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9.1 INTRODUCTION 

 Coccinellids are friendly, colourful insects, serving as 
valuable supporters of  biological control of  pests such 
as aphids and scales in important crops. However, they 
have developed a set of  unpleasant and poisonous 
defence chemicals which together with striking col-
ouration constitute an aposematic enemy barrier. The 
unique aposematic chemistry forms a basis for several 
prominent features of  coccinellid population biology 
and behavioural ecology. Furthermore the ecological 
adaptability of  coccinellids and their capacity to sense 
and respond to a broad set of  information carried by 
stimuli from the environment is an important contri-
bution to their ecological success (Hodek  &  Michaud 
 2008 ). Information mediated by semiochemicals con-
tributes not only to different aspects of  food and food 
search but also to social and ecological behavioural 
processes such as competition, reproduction and other 
important traits in behavioural ecology. Recently a 
valuable summary of  coccinellid chemistry has been 
published by Durieux et al.  (2010) . This chapter sum-
marizes semiochemical - supported mechanisms related 
to the main features of  the population biology of  coc-
cinellids, their interaction with foes and friends, forag-
ing and prey discrimination and social interaction.  

9.2 APOSEMATISM AND REFLEX 
BLEEDING CHEMISTRY 

9.2.1 Refl ex bleeding 

 Coccinellids provide a typical case of  aposematism i.e. 
striking colouration and, when provoked, promptly 
release of  repellent and aggressive  defence sub-
stances  (Majerus  1994 ). Adults bleed from the tibio -
 femoral joints and larvae from dorsal glands. The 
amount of  refl ex fl uid  emitted by ladybirds in 
response to an attack can be very high (up to 20% 
of  body fresh weight), and the alkaloid component 
can constitute several per cent of  the weight of  the 
fl uid (Holloway et al.  1991, 1993 ). The exudates are 
yellowish/orange and are mostly toxic to other organ-
isms and sometimes also distasteful with a strong 
fl avour. Several studies have demonstrated the impor-
tance of  these substances as a defence barrier against 
enemies (Marples  1993a , Majerus  &  Majerus  1997 ). 

 The aposematic chemicals play an important and 
complex role in the interaction between coccinellids 

and their enemies and other competitors. This rela-
tionship may involve fi nely tuned interactions as in 
the competition that occurs in the ant – coccinellid 
relationship.  

9.2.2 Refl ex  bleeding substances

   9.2.2.1    Experiments 

 The effi ciency of  the multiple - component defence 
secretion of   C. septempunctata  has been investigated in 
feeding experiments  with Japanese quail,  Coturnix 
japonicus  (Marples et al.  1994 ). Even if  the interaction 
between colour and taste was also important, colour 
pattern was the most signifi cant deterrent for experi-
enced birds. The birds detected the insect ’ s smell but 
rarely used it as a cue to toxicity. No single element was 
suffi cient to maintain avoidance comparable to that 
caused by the whole insect.  

   9.2.2.2    Identifi cation 

 Aposematically active compounds have aroused a con-
siderable amount of  interest and a broad range from 
different coccinellid species have been  chemically 
identifi ed . So far 50 different  alkaloids  have been 
identifi ed from 43 species (Daloze et al.  1994 , Pasteels 
 2007 ). The  chemistry of  the  defensive substances
forms a specifi c framework for the semiochemistry 
of  coccinellids (Schroeder et al.  1998 , Laurent et al. 
 2005 ). Examples of  aposematic substances are shown 
in Fig.  9.1 . Most of  them have negative effects on other 
organisms in that they are repellent and/or toxic. 
However, the insect pathogenic fungus,  Beauveria bas-
siana , seems to overcome or tolerate them.  Beauveria 
bassiana  is a common mortality factor attacking hiber-
nating coccinellids (Roy  &  Cottrell  2008 ; Chapter  8 ).    

   9.2.2.3    Sources 

 The  synthetic pathway  for most of  the  autogenous
aposematic substances follows a common pattern, 
beginning with a hydrocarbon chain to which nitrogen 
from amino acids is added. The  site of  synthesis  of  
coccinelline and adaline has been localized to cells 
in the fat body  (Laurent et al.  2005 ) .  The alkaloid 
content in the refl ex bleeding is similar to that in the 
haemolymph (Holloway et al.  1991 ). Experimental 
results showing the occurrence of   haemocytes  in the 
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chemical ecology of   C. septempunctata  as an enemy 
repellent and a putative aggregation pheromone (Al 
Abassi et al.  1998 ).  

   9.2.2.4    Production  c ost 

 The production of  aposematic compounds means  a
cost for the coccinellid individual . In a trade - off  
study with  Menochilus sexmaculatus , the concentration 
of  alkaloids present in refl ex bleeding exudates in the 
larvae and adult females of  different ages were deter-
mined and the cost of  chemical defence to life - history 
parameters, viz. body weight, fecundity, egg weight, 
hatching success of  eggs and longevity, was measured 
(Agarwala  &  Bhowmik  2007 ). The results showed that 
females which had been provoked to release chemicals 
had shorter longevity and produced smaller eggs by 
weight, and that the hatching success of  their eggs was 
signifi cantly reduced compared to eggs of  unprovoked 

refl ex bleeding fl uid may indicate shared origin of  both 
the bleeding liquid and the haemolymph (Karystinou 
et al.  2004 ). Although most of  the defensive alkaloids 
are synthesized by the coccinellids themselves, several 
cases have been reported where coccinellids  sequester
toxins from  their aphid  prey ; the toxins originate 
from the host plant of  the prey. Thus  C. undecimpunc-
tata  sequester  cardenolides  from  Aphis nerii , which in 
turn gets these by feeding on  Nerium oleander  (Roth-
schild et al.  1973 ).  Pyrrolizidines  are sequestered by 
C. septempunctata  preying on  Aphis jacobaeae  feeding on 
Senecio  (Witte et al.  1990 ). 

 In  C. septempunctata,  the fl uid that is emitted at the 
tibio - femoral joints contains highly toxic alkaloids. 
One of  them,  coccinelline  (Fig.  9.1 ), the N - oxide of  
the free base precoccinelline , has extremely high 
mammalian toxicity (Marples  1993b ). Both com-
pounds are released along with the volatile  pyrazine
(Fig.  9.1 ), which seems to serve a dual role in the 

Figure 9.1     Chemical components in coccinellid aposematism and refl ex bleeding systems.  
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be a mixture of   piperidine ,  homotropane  and  pyr-
rolidine  alkaloids. Whole body extracts of  adult beetles 
contain four major alkaloids, 1 - (6 - methyl - 2,3,4,5 -
 tetrahydro - pyridin - 2 - yl) - propan - 2 - one, 1 - (6 - methyl -
 2 - piperidyl) - propan - 2 - one, 9 - aza - 1 - methyl - bicyclo
[3.3.1]nonan - 3 - one and 1 -  (2 ″  -  hydroxyethyl) - 2 - (12 ′  -
 aminotridecyl) - pyrolidine. Comparisons of  the compo-
sition of  alkaloids in eggs, larvae, pupae and adults 
showed both qualitative and quantitative differences 
between the four life stages, and also varied during the 
adult stage, with optimum content during the oviposi-
tion period. Laboratory predation bioassays showed 
that  adults are better protected  than larvae and 
pupae against wolf  spiders and, in fi eld tests, the adult 
alkaloid extract also was deterrent to ants (Camarano 
et al.  2006 ).  

control females. However, no effect was found on body 
weight, reproductive age and fecundity. Larvae that 
had been provoked developed into smaller females than 
unprovoked larvae. Results of  exudate collection from 
individuals of  different ages suggested that there was 
an age - related variation  in the amount of  defence 
fl uid produced and the concentration of  alkaloids, in 
line with what has been described for  Epilachna paenu-
lata  mentioned above (Camarano et al.  2006 ).  

   9.2.2.5    Age and  s tage  m odifi cations 

 The composition of   toxins  (including autogenous 
aposematic compounds) may vary between develop-
mental stages  in  some  phytophagous species . The 
defensive chemistry of   Epilachna paenulata  was shown to 

Figure 9.2     Semiochemicals related to foraging and food searching behaviour in coccinellids.  
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instar larvae of  another ladybird,  Har. axyridis , for 12 
hours after consumption. A comparison of  the alka-
loids of  fi ve ladybird species that co - occurred in the 
fi eld study found that, in general, the alkaloids were 
suffi ciently distinct to allow species identifi cation of  
ladybirds that had been consumed by predators, 
although there was some overlap between species in 
alkaloid content. With the same analytical method, 
Kajita et al.  (2010)  found intraspecifi c variation of  
alkaloid content in egg clusters of   Har. axyridis  and 
C. septempunctata . The alkaloids affected egg con-
sumption rates of  adults and it was also found that 
C. septempunctata  was more affected by alkaloids than 

   9.2.2.6    Species  s pecifi c  c hemistry 

 Generally the composition of  the refl ex bleeding exu-
dates for most coccinellid species seems to be species -
 specifi c and to contain only one or a few main 
components (review by Laurent et al.  2005 ). Thus it 
has been suggested that these alkaloids could be used 
as a monitoring tool for estimation of  intraguild 
predation  (IGP, Ch.  7 ; Hautier et al.  2008 ). Sloggett 
et al.  (2009)  used a gas chromatography - mass spec-
trometry (GC - MS) based approach for studies of  preda-
tion of   Har. axyridis . The alkaloid hippodamine from a 
single egg of   Hip. convergens  was detected in all 10 third 

Figure 9.3     Examples of  semiochemicals involved in kin recognition and mobility of  coccinellids.  
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 2000 ). The results indicate that ant attendance pro-
longs the survival of  aphid colonies, thus stabilizing 
the food supply for the ladybirds. Aqueous solutions of  
convergine  (from  Hip. convergens ) and  coccinelline
(from C. septempunctata ) have been tested for repellence 
to ants ( Formica rufa ) and quails ( Coturnix coturnix ) 
(Pasteels et al.  1973 ). Repellence to ants was consist-
ent, while responses from individual quails showed 
variation. In a review of  defensive chemistry in insects, 
Laurent et al.  (2005)  stress a wider ecological per-
spective on alkaloids, which are the most frequently 
encountered defensive compounds not only in coc-
cinellids but also in other insects. This is also stressed 
by Majerus et al.  (2007) . Studies of  the ovipositing 
behaviour of   A. bipunctata  showed that the presence of  
L. niger  reduced (via semiochemicals) the number of  
eggs laid (Oliver et al.  2008 ). It was also found that the 
survival of  eggs was reduced due to ants attacking but 
not consuming the coccinellid eggs. 

 Few cases of  myrmecophily are known in coccinel-
lids ( 8.2.4 ). However, Vantaux et al.  (2010)  showed 
that larvae of  the coccinellid  Diomus thoracicus  live 
safely inside the nests of  the ant  Wasmannia auropunc-
tata  and prey exclusively on the ant larvae. In contrast 
adults are always attacked. The tolerance of  ants to the 
larvae in the ant nest is based on chemical mimicry of  
the ant cuticular chemistry.  

   9.2.3.3    Spiders 

 Coccinellids fall prey to spiders especially during the 
autumn migration to the hibernating sites. In feeding 
experiments, the European orb - web spider,  Araneus dia-
dematus , was offered  C. septempunctata  and  Har. axyridis
as prey (Sloggett  2010 ). Spiders were not deterred by 
the coccinellid alkaloids and no signifi cant effect on 
spider development was observed. Several investiga-
tions on selectivity of  spider foraging showed, with 
variable results (Nentwig  1983, 1986 ), that predator –
 prey combinations are important.    

9.3 SEMIOCHEMICALS RELATED 
TO FOOD 

9.3.1 Plant volatiles

   9.3.1.1    Herbivore -  i nduced  p lant  v olatiles 

 Informative volatile cues from herbivores and/or 
herbivore - infested plants shorten the searching time 
for the predator and increase foraging effi ciency. There 

Har. axyridis . It was shown that this difference could be 
attributed to differences in alkaloid metabolism by the 
two species.   

9.2.3 Relation to enemies and competitors

   9.2.3.1    Parasitoids 

 The parasitoid,  Dinocampus coccinellae  (Ch.  8.3 ) 
causes mortality in adult  C. septempunctata  (9 – 72% in 
East Anglia) (Barron  &  Wilson  1998 ). The oviposition 
process is very rapid and seems to be initiated by a 
specifi c set of  stimuli (Richerson  &  DeLoach  1972 ). 
Orr et al.  (1992)  compared the attack patterns and 
specifi city of   D. coccinellae  with respect to four coccinel-
lid species and concluded that orientation towards 
the host preceding fi nal attack is an important step. 
It is suggested that volatile semiochemicals play a key 
role in this location of  adult   C. septempunctata  by a 
D. coccinellae  female. In laboratory experiments, it was 
demonstrated that the free base  precoccinelline  is 
attractive to the parasitoid and is highly active at the 
electrophysiological level (Al Abassi et al.  2001 ). Other 
naturally occurring ladybird alkaloids with similar 
structures e.g.  myrrhine  from the 18 - spot ladybird, 
Myrrha octodecimguttata , and  hippodamine  from the 
convergent ladybird,  Hip. convergens , showed signifi -
cant biological activity on the parasitoid ’ s behaviour. 
However, it remains to be seen to what extent other 
stimuli such as visual cues contribute to orientation of  
the wasp towards its host for the fi nal attack and under 
natural conditions.  

   9.2.3.2    Ants 

 Ants compete with coccinellids for the  exploitation 
of  aphids  and aphid products (honeydew) as food 
sources ( 5.4.1.6  and  8.2.4 ). Based on studies of  apose-
matism and the interaction between  Lasius niger  and  C.
septempunctata , it has been suggested that alkaloids 
may also protect the ladybird from ant attack and thus 
increase its chances of  consuming aphid prey (Marples 
 1993b ). This form of  protection seems to be better 
developed for  C. septempunctata  than for  A. bipunctata , 
and is in agreement with the observation that  C. sep-
tempunctata  appears to use the trail pheromones of  
Formica polyctena  in foraging (Bhatkar  1982 ). The spe-
cifi c relationship between ants and  C. septempunctata , 
compared to that between ants and  Har. quadripunctata , 
has also been observed for ant - attended aphid colonies 
on Scots pine,  Pinus sylvestris  (Sloggett  &  Majerus 
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C. septempunctata  adults demonstrated attraction to 
(Z ) - jasmone. When applied in the vapour phase to 
intact bean plants, ( Z ) - jasmone induced the produc-
tion of  volatile compounds, including the monoter-
pene ( E ) - ocimene, an attractant to the aphid parasitoid 
Aphidius ervi  (Birkett et al.  2000 , Bruce et al.  2008 ). 
Possibly, this is support for a general mechanism 
whereby predators and parasitoids of  herbivores can 
trace plants under stress.  

   9.3.1.2    Adult  r eceptors for  f ood 
 s emiochemicals 

 Experiments with adult  Hip. convergens  indicate that 
receptor centres for food -  related volatiles are located on 
the antennal tips  (Hamilton et al.  1999 ). Responses of  
beetles whose antennae, maxillary palps or antennal 
tips had been amputated were compared in olfactome-
ter experiments with non - injured beetles. Only beetles 
with their antennae or antennal tips intact responded 
positively both to the odour of  radish leaves infested 
with peach – potato aphids,  Myzus persicae , and to clean 
radish leaves. Scanning electron microscope studies of  
the distribution of  different receptor types suggested 
that the primary function is executed by  trichoid sen-
silla  located  on the terminal antennal segment . 
The synergistic effects of  plant and prey volatiles have 
so far only been given moderate attention.  

   9.3.1.3    Responses of   l arvae 

 Most experiments on semiochemicals and food fi nding 
by coccinellids have been made with adults, but several 
reports also include the behaviour of  larval stages. A 
common technique for laboratory studies of  adult 
responses to semiochemicals is olfactometry, whilst 
experiments with  larvae  are usually based on record-
ing arresting responses  induced by volatiles in an 
arena. The searching behaviour of   Hip. convergens
larvae was studied as affected by volatile chemicals 
from tobacco aphids,  Myzus persicae nicotianae  (Jamal 
et al.  2001 ). Larvae (second, third and fourth instars) 
were exposed to three volatile sources: aphids alone, 
aphids on tobacco leaves and tobacco leaves previously 
exposed to aphids. The search path of  larvae was 
traced in an arena and the different angles and veloci-
ties of  movement were recorded. In general, older 
larvae were more effi cient at searching than younger 
ones. In most cases signifi cant effects attributable to 
olfactory cues were obtained. The results support the 

is experimental evidence for behavioural effects also of  
volatiles from plants on coccinellid food search having 
a short active range (Pasteels  2007 ) and they may be 
seen as part of  the fi nal step in foraging behaviour 
( 9.3.4  and  5.4.1 ). 

 Semiochemicals indicating the presence of  food can 
be produced directly by the prey/food and produced 
as plant responses to herbivore attack. Most coccinel-
lids prey on a broad range of  herbivores, and semio-
chemicals carrying information on  plant status,  i.e. 
whether attacked or unattacked , can be expected to 
be one of  the leads in dispersal and foraging. The eco-
logical importance of  this kind of  information has been 
well documented in mite predator – prey systems on lima 
bean where it was shown that predatory mites intensi-
fi ed their searching behaviour in contact with lima 
bean plants that had been attacked by mites (Dicke et al. 
 1998 ; Dicke  2000 ). Similar preferential responses have 
been shown in olfactometer experiments with  C. sep-
tempunctata  exposed to barley plants previously attacked 
by aphids,  Rhopalosiphum padi  (Ninkovic et al.  2001 ). 
Tea shoots attacked by aphids or mechanically damaged 
were shown to be more attractive to natural enemies 
and this was interpreted as a combined response to 
volatiles produced by plants  (synomones) and by 
herbivores (kairomones) from the tea aphids ( Toxoptera 
aurantii ; Han  &  Chen  2002, 2005 ). 

 A  common volatile  released  from herbivore -
 stressed plants  is  methyl salicylate  (Walling  2000 ). 
However, Bi et al.  (2007)  showed that allelopathic 
responses in rice also included the production of  
methyl salicylate. Several investigations have shown 
that methyl salicylate is a messenger substance for coc-
cinellids, releasing an arresting behaviour . Both in 
fi eld and laboratory experiments, James and colleagues 
(James  &  Price  2004 , James  2005 ) recorded such an 
arresting response in adult  C. septempunctata . Similar 
results have been reported for other coccinellids 
(Zhu  &  Park  2005 ). Using sticky traps baited with 
herbivore - induced volatiles, James and colleagues 
(James  &  Price  2004 , James  2005 ) showed that  Stetho-
rus punctum picipes  was signifi cantly attracted to sticky 
traps baited with a more complex mixture of  volatiles, 
namely methyl salicylate,  cis - 3 - hexen - 1 - ol  and 
benzaldehyde . 

 So far only a few active substances have been identi-
fi ed that are exclusively linked to plant responses to 
herbivory.  cis - jasmone  (( Z ) - jasmone) is a common 
plant volatile involved in a switch - on mechanism for 
defence  metabolism  in plants . In wind tunnel tests 
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rigid positive response by ladybirds to EBF may cause 
them to stay longer in environments that are less 
favourable through being devoid of  prey. Experiments 
have shown that the response of   C. septempunctata  to 
EBF is modifi ed by another common plant substance, 
( - ) -β  - caryophyllene  (Al Abassi et al.  2000 ). As long 
as the amount of  EBF does not exceed a specifi c 
ratio that is maintained between it and the caryophyl-
lene, no behavioural response of  the coccinellids is 
elicited. Such is the case when a walking ladybird 
passes an undisturbed aphid colony on a plant that 
naturally manufactures EBF. However, if  one of  the 
aphid individuals in the colony responds to the 
threat of  a predator and releases alarm pheromone, 
the proportion of  EBF exceeds the critical ratio 
between the two active substances and the behaviour 
of  the ladybird becomes aggressive. How far this 
mechanism also operates for other coccinellids is still 
unknown. 

 ( - ) -  β  - caryophyllene on its own elicited a positive 
aggregation response  of  adults of   Har. axyridis  in 
laboratory experiments by Verheggen et al.  (2007) , 
indicating that a certain semiochemical may have 
multiple roles depending on conditions and species 
involved.  

   9.3.2.3     EBF  release:  a phid  i ndividual  r isks 

 The release of  alarm pheromone by an attacked aphid 
makes this individual more easily detectable. Thus the 
question has been raised as to whether it is a risk for 
aphids to reveal their presence by producing EBF. This 
topic has been studied for the  Har. axyridis – Acyrthosiphon 
pisum  relationship. However, the results did not show 
that this apparent  altruistic behaviour  would be 
costly for the individuals releasing the alarm pherom-
one. Its release did not have any negative effect for the 
producer (Mondor  &  Roitberg  2000 ). 

Myzus persicae  habituated to EBF had an increased 
reproduction rate compared to EBF sensitive aphids. 
However, predation by  Hip. convergens  signifi cantly 
reduced the habituated aphid population and out-
weighed the initial increase in reproduction (de Vos 
et al.  2010 ).   

9.3.3 Toxic substances in prey

 The cabbage aphid,  Brevicoryne brassicae,  accumu-
lates  glucosinolates  such as  sinigrin,  from its host 

potential of  olfactory cues to modify the behaviour of  
coccinellid larvae and call for more research on the 
semiochemicals involved.  

   9.3.1.4    Prey  s ex  p heromones: 
 p redator  k airomones 

Rhyzobius  spp. larvae responded to  sex pheromones
of  pine bast scales  Matsucoccus . The response of  coc-
cinellid larvae was tested in fi eld trials using pine tree 
arenas baited with the sex pheromones of   M. josephi , 
M. feytaudi  and  M. matsumurae . Both fi eld and labora-
tory tests demonstrated a signifi cant positive response 
to the sex pheromones of   M. feytaudi  and  M. matsumu-
rae  (Branco et al.  2006 ). 

 It has been suggested that the foraging activity of  
coccinellids feeding/searching in aphid colonies also 
promotes formation of  alate aphids (Dixon  &  Agarwala 
 1999 ). However, it is still open as to whether this is only 
due to disturbance of  aphid feeding, or whether repel-
lence of  the volatile semiochemistry of  the aggressive 
coccinellid also contributes to increasing the mobility 
of  aphids that would promote alate offspring.   

9.3.2 Prey alarm pheromones

   9.3.2.1    Aphid  a larm  p heromone 

 When attacked by predators many aphids release a 
secretion from the cornicles  that contains an alarm 
pheromone. Aphids that are nearby respond to the 
pheromone by pulling out their mouthparts and falling 
from the plant to escape (Nault et al.  1973 ). Similar 
observations on the behaviour of  treehoppers (Mem-
bracidae) attacked by coccinellids have been reported 
(Nault et al.  1974 ). Since the main component of  the 
aphid alarm pheromone, the sesquiterpene hydrocar-
bon (E) -β  - farnesene  (EBF), was identifi ed (Nault et al. 
 1973 ) it has been given considerable attention both as 
an aphid repellent and as a  coccinellid attractant . 
Experimental studies have shown that adult  C. septem-
punctata  and larvae of   A. bipunctata  are arrested/
attracted by EBF and the odour of  crushed aphids 
(Nakamuta  1991 , Hemptinne et al.  2001b , Hatano 
et al.  2008 ).  

   9.3.2.2    Mechanism for  m odifi ed  r esponses 

 EBF is also a common substance in nature, occurring 
in several plants. This represents a problem, since a 
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9.3.4 Feeding stimulants for phytophagous
coccinellids

 Feeding experiments with  Epilachna admirabilis , which 
mainly feeds on plants of  the genus  Trichosanthes
(Cucurbitaceae), showed that the  cucurbitacins , 
especially cucurbitacin E - glucoside, strongly stimu-
lated both adults and larvae to feed (Abe  &  Matsuda 
 2000 ). In further studies of   phagostimulants  for 
Henospilachna vigintioctomaculata  with potato  Solanum
tuberosum , an interesting synergism between differ-
ent components from the host plant was shown. The 
feeding stimulants were isolated and identifi ed as 
methyl linolenate  from a lipid - soluble fraction, and 
glucose and fructose from an aqueous fraction. 
Although methyl linolenate alone was inactive, it acted 
positively synergistically with sugars. Methyl lino-
lenate maximized the feeding activity on sugars at the 
concentration occurring in potato leaves. It is sug-
gested that methyl linolenate plays an important role 
in host selection by  H. vigintioctomaculata  (Endo et al. 
 2004 ). The results indicate that host plant discrimina-
tion and feeding site acceptance have a semiochemi-
cally complex structure where a mix of  specifi c and 
trivial plant compounds contribute to a complete 
message/cue.  

9.3.5 Learning

 Ladybirds use different sets of  stimuli for food localiza-
tion, and it has been suggested that  associative 
learning  may play an important role in increasing 
effi ciency (Vet  &  Dicke  1992 ). However, conclusive 
experimental support for this hypothesis is as yet 
limited. Learned responses in terms of  selectivity for 
prey were recorded in  A. decempunctata  in predation on 
Hyalopterus pruni  (Dixon  1959 ). After previous feeding 
on H. pruni ,  A. decempunctata  rejected this aphid when 
it was touched with the palps. 

Adaptive changes in prey handling  behaviour 
have been observed in the coccinellid  Anisolemnia tet-
rasticta  feeding on a plataspid heteropteran,  Caternault-
iella rugosa . It was found that the effi ciency of  attack 
behaviour improved with increasing experience of  the 
prey (Dejean et al.  2003 ). 

 Ferrer et al.  (2008)  studied effects on fi tness of  adap-
tive food preferences (learning) in an experiment with 
A. bipunctata  testing the effects on food preferences of  
feeding larvae on different food sources. One group of  

plants (brassicas) and has an enzyme system, myrosi-
nase ( β  - thioglucoside glucohydrolase), that breaks 
them down to behaviourally active compounds such 
as isothiocyanates  (Kazana et al.  2007 ). When 
uptake of  sinigrin from an artifi cial diet was studied, 
it was found that there was a signifi cant  differ-
ence between winged and wingless  aphid morphs 
with regards to sequestration. Winged aphids excreted 
signifi cantly higher amounts of  glucosinolate in 
the honeydew than wingless aphids and the higher 
level of  sinigrin in wingless aphids had a signifi -
cantly stronger negative impact on survival of  a 
ladybird predator. Larvae of   A. bipunctata  were 
unable to survive when fed on apterous aphids from a 
diet with 1% sinigrin. However, the larvae survived 
successfully when fed on winged aphids from the 
same diet. 

 Different coccinellid species may handle plant sec-
ondary metabolites in prey differently. In experiments 
with sinigrin,  B. brassicae  and larval stages of   A. bipunc-
tata  and  C. septempunctata , it was found that the fi rst 
instar of   A. bipunctata  was unable to survive when fed 
with B. brassicae  reared on  Brassica nigra  or artifi cial 
diets containing 0.2% sinigrin . By contrast, fi rst 
instars of   C. septempunctata  were able to survive when 
fed with aphids reared on  B. nigra  or artifi cial diets 
containing up to 1% sinigrin, although the presence of  
sinigrin in the aphid diet reduced nymphal growth and 
increased the time the larvae took to reach second 
instar (Pratt et al.  2008 ). 

 Similar results were obtained in a series of  experi-
ments with A. bipunctata  in which the effect of  different 
aphid food plants was compared with special reference 
to glucosinolates (GLS)  (Francis et al.  2001 ). The 
polyphagous aphid  M. persicae  was fed on broad bean 
(Vicia faba ; GLS free), oilseed rape ( Brassica napus  subsp. 
oleifera ; low GLS level) and white mustard ( Sinapis alba ; 
high GLS level). Both rape and mustard shortened the 
developmental time and increased the adult weight of  
A. bipunctata . No signifi cant differences in mortality 
were observed, but rape - fed  M. persicae  caused higher 
egg production and larval emergence in the ladybird, 
while mustard - fed  M. persicae  caused lower fecundity 
and egg viability. A possible explanation for the differ-
ences in the effects on the coccinellids between the 
experiments with  B. brassicae  (Kazana et al.  2007 ) 
and M. persicae  (Francis et al.  2001 ) may be that 
GLS metabolism differs between the polyphagous 
M. persicae  and the cabbage feeder  B. brassicae . (See 
also  5.2.6 .)  
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However, experimental results indicate the involve-
ment of  a  sex pheromone  in the reproductive 
behaviour of   A. bipunctata  (Hemptinne et al.  1996 ). 
A putative  aggregation pheromone  identifi ed in 
C. septempunctata  (Al Abassi et al.  1998 ) also seems to 
be used by  A. bipunctata  (Hemptinne  &  Dixon  2000 ). 
Possibly the mating cue is separate from the set of  vola-
tiles involved in species discrimination where the 
pattern of  aposematic substances may play a role 
( 9.5.1 ). 

9.4.1 Chemoreceptors on the antennae

 Studies on  Cer. undecimnotata  showed a  difference
in terms of  the presence of  antennal receptors 
between males and females  (Jourdan et al.  1995 ). 
Of  12 different types of  antennal sensilla, two  cheati-
form sensilla  on the male antenna are missing in 
the female antenna and one type is specifi c for the 
female antenna. Different responses to food and 
the opposite sex were shown by adult males and 
females of   A. bipunctata  (Hemptinne et al.  1996 ). While 
females mainly respond to prey density (aphids), the 
males primarily respond to females and mating 
opportunities. The suggested explanation for this dif-
ference in searching behaviour is that a  sexual differ-
ence in receptor presence  can be a complement 
to odour discrimination at the receptor level of  the 
two sexes. 

 A signifi cant  sexual difference in electro -
 antennogram (EAG) responses  of  male and female 
antennae was shown by Baker et al.  (2003) . The  male
antennae  of   Col. maculata  responded to females but 
not to males, indicating that chemicals from females 
are involved in sexual communication. Hexane extracts 
from conspecifi c females but not those from males 
produced signifi cant electrophysiological responses 
(EAG) from male antennae. The only identifi ed chemi-
cal that corresponded to this pattern was  1 - octen - 
3 - ol . A signifi cant EAG response was also recorded to 
the extracts of  fl uids produced during  ‘ refl ex bleeding ’  
and it may be hypothesized that these substances are 
part of  a complex blend constituting the sex pherom-
one. Female  Col. maculata  antennae exhibited high 
thresholds in response to several compounds including 
α  - terpineol , (Z) - 3 -  hexenol  and (4aS,7S,7aR) -  nep-
etalactone . Field traps baited with  2 - phenylethanol
and α  - terpineol were highly attractive to adult  Col.
maculata .  

larvae were fed throughout their development on pea 
aphids,  A. pisum , which is a high quality prey. The 
other group was fed on cowpea aphids ( Aphis cracciv-
ora ), considered a suboptimal prey on the basis that 
adults developing from larvae fed on this aphid were 
lighter and had fewer ovarioles and a lower overall 
fi tness than individuals reared on pea aphid. When 
offered a choice, na ï ve fi rst instar larvae of   A. bipunc-
tata  from the cowpea aphid group more frequently 
attacked cowpea than pea aphids. However, older 
larvae did not show this preference and attacked the 
two species of  prey irrespective of  the aphids that were 
previously fed. This is different from what has been 
shown for parasitoids (van Emden et al.  2008 ) where 
the selectivity  for prey  can develop late  during the 
larval – pupation phase and even not till emergence 
from the aphid mummy. 

 In laboratory experiments with fourth instar larvae 
of   Col. maculata  ssp.  lengi  Boivin et al.  (2010)  tested 
how previous experience affected prey rejection behav-
iour. It was found that the initial contact and prey 
discrimination was affected by previous experience 
but prey representing good food quality were always 
fi nally accepted. After 48 hours the learned behaviour 
appeared to be partially forgotten. 

 Finding food sources can be seen as a  two - step pro-
cedure  in which an initial patch or site preference 
phase is followed by a close range search process where 
several semiochemicals directly related to the food 
source change coccinellid behaviour from dispersal to 
feeding/attacking behaviour. This feeding response 
can be modifi ed in an associative learning process by 
the presence of  unique semiochemicals or specifi c 
ratios between trivial chemicals indicating presence of  
food sources. Olfactorily mediated associative learning 
has been demonstrated in experiments with adults of  
C. septempunctata  and four cultivars of  barley (Glin-
wood et al.  2011 ).  Coccinella septempunctata  did not 
prefer the odour of  one aphid - infested barley cultivar 
over another. However, after feeding on aphids for 24 
hours on a cultivar, adults preferred the odour of  that 
particular cultivar in olfactometer experiments. After 
feeding experience on a different aphid infested cultivar 
this preference disappeared.   

9.4 MATING AND SEX PHEROMONES 

 Knowledge about sex pheromones and other semio-
chemicals promoting coccinellid mating is still limited. 
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9.5 OVIPOSITION 

9.5.1 Oviposition deterrence: oviposition
deterrence pheromones

 Aphids constitute an unstable food supply and  can-
nibalism  on immobile/less mobile stages (eggs and 
young larvae) is a common trait in coccinellid biology. 
Unravelling the mechanistic regulation of  this canni-
balism via semiochemicals is an exciting ecological 
challenge as it deals with a complex contribution to the 
decisive importance of  cannibalism for ecological 
fi tness. (See also  5.4.1.3 .) 

 An important requirement for the ovipositing female 
is to identify a site free from competitors and potential 
predators on her offspring. Hemptinne et al.  (1993)  
suggested that contacts with coccinellid larvae by the 
female act as an oviposition inhibiting cue. In later 
work by Ruzicka  (1994, 1997) , the general mecha-
nism of  an oviposition deterrence pheromone (ODP) 
was described and defi ned in  C. septempunctata.  He 
demonstrated that gravid females utilized semiochemi-
cals in larval tracks to avoid oviposition  on the 
sites where conspecifi c larvae had already walked. 
ODPs have been shown to occur among coccinellids 
and are primarily a means for an ovipositing female to 
avoid sites where her offspring may later be exposed to 
predation by offspring from other females which had 
used the same site.  

9.5.2 Species-specifi city of  oviposition
deterrence pheromone substances

 Species - specifi city is illustrated by the fact that female 
A. bipunctata  do not avoid tracks deposited by larvae 
of  two other species,  A. decempunctata  and  C. septem-
punctata  (Hemptinne  &  Dixon  2000 ). The results of  
a study, in which the antennae and maxillary palps 
were amputated, indicate that females exclusively 
use contact chemoreceptors on their maxillary palps 
to detect oviposition - deterring tracks of  conspecifi c 
larvae (Ruzicka  2003 ). Females of   Cer. undecimnotata
laid signifi cantly smaller egg batches on paper strips 
with conspecifi c tracks than on clean paper strips. 
However, females of   Cycloneda limbifer  laid signifi cantly 
larger batches of  eggs on paper strips with  conspecifi c 
larval tracks  than on clean paper strips. This is the 
fi rst evidence of  an opposite effect in different species 
of  conspecifi c oviposition - deterring larval tracks on 

9.4.2 Hydrocarbons on elytra

 Bioassays indicated that the  female elytra  of   A.
bipunctata  could be the source of  the active semiochem-
icals (Hemptinne et al.  1996 ; Burns et al.  1998 ). The 
mating behaviour of   A. bipunctata  proceeds in steps: a 
male fi rst palpates the female elytra with his maxillary 
palps, then mounts her and mates.  Elytra washed  in 
chloroform  failed to stimulate mating . Analysis of  
the chloroform extracts of  the elytra revealed that male 
and female ladybirds are coated with the same blend 
of  hydrocarbons among which 9 -  and 7 -  methyl tri-
cosane  are dominant. It was suggested that visual 
stimuli, in particular movement, are necessary for a 
male to discriminate males from females while so far 
unidentifi ed olfactory cues are important for species 
recognition. It may be hypothesized that again the set 
of  species - specifi c aposematic compounds mentioned 
above play an active role.  

9.4.3 Ultrastructure of the 
integumentary glands

 Studies of  adult  Cer. undecimnotata  showed that glands 
with and without secretory ducts  are distributed 
over the head, thorax and abdomen. Glands without 
ducts are thought to release volatile pheromones . 
Such glands consist of  a single cell and a secretory 
apparatus located within the thickness of  the cuticle 
and equipped with a cuticular cribriform plate . This 
cribriform plate separates two superimposed cavities, 
and epicuticular fi laments fi ll the lower cavity. The 
secretory products from glands with a duct are abun-
dant and released on the surface of  the cuticle in the 
shape of  twisted cylinders, which are resistant to 
acetone treatment. However, their role in modifying 
behaviour is not yet known (Barbier et al.  1992 ). 

 To conclude, there is considerable evidence that sex 
attractants support mating of  coccinellids. Although 
some active substances that may be components in a 
complex pheromone blend have been identifi ed, con-
clusive information on the composition and role of  the 
pheromones is still lacking. Behavioural experiments 
show that males and females can respond differently to 
mating partners. Sexual differences in the occurrence 
of  olfactory receptors and behavioural responses 
to mating - related semiochemicals in behavioural 
responses to semiochemicals may explain the differ-
ence in behaviour between females and males.   
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oviposition deterrence and intraguild prey avoidance. 
Alkanes  with chemical and structural similarity have 
been identifi ed in each case, indicating that ladybirds 
exploit their natural product chemistry with parsimo-
nious versatility (Hemptinne  &  Dixon  2000 ), similar to 
that described above for  pyrazine  (Al Abassi et al. 
 1998 ). Intraguild interactions between  Har. axyridis
and P. japonica  are mediated by odour substances from 
the faeces  (Agarwala et al.  2003 ). This mechanism is 
an interspecifi c complement to the intraspecifi c com-
munication and reduces competition between these 
two coccinellid species. 

 Bioassays with larvae of   A. bipunctata  have shown 
that the anal disc of  the 10th abdominal segment 
deposits ODP substances onto the substrate leaving 
tracks of  these semiochemicals (Laubertie et al.  2006 ). 
The chemical composition  of  the larval tracks of   A.
bipunctata  has been investigated (Hemptinne et al. 
 2001b ) and found to be a complex mixture of  around 
40 chemically distinguishable alkanes. N - pentacosane 
is a major component (15.1%). The alkanes are likely 
to spread easily on the hydrophobic cuticle of  plants 
and so leave a large signal. They are not quickly oxi-
dized and can be long lasting. Observation showed that 
10 day old larval tracks still signifi cantly deterred ovi-
position. Klewer et al.  (2007)  identifi ed  (Z) - pentacos -
 12 - ene  as a key compound in the larval tracks of  
Menochilus sexmaculatus  and  proved  its  oviposition 
deterring effects in bioassays . Other compounds 
found in the tracks were tested in bioassays for oviposi-
tion deterrence but were not found to have a signifi cant 
behavioural effect.  

9.5.4 Relation to other aphid enemies

 Elegant studies have shown that, to avoid  intraguild 
predation  (IGP; 7.8), females of  the aphid parasitoid 
Aphidius ervi  detect semiochemicals in fresh  adult
and larval footprints  of   C. septempunctata , thereby 
avoiding aphid colonies under attack from ladybirds 
(Nakashima et al.  2004 , Nakashima  &  Akashi  2005 ). 
The response of  three aphid parasitoid species,  Aphidius
eadyi, A. ervi  and  Praon volucre  to footprint semiochemi-
cals from adult C. septempunctata  and  A. bipunctata  was 
investigated by Nakashima et al.  (2006) . Females of  all 
three parasitoid species avoided leaves previously 
visited by  C. septempunctata  or  A. bipunctata  adults. 
Praon volucre  avoided trails of  both ladybird species to 
a similar degree but the avoidance of  the  Aphidius

egg clustering in aphidophagous coccinellids (Ruzicka 
 2003 ). The ecological background to these different 
behavioural responses is still an open question. 

 It has been suggested that  egg - surface  chemicals 
act as semiochemicals for the avoidance of  intraguild 
(egg) predation between  C. septempunctata  and  A.
bipunctata  (Hemptinne et al.  2001a ). Behavioural 
experiments showing an interspecifi c relationship 
between  Har. axyridis  and  Calvia quatuordecimguttata
based on ODP are reported (Ware et al.  2008 ). The 
experiments are based on previous observations 
showing that eggs of   C. quatuordecimguttata  escape 
attack by  Har. axyridis . The relationship between the 
deterring effects on  Har. axyridis  is discussed in relation 
to the palatability of  the eggs as food and whether or 
not the semiochemicals located on the egg surface are 
really honest signals conveying information to the 
attacker. 

 The  persistence  of  oviposition - deterring effects is 
variable and limited in time as shown in a series of  
experiments with different coccinellid species by 
Ruzicka  (2001, 2002, 2006) . Although the response 
to 10 day old conspecifi c larval tracks remained signifi -
cant (see also Hemptinne et al.  2001a ) it was consider-
ably lower than the response to fresh tracks. In choice 
tests with fresh tracks of  conspecifi cs,  Cycloneda limb-
ifer, Cer. undecimnotata  and  Har. dimidiata  larvae, and 10 
day old tracks of  conspecifi c larvae, clutch sizes were 
smaller in the blank test without larval tracks than in 
tests with fresh tracks. Similarly, semiochemicals in 
the tracks of  conspecifi c and heterospecifi c coccinellid 
larvae can contribute considerably to the spacing 
of   Menochilus sexmaculatus  offspring among prey of  
differing quality and that conspecifi c as well as heter-
ospecifi c larval tracks can infl uence the  distribution 
of  larvae. The persistence of  intra -  and interspe-
cifi c  effects on the response of   M. sexmaculatus  to 
larval tracks has also been investigated. Fresh tracks 
of   M. sexmaculatus ,  Cycloneda limbifer  and  Cer .  undecim-
notata  larvae effectively deterred  M. sexmaculatus
females from ovipositing; larval tracks from two other 
ladybird species have also been shown to deter oviposi-
tion by females of   M. sexmaculatus .  

9.5.3 Active substances in oviposition
deterrence pheromone tracks

 The chemical nature of   A. bipunctata  semiochemicals 
has been investigated in relation to reproduction, 
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( 9.3.3 ) further messenger substances expressing aphid 
density, either from the aphids themselves or from the 
attacked plants, seem to be of  importance in coccinellid 
feeding behaviour.   

9.6 EGG AND PUPA PROTECTION 

9.6.1 Protection of eggs

 Cannibalism and interspecifi c predation are common 
coccinellid traits that are discussed in  5.2.7  and  5.2.8 . 
The importance of  eggs as a fi rst food source for 
neonate larvae has been observed and discussed by 
several authors (Gagn é  et al.  2002 ; Santi et al.  2003 ; 
Michaud  &  Grant  2004 ; Michaud  &  Jyoti  2008 ). The 
level and ecological signifi cance of  cannibalism vary 
between species, but it seems common that  conspe-
cifi c eggs are  identifi ed and  preferred  to those of  
other coccinellid species and even to some preferred 
foods such as aphids. 

 The aposematic substances of  coccinellids ( 9.2 ) 
show a species - specifi c pattern and so constitute a basis 
for discrimination between the eggs of  different species. 
Thus Sloggett et al.  (2009) , in an elegant study, dem-
onstrated the possibilities of  gas chromatography –
 mass spectrometry (GC – MS) analysis of   prey alkaloids
to trace IGP in coccinellids. The amount of  the alkaloid 
hippodamine in a single egg of   Hip. convergens  was 
enough for detection with this method in third instar 
larvae of   Har. axyridis  after 12 hours (and occasionally 
even after 36 hours) after consumption. Using an 
internal standard enabled this method to be used to 
make estimates of  the number of  eggs consumed.  

9.6.2 Protection of pupae

 Generally the pupal stage of  holometabolous insects is 
a vulnerable phase in development, and  chemical
defence  of  coccinellid pupae has been reported. 
The pupal surface of   Subcoccinella vigintiquatuorpunc-
tata  bears glandular hairs that produce a secretion 
consisting principally of  three  polyazamacrolide 
alkaloids  that serve as a potent anti - predator de -
fence; contact with it elicited pronounced cleaning 
activity by the predatory ant  Crematogaster lineolata . 
Application of  the secretion to palatable food items 
rendered them unacceptable to the ant (Smedley et al. 
 2002 ).   

species was stronger to trails of   C. septempunctata  than 
to those of   A. bipunctata.  The footprint semiochemicals 
were identifi ed and quantifi ed.  n - pentacosane  and 
n - heptacosane  occurred in signifi cantly greater 
amounts in C. septempunctata  trails than in those of   A.
bipunctata  and the trails of  the two species differed 
qualitatively in the other hydrocarbons present. The 
response of  the three aphid parasitoids females was 
tested to three footprint semiochemicals  occur-
ring in both coccinellid species, n - tricosane (C 23 H 48 ), 
n - pentacosane (C 25 H 52 ), and n - heptacosane (C 27 H 56 ). 
It was found that  A. eadyi  was more sensitive to 
n - tricosane  than the other two species, only  Praon 
volucre  showed avoidance responses to n - heptacosane. 
All three species responded to n - pentacosane. 

 A similar mechanism has been described for the rela-
tionship between the aphid parasitoid,  Aphidius colem-
ani  and  C. septempunctata ,  Har. axyridis  and  P. japonica , 
where the number of  eggs deposited in aphid colonies 
with coccinellid larvae was reduced in the presence of  
semiochemicals from the larval tracks  of   C. septem-
punctata  (Takizawa et al.  2000 ). An important member 
of  the aphidophagous guild  Chrysopa oculata  utilizes 
the footprint semiochemicals for intraspecifi c oviposi-
tion deterrence; these semiochemicals also have a 
similar role in C. septempunctata  (Ruzicka  1997 ). 

 The examples given indicate that semiochemicals 
play a signifi cant role in intraguild interactions 
between  C. septempunctata  and other aphid natural 
enemies ( 7.8 ).  

9.5.5 Aphid abundance

 So far most of  the positive oviposition semiochemical 
mechanisms demonstrated for coccinellids in experi-
ments are related to different aspects of  food resources, 
and it has been shown experimentally that oviposition 
activity is positively affected by  aphid density itself
(Elliot  2000 ; Frechette et al.  2004 ). Investigations on 
the changes in volatiles that occur in aphid - attacked 
plants have shown that levels of   common plant vola-
tiles  are elevated as discussed in the previous section. 
An interesting investigation by Oliver et al.  (2006)  
shows that the trade - off  between the repellence of  
larval tracks and increased quality of  a certain oviposi-
tion site in favour of  acceptance is positively related to 
aphid density, i.e. higher aphid density reduces the 
repellent effect of  the larval tracks. Although three 
volatiles related to aphid density have been identifi ed 
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coccinellid from extensive foraging and dispersal to 
patch identifi cation with intensifi ed food - searching 
behaviour, and here a range of  semiochemicals play an 
active role (Pettersson et al.  2008 ). The ecological 
importance of  species - specifi c differences in the 
balance between the two types of  behaviour is illus-
trated by a study comparing the searching behaviour 
effi ciency of   Har. axyridis  and  Col. maculata  in  frag-
mented versus clumped landscapes  with clover 
patches infested with the pea aphid,  Acyrthosiphon 
pisum  (With et al.  2002 ). The two coccinellids did not 
differ in their search success within fragmented land-
scapes. It was only in clumped landscapes that  Har. 
axyridis  maximized search success and foraged within 
clover patches that had 2.5 – 3 times more aphids than 
those in which  Col. maculata  occurred.  Harmonia 
axyridis  was more effi cient in fi nding aphid - infested 
clover cells, while  Col. maculata  made more effi cient use 
of  the aphids in such infested clover cells. A key factor 
for the difference between the two species seemed to be 
their difference in mobility and, therefore, different 
dependence on cues in the switch from dispersal to 
searching mode.  

9.8.2 Plant stand traits

 Coccinellid food can be classifi ed as  essential food
that promotes development and propagation, and 
lower quality ( alternative )  foods  that  only supports 
survival  (Hodek  &  Michaud  2008 ;  5.2.2 . and  5.2.11 ). 
Thus volatile messenger substances carrying informa-
tion on prey/food quality in terms of  essential food and 
possibly longevity of  the food source are important. 
Field investigations have shown a correlation between 
increased botanical diversity  and the frequency of  
polyphagous predators (coccinellids), and different 
factors are suggested as contributing to this, including 
microclimate  and  increased prey density  (Andow 
 1991 ; Vandermeer  1992 ). In a fi eld site inventory 
study,  C. septempunctata  and  A. bipunctata  were domi-
nating species and their distribution was signifi cantly 
correlated with the percentage of  ground cover of  
certain weed species (Leather et al.  1999 ). This is in 
line with studies by Schmid  (1992)  on plant discrimi-
nation by coccinellids. Of  73 plant species, most of  
which were common agricultural weeds, at least 20 
were found to be highly attractive to coccinellids. Even 
moderate manipulations of  the genetic homogeneity 
of  a barley crop may be important in relation to habitat 

9.7 HIBERNATION AND 
AGGREGATION 

 Aggregation behaviour is discussed in detail in  6.3.1.4 . 
The intrinsic preference  to join conspecifi cs is an 
important mechanism in the formation of  aggrega-
tions. The formation of  denser aggregations seems to 
be a process affected by prevailing climatic conditions 
such as temperature and rainfall (Klausnitzer  1989 ). 
In the context of  the specifi c conditions during the late 
autumn, any pheromone would need to have potent 
olfactory activity even if  temperatures are low. To be 
active over a longer time it should also be chemically 
very stable. Indeed, a pheromone fulfi lling these 
requirements was isolated and identifi ed for  C. septem-
punctata  as  2 - isopropyl - 3 - methoxypyrazine  (Al 
Abassi et al.  1997 ). In terms of  properties, this com-
pound is well suited for its expected functions i.e. high 
olfactory activity and low volatility and chemical sta-
bility under fi eld conditions. Thus, it may function as a 
messenger substance even if  aggregation itself  is a slow 
process that is accentuated only on days with favour-
able temperatures.  

9.8 HABITAT PREFERENCES: 
RESPONSES TO PLANTS AND 
PLANT VOLATILES 

9.8.1 Habitat selection

 Two different plant - derived semiochemical messages 
can be expected to contribute to  habitat/patch 
arrestment  of  polyphagous coccinellids. One is infor-
mation on  botanical composition  and possibly the 
presence of  preferred plants (Schmid  1992 ). The 
second type of  message would carry information on 
plants under stress , either from the presence of  her-
bivores or caused by interaction on the plant – plant 
level. In summary there is experimental evidence that 
plant volatiles contribute to the patch preferences of  
several coccinellid species. Several of  the recorded 
compounds are trivial plant volatiles, but some of  
them may also represent a stressed plant status, and 
there may be similarities between effects of  herbivore 
(coccinellid prey) attacks and plant stress caused by 
plant – plant interactions. (See also Chapter  4  and 
 5.4.1 ) 

 Information related to both  prey density  and  plant
status  contributes to the switch of  an individual 
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 However, as yet, the  intertrophic effects  of  allel-
opathy ( allelobiosis   sensu  Pettersson et al.  2003 ; 
Ninkovic et al.  2011 ), i.e. the effects upon herbivores 
and their natural enemies of  plant responses in  plant –
 plant interactions , have not been extensively studied. 
The effi ciency of  the searching behaviour of  a polypha-
gous predator would benefi t from a volatile cue allow-
ing identifi cation of  plants stressed by herbivores. 

 Investigations of  behavioural responses of  adult  C.
septempunctata  to barley and two common weeds have 
contributed to this topic. The distribution of   C. septem-
punctata  in a commercial barley crop with weeds indi-
cates the importance of  odour stimuli (Ninkovic  &  
Pettersson  2003 ). Adults were signifi cantly aggregated 
to patches with  Elytrigia repens  and  Cirsium arvense , 
although no obvious food resource such as pollen, 
aphids or other small prey insects was abundant there. 
In olfactometer experiments, adult ladybirds showed 
no difference in orientation to either of  the weeds. 
However, when barley and one of  the two weeds were 
used together as the odour source, this was preferred 
compared to the odour of  barley alone. Barley plants 
exposed to volatiles from  C. arvense  remained attractive 
even when the weed was taken away, whereas those 
exposed to  E. repens  lost their attractiveness in the 
absence of  barley. This indicates that the positive effect 
of  the barley –  E. repens  combination may merely be an 
effect of  mixed volatiles, whereas the barley –  C. arvense
mixture is likely to represent a more complex mecha-
nism involving  allelobiosis . 

 A conclusion from these results is that  mixed plant 
stands  may have a stronger arresting effect on adult 
ladybirds than pure stands, if  proximity of  a different 
plant species makes a plant emit the volatile signature 
characteristic of  general plant stress that would in -
clude herbivore - attacked plants. Hypothetically, an 
increased arresting effect could be a response merely to 
a complexity of  plant volatiles. This would fi t well with 
the E. repens –  barley combination. However, the results 
from the tests of  the  C. arvense -  barley combination 
suggest another possibility. Barley plants exposed to 
allelobiotic provocation from thistle volatiles become 
signifi cantly less acceptable to aphids (Glinwood et al. 
 2004 ). Thus the positive ladybird response to  C.
arvense  - exposed barley plants could be a response to a 
plant - stress condition  upon herbivores and their 
natural enemies, which is similar whether induced by 
plant – plant interaction or aphid attack. This would be 
in line with the positive response of  ladybirds to aphid -
 attacked barley plants (Ninkovic et al.  2001 ).   

preferences. In a fi eld experiment with pair - wise mixed 
and pure stands of  different barley genotypes, it was 
found that, in the absence of  prey, adult  C. septempunc-
tata  preferred a specifi c genotype - pair mix (Ninkovic 
et al.  2011 ).  

9.8.3 Avoided plants

 Coccinellids have been shown to respond to species -
 specifi c  plant volatiles . In laboratory experiments 
with terpenoids  from catnip oil and from grapefruit 
seeds (Riddick et al.  2008 ),  Z,E -  dihydronepetalactone 
or E,Z  - dihydronepetalactone caused a concentration -
 dependent avoidance behaviour in adult males and 
females of   Har. axyridi s. The avoidance behaviour was 
expressed by trying to fl y, jumping back or turning 
away from the odour source. Other tested compounds, 
E,Z -  iridomyrmecine and  Z,E  -  myrmecine , were less 
effective. Finally,  nootkatone  and tetrahydronootka-
tone were least effective. Based on the behavioural 
responses of  the beetles, it is suggested that the sub-
stances should be tested as repellents to prevent aggre-
gates of   Har. axyridis  at sites where they are unwanted. 
To what extent these preferences represent a perma-
nent pattern of  species - specifi c plant preference or an 
adaptive response remains to be tested. Investigations 
on effects of  plant volatiles on coccinellid foraging 
responses have focussed on consumption patterns in 
Aphidecta obliterata , which as a conifer specialist was 
better adapted to spruce than the generalist  A. bipunc-
tata  (Timms et al.  2008 ).  

9.8.4 Plant–plant interactions/
attractive plants

 A detectable plant stress indicator would be an impor-
tant predator tool. The most common biotic challenge 
for a growing plant is sharing available resources with 
other plants and this has, in some cases, led to the 
development of  advanced systems of  plant – plant com-
munication via semiochemicals.  Suppression of  
plant competitors  via semiochemicals defi ned as 
allelopathy  by Molisch  (1937)  was later redefi ned by 
Rice  (1984)  as also involving effects related to micro-
organisms associated with plants. Advances in methods 
of  chemical analysis and improved understanding of  
plant ecology have resulted in an increased scientifi c 
interest in allelopathy and its ecological importance. 
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and interaction with other behavioural stimuli such as 
colouration and tactile stimuli, where so far only very 
little is known for coccinellids. Some of  the aposematic 
compounds are chemically complex and some of  them 
(such as pyrazine) are behaviourally active in such 
small amounts that they challenge conventional 
methods for entrainment and chemical identifi cation. 
Improved methods of  chemical analysis will reduce 
these problems but also enable more sophisticated 
methods in studies of  how coccinellids respond to semi-
ochemicals. Further development of  improved bio-
assay methods for studying coccinellid behaviour is 
needed in relation to processes such as kin recognition, 
aggressivity between individuals, courtship and mating 
and cues involved in migration. 

 Studies of  the  olfactory receptor  systems on the 
antennae have shown sexual dimorphism. However, 
the behavioural consequences of  this for different 
behavioural responses between males and females to 
different stimuli have so far not received much atten-
tion. Present knowledge on identifi ed semiochemicals 
indicates that several biologically trivial compounds 
common both in several potential prey herbivores and 
their host plants convey important information to coc-
cinellids. Responses to the same chemical can differ 
depending on time and place and the infl uence of  the 
BMF mentioned above. Good examples of  cues where 
these common volatiles  may be behaviourally active 
are those related to plant damage/stress . Such 
volatiles form a vast set of  active compounds that must 
be recognized by the olfactory receptors of  coccinellids 
and, although the topic has often been discussed, there 
is only limited knowledge on how this challenge is met 
by different coccinellid species. Further studies of  the 
principles for receptor function of  coccinellids and its 
potential as a priming factor for specifi c chemical cues 
is therefore an interesting challenge. 

 With regards to foraging and feeding behaviour, the 
focus has been on herbivore - induced volatiles  and 
other stress induced substances. Thus the borderline 
between stimuli expressed in food search and arresting 
responses in favourable patches is diffuse. Effi cient use 
of  a broad range of  food sources means that identifi ca-
tion of  favourable habitats can be more profi table than 
searching for specifi c food sources. This creates a 
dynamic balance between investments in  localizing
optimal habitats  where food is likely to be available, 
and in fi nding specifi c  preferred food  resources . 
This presupposes a pronounced adaptive capacity to 
meet a variable set of  food sources. 

9.9 CONCLUSIONS AND FUTURE 
CHALLENGES 

 This chapter has summarized information on the 
chemical ecology of  coccinellids. A considerable 
amount of  experimentation has shown that coccinel-
lids depend on semiochemical - mediated information to 
complete several of  the important steps in their popula-
tion ecology. However, so far there is only a limited 
understanding of  the mechanisms involved and of  
how chemical ecology profoundly interacts with other 
stimuli regulating life processes. 

 Most of  the behavioural responses of  coccinellids to 
semiochemicals reported are related to major events in 
the life cycle. Thus the response to certain stimuli may 
vary depending on where in the  annual life cycle  the 
specifi c individual is. Several of  the chemical cues 
related to mobility and foraging are commonly occur-
ring substances, and one of  the future challenges is to 
understand the subtle mechanisms that contribute to 
give this trivial set of  information a precise meaning for 
the individual coccinellid. The integration of  external 
information to be expressed in subsequent action is 
picked up by  chemoreceptors , then processed at dif-
ferent sensory system levels and fi nally modifi ed as 
a function of  the status of  the individual coccinellid. 
This status can be looked upon as an  endogenous 
response fi lter  that regulates the capability of  the 
coccinellid to respond to external stimuli . Factors 
such as adaptive learning, mating and feeding status 
or different stages in the annual population cycle will 
modify the selectivity of  this behaviour modifying 
fi lter (BMF). Basic elements controlling the dynamic 
variability of  coccinellid behaviour such as  adaptive 
responses  and  learning  affected by a broad set of  
multiple blends of  trivial chemicals such as green leaf  
volatiles and semiochemicals from other organisms are 
exciting fi elds where further research is needed. 

 The considerable knowledge on the chemical com-
pounds that constitute the  aposematic chemistry  of  
coccinellids has created a challenging source for future 
studies on the behaviour of  coccinellids in an ecologi-
cal perspective. The metabolic costs of  the powerful 
aposematic chemistry are high and further links to 
general ecological functions could be searched for. 
Increasing information of  the aposematic chemistry in 
intra -  and interspecifi c recognition stimulates further 
studies of  the contributions of  semiochemicals involved 
in aspects of  the behavioural ecology of  coccinellids 
such as territorial behaviour, cannibalism/foraging 
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 Few insects can compete with coccinellids with 
regard to scientifi c challenges within the fi eld of  
chemical ecology. Their own chemistry is expressed in 
complex aposematic compounds. They show an out-
standing capacity to cope with different ecological 
requirements such as foraging, mating and responses 
to IGP, as well as to conspecifi c density. It is diffi cult to 
fi nd another group of  insects that is so close to human 
activities, and yet it must be admitted that conclusive 
data on the  identity and importance of  semio-
chemicals  under natural conditions are still limited. 
It is to be expected that future studies will not only give 
results of  general scientifi c value but also contribute to 
improved options for the different roles of  coccinellids 
in human activities in biological production and nature 
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