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Abstract Faced with an ephemeral prey, aphidophagous ladybirds rely on the hydro-
carbons present in the tracks of their larvae to choose an unoccupied patch for egg laying.
Although both conspecific and heterospecific larval tracks might deter females from ovi-
position, the response to the later is often less striking. Several explanations have been
suggested to account for this. In this paper we tested the phylogeny hypothesis, which
predicts that the chemical composition of the tracks of closely related species of ladybirds
will be more similar to one another than to those of more distantly related species.
Qualitative and quantitative information on the chemical nature of the larval tracks and a
molecular phylogeny of seven species belonging to three different genera are provided, and
the congruence between these two sets of results assessed. The results confirm the
phylogeny hypothesis and infer a gradual mode of evolution of these infochemicals.
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Introduction

Aphidophagous ladybirds are faced with difficult decisions when looking for an oviposi-
tion site. Although the number of aphids in a colony may often reach high levels, each
colony only exists for a relatively short period of time (Dixon 1998). This abundant but
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ephemeral resource might attract other consumers, both conspecific and heterospecific. In
order to maximise their fitness, ladybirds therefore need to be able to evaluate the quality
of potential oviposition sites in terms of the risk to their progeny of starvation, cannibalism
and/or intraguild predation.

Many species of ladybird respond to cues associated with the presence of conspecific or
heterospecific individuals and refrain from laying eggs in patches of prey already occupied
by predators (Razicka 1997, 2001, 2003, 2006; Doumbia et al. 1998; Yasuda et al. 2000;
Agarwala et al. 2003; Oliver et al. 2006; Magro et al. 2007), which is a common strategy
among insects (Nufio and Papaj 2001). In the majority of the cases, female ladybirds respond
to chemical tracks that larvae produce while walking, which in the case of Adalia bipunctata
(L.), A. decempunctata (L.) and Coccinella septempunctata L. are mainly composed of
alkanes (Hemptinne et al. 2001; Magro et al. 2007). Ladybirds respond similarly to con-
specific faeces (Agarwala et al. 2003), and, in the case of Cheilomenes sexmaculata (F.), to
(Z)-Pentacos-12-ene extracted from the cuticule of its larvae (Klewer et al. 2007).

Although females benefit from recognising and responding to both conspecific and het-
erospecific larval tracks, refraining from oviposition in the presence of the former would
appear to be more advantageous. The rationale is as follows. Many species of ladybirds are
restricted to a specific habitat (Hodek and Hon€k 1996). Furthermore, aphid colonies are
exploited by a sequence of ladybirds, with small species laying eggs at lower aphid popu-
lation densities than large species (Dixon 2007). That is, the probability of meeting a con-
specific is much greater than of meeting a heterospecific individual. As expected, the
recognition of the tracks of other species is less striking than the response to the tracks of their
own species. Several explanations, based on geographical distribution, habitat similarity/
overlap, defence mechanisms, low risk of predation or phylogeny have been suggested to
account for this (e.g. Yasuda et al. 2000; Ruzicka 2001; Oliver et al. 2006; Magro et al. 2007).

The objective of this paper is to test a prediction of the phylogeny hypothesis. This
prediction is that the chemical composition of the tracks of closely related species of
ladybirds will be more similar to one another than to those of more distantly related
species, which is to be expected if the mode of evolution was gradual (Symonds and Elgar
2008). Qualitative and quantitative information on the chemical nature of the larval tracks
and a molecular phylogeny of seven species belonging to three different genera are pro-
vided, and the congruence between these two sets of results assessed.

Materials and methods

Seven species belonging to three genera were studied: A. bipunctata, A. decempunctata,
C. septempunctata, Coccinella undecimpunctata L., Coccinella quinquepunctata L.,
Harmonia axyridis (Pallas) and Harmonia quadripunctata (Pontoppidan).

The C. undecimpunctata and C. quinquepunctata used to initiate the cultures were
collected in the United Kingdom, A. bipunctata, A. decempunctata, C. septempunctata and
H. quadripunctata in France and H. axyridis in Japan.

The chemical analyses of the tracks of A. bipunctata, A. decempunctata and C. sep-
tempunctata are those previously published by Magro et al. (2007).

Ladybird culture

Stock cultures of each species were maintained in the laboratory. These consisted of adults
reared at 20 &+ 1°C, LD 16:8, in 5-1 plastic boxes with a piece of corrugated filter paper, on
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which the females laid eggs. Three times a week the ladybirds were fed an excess of pea
aphids, Acyrthosiphon pisum Harris. Two stems of broad bean, Vicia faba L. (variety
“Primabel”), were added to each box to improve the survival of the aphids.

Eggs were taken from the stock cultures and incubated in 175 cm® plastic boxes kept
under the same conditions as the stock cultures. After hatching, larvae were fed excess pea
aphids three times a week.

Phylogeny

In order to clarify their phylogenetic relationships, which are traditionally based on
morphological characters, the seven species were analysed at the molecular level.

DNA extraction, amplification and sequencing

Total genomic DNA was extracted from entire individuals (minus elytra) using DNeasy
Blood and tissue Kit from QIAGEN with PBS protocol according to the manufacturer’s
instructions. Partial sequences of the 12S rDNA mitochondrial region were amplified by
PCR using the primers SR-J-14233 5-AAGAGCGACGGGCGATGTGT-3' and SR-N-
14588 5'-AAACTAGGATTAGATACCCTATTAT-3' (Kergoat et al. 2004). The amplifi-
cation protocol (touch down PCR) started with denaturation for 5 min at 95°C followed by
5 cycles of 1 min at 95°C, 1 min at 55-50°C, 1 min at 72°C and 30 cycles (1 min at 95°C,
1 min at 50°C, 1 min at 72°C), and a 10 min final extension at 72°C. The 28S rDNA gene
sequences (299 bp) were obtained using the primers 28Sa 5-GACCCGTCTTGAAA
CACGGA-3’ 28Sb 5'-TCGGAGGGAACCAGCTACTA-3’ (Whiting et al. 1997). PCR
used the following thermal cycling parameters: 5 min at 95°C, 35 cycles (1 min at 95°C,
1 min at 50°C, 1 min at 72°C), and a 10 min final extension at 72°C. Polymerase chain
reactions were performed with 50 ng of DNA in 25 or 50 pl volumes containing a final
concentration of 1X PCR buffer, 0.2 pM of each primer, 0.2 mM of each dNTPs, 1.5 mM
of MgCl, and 1U of Taq polymerase. All PCR amplified products were sequenced directly
by an automated sequencer. Sequences were deposited in GenBank (see Table 2, in the
“Appendix”, for GenBank accession nos.).

Phylogenetic analyses

Sequences were manually aligned using Bioedit software (Hall 1999). Gaps were coded as
missing data. The program Modeltest version 3.7 (Posada and Crandall 1998), was used to
determine the sequence evolution model that best fits our data using the Akaike Infor-
mation Criterion (AIC). Phylogenetic reconstructions were performed by maximum like-
lihood (ML) using PHYML v2.4.4 (Guindon and Gascuel 2003) injecting model
parameters selected by Modeltest. The robustness of nodes was estimated by ML bootstrap
(BP) percentages (1,000 replicates). Bayesian analysis was performed with MrBayes
[version 3.1.2] (Ronquist and Huelsenbeck 2003) using the same model of sequence
evolution and two partitions, one for each gene. Two independent analyses using four
chains were run for 1,000,000 generations. We sampled trees (and parameters) every 100
generations. Convergence was assessed by examining the average standard deviation of
split frequencies and the Potential Scale Reduction Factor. For each run, the first 25% of
sampled trees were discarded as burn-in. A 50% majority rule consensus of the sampled
trees was constructed to calculate the posterior probabilities (PP) of the tree nodes.
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The genera Bruchidius and Diacantha, from the Bruchidae and Chrysomelidae families
respectively [closely related to the Coccinellidae] (Hunt et al. 2007), were used as out-
groups. Chimeric data (i.e. different sequences derived from more than one species of a
genus) were used only for the two outgroup taxa, based on the sequences available
(Table 2, in the “Appendix”): Bruchidius (B. sp. and B. terrenus) and Diacantha
(D. unifasciata and D. collaris).

Chemical nature of the larval tracks
Production and extraction of larval tracks

Second instar larvae were taken from the stock cultures and isolated in 5 mm Petri dishes,
fed three times a week and checked daily for moulting. Freshly emerged L4 larvae (1-24 h
old) were isolated in 5 mm Petri dishes, and deprived of food for 24 h. Each larva was then
carefully introduced into a glass tube (12 mm diameter; 75 mm long). These tubes were
sealed with a cotton plug and kept at 20 £ 1°C, LD 16:8. As the larvae were hungry, they
spent most of the time walking. After 24 h the larvae were removed and the tubes were
stored at —18°C. For each species, three batches of 30 tubes were produced. Tubes with no
larvae were handled similarly and used as a control. The fasting period imposed on the
larvae prior to the experiment, and the careful introduction of these larvae into the tubes,
reduced the likelihood of the tracks being contaminated by faeces or reflex bleeding,
respectively.

To extract the larval tracks, the 30 tubes of each batch were successively washed with
1 ml of hexane (hexane Merck, HPLC grade for liquid chromatography). Then, they were
washed a second time with 1 ml of hexane for maximum extraction. Afterwards, the 2 ml
of extract for each batch of tubes were transferred to a small vial and evaporated under a
gentle stream of nitrogen. Finally, the dry residue was re-dissolved in 40 pl of hexane. The
samples were kept at 4°C until analysed using Gas Chromatography-Mass Spectrometry
(GC-MS). The control tubes were similarly treated.

It should be noted that the techniques used for the production and extraction of larval
tracks are the same as those used by Magro et al. (2007), and hence results are fully
comparable.

Chemical analyses

The GC-MS analyses were performed on a Finnigan Trace 2000 chromatograph directly
coupled to a mass spectrometer quadrupole detector (electron impact at 70 eV). The
temperature source was set at 200°C, the interface between GC and MS modules at 250°C and
the splitless injector at 280°C. Helium was the carrier gas and the flow rate was 1.2 ml/min.
Samples of 1 pl were injected in an apolar capillary column (Restek RTX-5MS
30 m x 0.25 mm, 0.25 pm film thickness, 5% diphenyl and 95% dimethylpolysiloxane).
The chromatograph oven was programmed as follows: 50°C for 1 min, then from 50 to 140°C
at 20°C per min, from 140 to 300°C at 3°C per min and finally held at 300°C for 3 min. The
mass spectra were scanned from 60 to 500 m/z. The whole system was controlled by a
Xcalibur data system, 1.2 version. Detection limits of chromatographic peaks were auto-
matically established by the Xcalibur software, which only considered peaks to be significant
if larger than a noise factor fixed at 10.
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In order to identify the compounds present in the larval tracks, a selected ion monitoring
at m/z = 85 value was initially carried out (Lockey 1988; Nelson 1993; Fortes and Baugh
1999) in order to find the peaks corresponding to hydrocarbons. Then, the identification of
the compound’s structure was determined using the mass spectral fragmentation patterns,
comparison of the retention times with those of injected known compounds and NIST
library spectra. A standard mixture of alkanes, from n-C12 to n-C60 (Supelco, Sigma-
Aldrich, 0.01% w/w each component), was used as a qualitative reference. The nonadecane
(Sigma-Aldrich) was used as internal standard. In order to quantify each compound, 5 pl of
extract were mixed with 5 pl of a nonadecane solution at 0.0781 mg per litre in n-hexane).
Then, the quantification in mg per litre and per batch (30 tubes) of each compound was
carried out using a correlation between the area of the peaks and concentrations of the
linear alkanes.

In order to abbreviate the names of the identified compounds, we use the IUPAC
nomenclature (International Union of Pure and Applied Chemistry). This nomenclature
uses a descriptor (XX) for the total number of carbons in the hydrocarbon component
(Cxx) [i.e., nonacosane becomes n-C,g], the number of double bonds (Y) follows a colon
(Cxx:v) [i.e., heneicos-6-ene becomes C,;.¢] and the location of methyl groups uses the
descriptor (X-Me) [i.e., 3-methylheptacosane becomes 3-MeC,; and 7,12-dimethylocta-
cosane becomes 7,12-diMeCyg].

Congruence between phylogeny and chemical nature of larval tracks

To study the congruence between phylogeny and chemical nature of larval tracks, different
analyses were performed.

Firstly, the chemical compositions of the larval tracks of the seven species were
compared using a stepwise backward discriminant (SBD) analysis (Systat 9.0 software),
following Chouteau et al. (2008). The seven species were separated into three grouping
variables corresponding to the genera: Adalia (A. decempunctata and A. bipunctata),
Coccinella (C. septempunctata, C. undecimpunctata, C. quinquepunctata) and Harmonia
(H. axyridis, H. quadripunctata). The chemical compounds of the larval tracks were the
independent variables. The data was analysed qualitatively (absence = 0 or presence = 1)
with unidentified compounds being omitted from the analysis. In the case of the 2 Adalia
and C. septempunctata, results corresponded to one trial each (data from Magro et al.
2007); for C. undecimpunctata, C. quinquepunctata and the two species of Harmonia it
was three trials.

Secondly, a phylogeny of the species was reconstructed based on the chemical com-
pounds in the tracks. The presence or absence of each chemical compound was coded as
binary characters. Unidentified compounds were not considered in the analyses. The data
set comprises 114 characters including 60 parsimony-informative ones. All characters are
treated as unordered and equally weighted. Maximum parsimony (MP) analyses were
performed by PAUP (Swofford 1998), using exhaustive search (ACCTRAN optimization).
Bootstrap support for MP trees was calculated using 10,000 bootstrap replicates. Addi-
tionally, a distance matrix was built using the same data: the distance between each pair of
species is calculated as the number of chemical compounds by which they differ over the
total number of identified compounds in the group and expressed in percents.

Finally, to estimate the congruence between the chemical composition of tracks and
phylogenetic relationships of the species, the informative characters were mapped on the
molecular phylogenetic tree.
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Results
Phylogeny

The results of the molecular analysis were used to establish the cladogram presented in
Fig. 1.

The final alignment included 634 sites and 9 taxa for the concatenated dataset (335 sites
for the 12S gene and 299 sites for the 28S gene). The best-fitting model for the sequence
evolution was the general time-reversible model (GTR) using a gamma shape (G). Analysis
of the combined dataset produced a single ML tree (Fig. 1, InL = —2,120.533104).
Our molecular analyses were fully congruent whatever the method used (see Fig. 1 for the
ML topology) and all unambiguously retrieved two robust (BP =>90%; PP > 0.90; see
Fig. 1) monophyletic groups. One corresponds to the genus Harmonia (H. axyridis and
H. quadripunctata), and the other to the cluster Adalia + Coccinella. Adalia appears to be
monophyletic (100% BP, PP = 1.0) and Coccinella paraphyletic, with C. undecimpuntata
clustering with Adalia, although lacking statistical support. Although lacking bootstrap
support the two other Coccinella species, C. quinquepunctata and C. semptempunctata,
appear to be sister species.

Chemical nature of the larval tracks

The hexane extracts of the seven species’ larval tracks consisted mainly of hydrocarbons
[90%] (Fig. 2, 3, 4). The results of the qualitative and quantitative analyses are presented in
Table 3 (in the “Appendix”). A total of 142 compounds were detected, 28 of which are
unidentified. 104 of the hydrocarbons are alkanes and 10 are alkenes, although the iden-
tification of the latter needs to be confirmed using derivatization (see Francis and Veland
1981; Vicenti et al. 1987 for details).

The total weight of track material produced by 30 larvae varied greatly among the species
and is not related to species size: 7.819 ng for A. bipunctata, 10.734 pg for A. decem-
punctata, 14.581 pg for C. septempunctata,20.415 ng for C. undecimpunctata,0.779 pg for

Fig. 1 Maximum likelihood tree Diacantha
obtained using the combined
dataset (12S and 28S genes). - Bruchidius

Bootstrap (BP) values (%)
obtained from the ML analyses,
as well as Bayesian posterior
probabilities (PP) are indicated
as BP/PP above branches for
BP > 50% and PP > 0.5

C. undecimpunctata

A. bipunctata
100/1.0

90/0.91 A. decempunctata

C. semptempunctata

100/1.0
C. quinquepunctata
H. axyridis
100/1.0
H. quadripunctata
0.1
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Fig. 2 Chromatographic profiles of the larval tracks of A. decempunctata (A10) and A. bipunctata (A2),
obtained after selected ion monitoring (Xcalibur data system) at m/z = 85 value

C. quinquepunctata, 12.803 ng for H. axyridis and 42.218 ng for H. quadripunctata.
The species that produced most is H. quadripunctata and that which produced least
C. quinquepunctata.

In terms of the diversity of compounds, H. axyridis produced most (48 compounds) and
C. septempunctata least (32). Only eight compounds are produced by all the ladybirds:
nCys, nCag, nCy7, SMeCsy, nCsg, nChy, nC3; and 13-MeCg;. In contrast, each species has
a few specific hydrocarbons; for the seven species there are 72 of these molecules and
C. quinquepunctata has the highest number of species specific compounds (22).

Congruence between phylogeny and chemical nature of larval tracks

In the SBD analysis, the jackknifed classification matrix resulted in a total of 89% of
the data being correctly classified [100% for Adalia, 89% for Coccinella and 88% for
Harmonia] (Fig. 5). It held back six variables (Cyo.;, Cio.1, C31.1, nCyy, 10,12-diMeC,y,
11-MeC3,). The eigenvalues for the two axes were 12.38 and 3.32 respectively, with the
corresponding canonical correlations of 0.97 and 0.88. Wilks’ lambda test was significant
(Wilks’ lambda = 0.017, P < 107°).

The distance matrix built on binary chemical qualitative data is presented on Table 1.
The chemical signature of the genus Coccinella is more similar to that of Adalia than of
Harmonia, with component differences of 39.5 and 44.6%, respectively. Of the Coccinella,
C. septempunctata is more similar to Adalia spp (25.4% difference) than the other two
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Fig. 3 Chromatographic profiles of the larval tracks of C. septempunctata (C7), C. undecimpunctata (C11)

and C. quinquepunctata (C5), obtained after selected ion monitoring (Xcalibur data system) at m/z = 85
value
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Fig. 5 Qualitative multivariate analysis of larval tracks, based on the presence or absence of compounds.
Analysed species are: A. bipunctata, A. decempunctata and C. septempunctata, each based on one trial
(results from Magro et al. 2007) and C. undecimpunctata, C. quinquepunctata, H. axyridis and
H. quadripunctata, each based on three trials. Chemical names indicate components that contributed most
to the separation of clusters. Ellipses are drawn by the program; some dots overlap because the results are

qualitatively identical
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Table 1 Distances between species based on the presence/absence of chemical compounds

A2 Al10 Cc7 Cl1 (6] Ha H4 (%)

A2 - 0 25.4% 47.4% 45.6% 46.5% 42.1
Al10 0 - 25.4% 47.4% 45.6% 46.5% 42.1
C7 29 29 - 43.0% 39.5% 43.9% 39.5
Cl1 54 54 49 - 31.6% 46.5% 439
Cs 52 52 45 36 - 48.2% 45.6
Ha 53 53 50 53 55 - 20.2
H4 48 48 45 50 52 23 -

The above diagonal values correspond to relative character differences (%), the below diagonal values to
total character differences. The species are: Adalia bipunctata (A2), A. decempunctata (A10), Coccinella
septempunctata (C7), C. undecimpunctata, (C11) C. quinquepunctata (C5), Harmonia axyridis (Ha) and
H. quadripunctata (H4)

Coccinella species are to Adalia spp (41.25%). The chemical signatures of the two Adalia
species are identical. Harmonia is clearly different from Adalia and Coccinella (differ-
ences of 44.3-44.6%).

The maximum parsimony analyses based on the chemical compounds in the larval
tracks produced a single most parsimonious tree, presented in Fig. 6 (129 steps,
CI = 0.8217, RI = 0.7356). The chemical composition of the tracks of C. septem-
punctata is closely related to that of Adalia (bootstrap support = 95%). C. undecim-
punctata and C. quinquepunctata are sister species in this chemical tree, as are the two
Harmonia species. While the genera Adalia and Harmonia are each characterised by 10
specific chemical compounds, only one substance (8MeC28) is specific to Coccinella
(Fig. 7). There are more steps between the cluster C. septempunctata—Adalia and the
genus Harmonia (14 changes) than the cluster C. undecimpunctata—C. quinquepunctata
(10 changes, cf. Fig. 6).

Fig. 6 Most parsimonious A10 A2
unrooted tree (129 steps,

CI = 0.8217, RI = 0.7356)
based on the chemical
compounds (presence/absence) in
the larval tracks of Adalia
bipunctata (A2),

A. decempunctata (A10),
Harmonia axyridis (Ha),

H. quadripunctata (H4),
Coccinella septempunctata (C7),
C. undecimpunctata (C11) and
C. quinquepunctata (C5). The
values along branches
correspond to the number of
character changes
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Fig. 7 Molecular phylogeny of
the species of Coccinellidae
included in this study, with the
chemical compounds
superimposed. Filled squares
indicate the presence of a
chemical compound; white
squares indicate its absence
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Despite the great diversity, the results of the different analyses of the composition of the
larval tracks of the seven species strongly support the conclusion inferred from the
chromatograms (Fig. 2, 3, 4), i.e., the chemical compositions of the intrageneric larval
tracks are more similar than the intergeneric tracks. The difference between genera also
conforms to the phylogeny: Adalia and Coccinella are closer to each other than to the
Harmonia. That is, there is a strong congruence between the chemical composition of the
larval tracks and the phylogeny of the beetles.

Discussion

Many species of ladybird refrain from ovipositing in the presence of conspecific larval
tracks (e.g. Razicka 1997, 2001, 2003, 2006; Doumbia et al. 1998; Yasuda et al. 2000;
Agarwala et al. 2003; Oliver et al. 2006; Magro et al. 2007). This is considered to be
adaptive as it prevents the overpopulation of aphid patches. Too many predators in colonies
would result in starvation and cannibalism, reducing fitness.

The oviposition behaviour of several ladybird species in the presence of heterospecific
larval tracks has also been studied. Indeed, individuals of several species are frequently
observed attacking the same aphid colonies and might therefore compete for food, which
could result in intraguild predation. The oviposition deterring effect of heterospecific larval
tracks has been recorded, although less frequently than that of conspecific larval tracks
(e.g. Doumbia et al. 1998; Yasuda et al. 2000; Ruzicka 2001; Oliver et al. 2006). In a
previous paper, Magro et al. (2007) suggested that the degree of phylogenetic relatedness
could be an important factor contributing to explain the differences in the oviposition
response of females of one species to larval tracks of another species.

The results of this study indicate that the composition of the larval tracks is more similar
within genera than between genera. Symonds and Elgar (2008) claim that this is often the
case because members of the same genus share similar biosynthetic pathways. However,
we also found that the chemical distances between genera are congruent with the phylo-
genetic distances: Adalia and Coccinella chemical signatures are closer to each other than
to those of Harmonia, the same appears to be true for phylogenetic relatedness. In addition,
although more species need to be studied, these results provide strong evidence that more
distantly related species differ more in the chemical composition of their larval tracks than
closely related species. This, therefore, supports the phylogeny hypothesis. It is, however,
important to mention that, despite the very low bootstrap support for the molecular phy-
logeny, it indicated that C. undecimpunctata is more closely related to Adalia, which
contrasts with the relationship based on the chemistry of the larval tracks, which indicates
that C. septempunctata is closely related to Adalia.

Our results indicate a gradual evolution (Roelofs and Brown 1982) of ladybird larval
tracks, in which species accumulate small changes in chemical components as they
diverge, resulting in phylogenetic conservatism (Symonds and Elgar 2008). In contrast,
when there is a sudden substantial or complete change in the chemical components, that
generates a very different blend, then evolution is said to occur by saltational shifts (Baker
2002; Symonds and Elgar 2008).

In pheromone communication systems, gradual evolution, driven by genetic drift, is
expected when the information conveyed by the cues is not species-specific (Symonds and
Wertheim 2005). This heritable variation does not contribute to the reproductive isolation
of the species, which is ensured by other mechanisms. It is, for example, the case of the
evolution of the Drosophila aggregation pheromones (Symonds and Wertheim 2005).
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Aggregation of adults of different species of Drosophila at a resource and subsequent
aggregated oviposition and increased larval densities, enhances the quality of the larval
substrate (Wertheim et al. 2002). This is achieved through the interaction among adults,
larvae and micro-organisms, which inhibits fungal growth, detrimental to larval develop-
ment (Wertheim et al. 2002). In this case the mutual attraction of adults of different species
to a resource benefits them all (Symonds and Wertheim 2005). In contrast, the pheromones
used in Drosophila mate attraction, where species specificity is important and therefore
selection against mixed messages is strong, are likely to have evolved by saltational shifts
(Symonds and Elgar 2008), which give rise to strong pheromone divergence.

We do not know enough about the interaction between ladybird larvae and females to
be able to identify the selective pressures that might drive what seems to be a gradual
evolution of the larval tracks. In the Drosophila example, cited above, and in parasitoids,
the senders and receivers have the same interests. For ladybirds, chemical communica-
tion is probably more complex. Larvae produce a substance that is likely to be an
adhesive or a surfactant enabling them to walk upside down on a smooth surface (La-
ubertie et al. 2006); for females this substance is a cue indicating already occupied
patches. In this case, larvae are not “senders” of a message but simply producers of an
infochemical substance.

Finally, our results will add to the general knowledge of oviposition deterring info-
chemicals’ composition, as only a few have been chemically characterised so far
(Anderson 2002).

Acknowledgments We are indebted to M. Gibernau for statistical advice and F. Magné for help with the
extraction of DNA and sequencing. We also thank R. Ware and M. Majerus for supplying C. undecim-
punctata and C. quinquepunctata, and N. Osawa for H. axyridis.

Appendix

See Table 2 and 3.

Table 2 Taxa analysed and GenBank accession numbers for DNA sequences

Species Origin GenBank accession no.
128 28S

Adalia bipunctata France FJ621318 FJ621325
Adalia decempunctata France FJ621317 FJ621324
Coccinella quinquepunctata United Kingdom FJ621320 FJ621326
Coccinella septempunctata France FJ621321 FJ621328
Coccinella undecimpunctata United Kingdom FJ621319 FJ621327
Harmonia axyridis Japan FJ621323 FJ621330
Harmonia quadripunctata France FJ621322 FJ621329
Bruchidius terrenus® DQ524351 -
Bruchidius sp.* - AJ841542
Diacantha collaris® EF421574 -
Diacantha unifasciata® - AJg41614

? Sequences obtained from GenBank
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