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communication - infochemicals

defense     - secondary metabolites in plants (alkaloids) 
- toxins in fungi and animals
- defensive secretions
- complex chemical defensive strategies

• both groups penetrate and complement together
• using of chemosemants is often linked with non-chemical type 

of defense and communication (mimesis, optical or acoustic
communication)

Chemosemants – mediators of chemical interactionChemosemants – mediators of chemical interaction



Defensive compounds, used by organisms as a protection 
against their potential consumers, are in majority products   
of secondary metabolism.

• plants: widespread (alkaloids, food deterrents…)

• animals: spread in small or immobile animals with limited
opportunities of defensive behavior of another type; 
practically unknown in animals on the tops of food-pyramids
(big predators)

Chemical defense of living organismsChemical defense of living organisms



Chemical defense Arachnoids and millipedes

Arachnoids and millipedesArachnoids and millipedes

Giant whipscorpion
Mastigoproctus giganteus
• irritated sprays defensive compounds
• pygidial gland
• nontoxic, but strongly irritating eyes etc.

composition: lower fatty acids with
prevalence of acetic acid (75% !!)
and octanoic acid (15%)

Millipedes (Fig. Narceus sp.)
• irritated excretes defensive compounds
• gland orifices on each body segment
• composition: aromatic and nitro compounds

2-nitroethenyl benzene              mandelonitrile

NO2
CN

OH



Chemical defense Termites I

Termites I: genus MacrotermesTermites I: genus Macrotermes

• frontal gland – forehead orifice
• composition: hydrocarbons

and chinones

2-methyl-1,4-benzochinone

O

O



Chemical defense Termites II

Termites II: genera Rhinotermes and ProrhinotermesTermites II: genera Rhinotermes and Prorhinotermes

• gland’s orifice on transformed
clypeolabrum (upper lip)

• composition: hydrocarbons,
ketones, aldehydes, keto-
aldehydes and unique natural
nitro compounds

1-nitro-1-pentadecene
[Prorhinotermes simplex]

C13H27
NO2



Chemical defense Termites III

Termites III: genera Trinervitermes and NasutitermesTermites III: genera Trinervitermes and Nasutitermes

• gland’s orifice: distinctly
elongated frontal part of head

• composition: mixtures of simple   
and complex mono- / diterpenes

α-pinene            limonene
[Nasutitermes exitiosus]

trinervitene
[Trinervitermes gratiosus]

H

OH



Chemical defense True bugs (Heteroptera)

True bugs (Heteroptera)True bugs (Heteroptera)

• chemical defense commonly used 
• intensively stinking secretions
• composition: broad compounds’ spectrum

Striped shield bug 
(Graphosoma lineatum)

hydrocarbons, aldehydes, 
furanones… Fire bug

(Pyrrhocoris apterus)
hydrocarbons, aldehydes, alcohols, 

ketones…



Chemical defense Coleoptera: Ground beetles

Ground beetles (Carabidae): Carabus genusGround beetles (Carabidae): Carabus genus

• massive insect predators (2-6 cm)
• enemies: vertebrates
• defense: strongly stinking secretion
• composition: lower fatty acids

CH3(CH2)2COOH – butyric acid
CH3(CH2)3COOH – valeric acid

Carabus coriaceus

Carabus intricatus



Chemical defense Coleoptera: Ground beetles – Bombardier beetles

Bombardier beetles - Brachinus genusBombardier beetles - Brachinus genus

• unique & efficient system of chemical defense
• well audible and visible “explosion”
• temperature at chamber exhaust: 100 ˚C 

hydrochinone                      H2O2

mixture
muscle
valveenzyme

glands

explosion
chamber

benzochinone + H2O + heat

O

O

OH

OH

+ H2O2 + 2H2O  + Δt
catalase



Chemical defense Coleoptera: Rove beetles

Rove beetles (Staphylinidae)Rove beetles (Staphylinidae)

Ocypus olens (The Devil’s Horse)
• the biggest European rove beetle, 

strong predator
• produces stinking defensive secretion

iridodial        4-methylhexan-3-one

CHO

CHO

O

Females of Paederus sp. 
• very strong toxin & DNA inhibitor
• bacterial biosynthesis in guts

pederin

O

N

O

O
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Chemical defense Coleoptera: Ladybugs

Ladybugs (Coccinellidae)Ladybugs (Coccinellidae)

Coccinella genus
• reflexive bleeding after irritation
• defensive compounds in lymph
• major component: coccinelline
• efficient against predators

N

H

H H

O

Epilachna varivestris
• adult: reflexive bleeding after irritation
• pupa: gland-hairs excrete defensive secretion
• toxin: number of structurally interesting alkaloids 

pupa (epilachnene)              adult’s lymph

O

H
N

O N

OH

(CH2)11

NH2

coccinelline



Chemical defense Coleoptera: Blister beetles

Blister beetles (Meloidae)Blister beetles (Meloidae)

Toxic compound: cantharidin
(biosynthesis, only in males!)

Function:
• defense of adults 
• defense of eggs (transfer)

Effects:
• nephro- and hepatotoxic
• strongly irritating skin
• known aphrodisiacal effects 
• popular poison (Aqua toffana

in Medici family, Italy)Spanish fly (Lytta vesicatoria)

O O

O

O



Chemical defense Coleoptera: Darkling beetles

Darkling beetles (Tenebrionidae)Darkling beetles (Tenebrionidae)

• most species excrete strongly stinking secretions
• distinct phenolic odor
• composition: chinones and phenols

2-methyl & 2-ethyl benzochinone         m-cresol

Yellow mealworm
(Tenebrio molitor)

Confused flour beetle
Tribolium confusum

O
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Chemical defense Coleoptera: Longhorn beetles

Longhorn beetles (Cerambycidae)Longhorn beetles (Cerambycidae)

Musk longhorn (Aromia moschata)
• well visible orifices of thoracal gland 
• irritated excretes intensively smelling secretion
• probably for defense and alarm communication
• isomer mixture of rose-oxide and irodial

iridodial

rose oxid

O

CHO

CHO



Chemical defense Coleoptera: Leaf beetles

Poplar & willow leaf beetles of genus ChrysomelaPoplar & willow leaf beetles of genus Chrysomela

Chrysomela saliceti
• larvae & adults excrete defensive secretions
• both species feed on poplars and willows
• both species sequester glycoside salicine 

and metabolize it to salicyladehyde (active 
compound of defensive secretions)

Chrysomela vigintipunctata

CHO

OH

salicyladehyde



Chemical defense Hymenoptera: Sawflies

Herbal wasps - sawflies (Pergidae family)Herbal wasps - sawflies (Pergidae family)

Australian sawfly Pseudoperga guerini
• mother physically protects young larvae
• irritated older larvae use defensive secretions 
• sequestration of active compounds from food
• defensive secretion – eucalypt oil (terpenes)

cineol                            limonene

O



Chemical defense                                                Amphibians (Amphibia)

Fire Salamander (Salamandra salamandra)Fire Salamander (Salamandra salamandra)

• small, slowly moving and vulnerable vertebrate
• defense: toxins in skin slime = samandarine
• steroid with cytotoxic and antibiotic effects
• is rather disgusting than toxic for predators
• not dangerous for humans

HN O

OH

H

samandarine



Chemical defense Amphibians (Amphibia)

Dart frogs of genera Dendrobates and PhyllobatesDart frogs of genera Dendrobates and Phyllobates

• “Dart frogs” (South and Central America)
• defense: alkaloids in slime skin secretion 
• some of them are the most toxic substance 

known yet
• origin unknown – sequestration ?

pumiliotoxin B (D. pumilio)

N

OH
OH

OH

Dendrobates pumilio



Chemical defense Mammals

Skunks (Mephitidae)Skunks (Mephitidae)

• small or medium carnivores (40-70 cm long) 
• all 14 species of family Mephitidae use chemical defense
• anal glands spraying powerfully stinking oily secretion (2 ppm in air)
• composition: sulphur compounds (thiols, thiolacetates…)
• great defense against another carnivores (volves, foxes, badgers…)
• not so efficient against birds of prey (poor-to-nonexistent sense of smell)

Striped skunk (Mephitis mephitis)

SH

SH

S

O

3-methylbutane-1-thiol

(E)-but-2-ene-1-thiol (70%)

(E)-but-2-enyl thioacetate



LiteratureLiterature

Bert Hölldobler, Edward E. Wilson:
Ants; Berlin, Springer Verlag, 1990.

Ring Cardé and William J. Bell:
Chemical Ecology of Insect I and II; New York, Chapman and Hall 1995. 

Thomas Eisner and Jerrold Meinwald:
Chemical Ecology; Washington, National Academy Press 1995.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


