Is is a component of human (in particular male) secretions. Does androstadienone 
meet Karlson & Luscher (1959) "pheromone" criteria? In human studies in which 
androstadienone had access to the olfactory mucosa both physiological and 
psychological effects have been reported (Jacob and McClintock, 2000; Jacob, 
Hayreh and McClintock, 2001; Jacob, Garcia, Hayreh and McClintock, 2002 
Bensafi et al., 2003; Lundstrom et al., 2003; Bensafi et al 2004a, 2004b; 
Cornwell et al., 2004). While none of these changes can be regarded as the 
behavioural changes required for a compound to qualify as a pheromone, Savic et 
al. (2001) demonstrated that androstadienone activated the hypothalamus in a 
gender-specific manner (it activated the hypothalamus in women but not men). 
Compared with other odorous substances, androstadienone activated the anterior 
part of the inferior lateral prefrontal cortex (PFC) and the superior temporal 
cortex (STP) in addition to olfactory areas (Gulyas et al., 2004). The PFC and 
STP have been implicated in aspects of attention, visual perception and 
recognition and social cognition.



















nikotine used since 1700 



rotenon LD50 25-75 mg/kg 



Pyrethrins since 1820 









α-terthienyl is allelopathic compound of Tagetes genus







First pyrethroids were unstable in light and oxygen

Synthetic since 1947

30% insecticides used in the world are pyrethroids

Relatively expensive factory production (complicated structures), but low doses, 
higher stability, lower ecotoxicity (good degradability)

Traditional pyrethroids contain cyclopropane ring (Ambush)

Later pyrethroids – no cyclopropane ring in the molecule

toxicity 100 – 450 mg/kg











Proportion of sterile males must be 10:1 to reach decrease in population density
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Moulting – all life stages (larva-larva, larva-pupa, pupa-adult)
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