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Note S1: Sampling and phenotypic scoring

1.1. Species Sampling

We trappedicyclus butterflies at a total of six sites located in fédrican countries (ESM

figure S1). At each site, we trapped butterfliesmtyia two-week period, and all but five species
were sampled from a single site. For each siteysesl 10-20 traps and placed them at least 30
m apart. We checked traps daily and moved thenmladgw@round the site, to maximise the
captures. At some sites, we placed groups of &pgo locations, never more than 2km apatrt.
At the scale we sampled, we did not observe arigréifices in species compaosition across traps
for the species included in our study. Although tw-week field sampling scheme might bias
our chemical analysis, since the relative amouhs®me MSP components can change with age
[26], our sampling reflects the actual MSP divgreibcountered by interacting individuals in the
field.

Our species sampling does not include the Malaatiack population oB. anynana from which

the selection procedure was designed, becausaat is7ing in sympatry with any of the species
sampled for this study and it was reared in thddalmore than thirty years [61]. Thge

anynana population used in this study was caught in Ugaartthis part of a different subspecies,
B. anynana centralis [62], which does not produce MSP1 and MSP3 foun#. ianynana

anynana from Malawi [25].

1.2. Scoring pMSP components

We conducted chemical analyses using three matesaamfemales per species. We removed
both the forewing and hindwing from one side (righteft) of each freshly killed butterfly,

(males only) dissected each androconium from e&tieonings, and extracted each



androconium in a separate 1.5ml screw-cap vialatoimg 100u! redistilled n-heptane with
1ng/ul of @)-8-tridecenyl acetate as an internal standardpleed the remaining tissue of each
dissected wing (and wings of females) in a viaB@® pl n-heptane with 0.33ng/ul of the
internal standard. We stored the body in 100% ethfan genetic analysis and the undissected

wings in glassine envelopes for analysis of morpgickl traits.



Figure S1: Africa map with the localisation of the
sampling sites.The site abbreviations correspond to the tree
in figure 2 (main text): Li for Liberia (Sapo); Kor Nigeria
. e b Ug1 (1: Afi mountains and 2: Yankari); Ca for Camer@Bossong
Ug2 Ellelem); Ug for Uganda (1: Kibale and 2: Mburoye@n and

orange dots represent tropical forest and savasited)

respectively.

We analyzed wing extracts on an Agilent 5975 massctive detector coupled to an Agilent
6890 gas chromatograph, equipped with a HP-5MSlaapcolumn (30 m x 0.25 mm i.d., and
0.25 pum film thickness; J&W Scientific, USA). Theem temperature was programmed from
80°C for 3 min, then to 210°C at 10°C/min, hold 1@ min and finally to 270°C at 10°C/min,
hold for 5 min. Inlet and transfer line temperatuneere 250°C and 280°C, respectively, and
helium was used as the carrier gas. We only andlfmese compounds with a retention time
under 31.8 minutes (retention time of pentacosanggour method); we expect that those
compounds with retention time > 31.8 minutes argajory chemicals with low volatility. We
identified chemical compounds by comparing gas riatography retention times and mass
spectra with authentic standards acquired comniroiaprepared by synthesis on both non-
polar (HP-5MS) and polar (INNOWax, 30 m x 0.25 mdh,iand 0.25 pm film thickness; J&W
Scientific, USA) columns. The position of doublenbls was localised by the DMDS
microreaction [63]. Tentative structures were assigfor compounds not fully identified (ESM
table S1 in a separate excel file). All 873 GC-M&sfare available on Dryad Digital Repository:

http://dx.doi.org/10.5061/dryad.768sd.



If different species tend to share the same setsucturally related pMSP components,
pseudoreplication could occur in our data. To as#esrisk for pseudoreplication, we tested
whether structurally related components in the pS©ed to be shared across species, using
Fisher’s exact tests for all possible pairs of sstchcturally-related components. Each
contingency table contained the number of speaewfiich: both compound and structurally-
related compount are present, only compouads present, only compoutxis present, or,
both compouné and compound are absent. Out of 231 possible pairs of shataatarally
related components, the test was marginally sicgniti for only one pair (n = 32, or = 12.86, p =
0.53). In this case, the closely related speBienallitia andB. sylvicolus both possess the same
pair of structurally related components (figureThis is probably caused by phylogenetic
inertia, and not biosynthetic constraints, sin@sé&two compounds are each present alone (but
not selected as pMSP components) in two other ap&iignobilis andB. graueri (figure 2).

For all other possible pairs, the presence of shateucturally related components in one
species was not significantly correlated with thespnce of this pair of compounds in other

species, eliminating the potential for pseudorgpion in our dataset.

Table S1(separate excel filekist of the chemical compounds detected for our sapte of 32
Bicyclus species and the final selection of 75 pMSP comparts.

This table lists all compounds that were preseatvaliO ng in samples of homologous wing
parts in at least two out of three males of theesapecies. The 75 compounds selected as both
male-specific and abundant (pMSP) are highlighteGalumn 1. We investigated the chemical
structure of all pMSP components; the table deth#schemical analyses performed for each

compound. Compounds were generally ‘fully identifienly in one species (using reference



compounds and DMDS reactions) and then recognistteiother species based on similarity of
spectra and retention times. The characteristitseomass spectra of the few remaining
unidentified pMSP components are given. Homologmmpounds (based on identical mass
spectrum and retention time) to the above listessdhat were observed in additional species
were also added to the table. All these homologouspounds were assigned the same reference
number to facilitate comparison between species{fmound number’ Column in the table).

Some compounds identified by Wang et al [47] atemduded here because either a) the
compound fell out of the window of retention timensidered here as a criterion for inclusion as
a pMSP component, b) the compound was not malefspec c) the compound was not among

the most abundant or was not a repeatable compauhd species where it occurred.
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1.3. Scoring androconia

Androconia are wing structures consisting of medifscales arranged as ‘patches’ or ‘brushes’.
We identified androconia by their location in redatto the wing veins on a given wing surface
(ESM figure S3). In total, we identified 20 diffetestructures. Distribution of the androconia on
wing surfaces is similar across m@styclus species; we verified the patterns in our sample by
crosschecking 90 currently recognidgdyclus species in museum collections and determined
that distribution patterns are robust and not hidsethe selection of species included in the
pheromone sampling. The ventral hindwing surfackdandroconia in aBicyclus species
known. On the dorsal hindwing, androconia lie cltzseein intersections; in species with
atypical wing venation (e.gB. buea, B. maritus), the position of the androconia corresponds to
changes in vein position. On the ventral forewsmne androconia are located posterior to the
most posterior vein (Vein 1 in Fig. S3), with nedrconnecting veins. We were able to reliably
identify these posterior forewing androconia antédaine their homology across species by
taking advantage of the fact that each of thesanfiorg androconia overlaps one of the hindwing
androconia when the wings are held in a restingipasAlso on the ventral forewing, the
androconium located anterior to Vein 1 and the acaiium crossing Vein 1 were always

scored as separate characters.



Forewing ventral surface

Figure S3: Example picture of each androconial uniand scheme of androconia positions.
Numbers correspond to ESM figure S12. Vein andepaenbering follows the simplified
‘English’ numerical system [64]. Dorsal hindwing:a() cell brush and (1b) patch in space 7; (2a)
brush and (2b) patch in space 6; (3a, 3b) brush@$3x) patch located around distal part of
wing cell; (4a, 4c) brushes and (4b, 4d) patchesgspace 1c and vein 1b. Ventral forewing:

(5) patch under vein 1 covering androconia typg)Lpatch under vein 1 covering androconia
type 2; (7) patch above vein 1; (8) patch stretglaaross vein 1. Dorsal forewing: (9) hairs
along vein 1; (10a, b) patch along vein 1; (11)shbrin wing cell; (12) patch of discal scales.
These samples belong to the following specie8. hjadetes; 2) B. golo; 3) B. xeneoides; 4) B.
ignobilis; 5) B. anisops; 6) B. safitza; 7) B. taenias; 8) B. medontias; 9) B. dentata; 10) B.

sambulos; 11) B. martius; and 12)B. mollitia.



1.4. Scoring eyespots

Eyespots are located on all wing surfaceBigyclus. However, eyespots on different wing
surfaces have likely evolved under different sébacpressures, and behavioural studies in the
model specieB. anynana demonstrate that although dorsal forewing eyedpoision in mate
choice [29,65,66], ventral hindwing eyespots dqg aaot instead appear to decrease the
efficiency of predator attacks [67]. In additionamyBicyclus species exhibit seasonal
polyphenism, which affects the size and preseneyedpots in wet season versus dry season
forms. Ventral eyespots appear to be most sensdigbanges in temperature (the cue which
determines seasonal morphology). To standardizelataset, we scored eyespot presence or
absence for wet season forms only - this correspasdvell to the season in which most
reproduction occurs. In cases where our samples wet-season forms collected from the same
locality as those used by Olivier et al (32; whided wet-season forms only), we coded any
missing eyespots and bands as ‘present’ when tleey missing from the dry season form, but

present in the wet-season form.
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Note S2: Phylogenetic reconstructions and charactanapping

Monteiro and Pierce [68] and Oliver et al [29] restiucted the phylogeny of T8cyclus

species based on Maximum Likelihood and Bayesiahoas, using partial sequences of the
mitochondrial genes cytochrome oxidase | and 11 (@DII) and of the nuclear gene elongation
factor o (EF-10)). Our work added two tax®(ephorus andB. sylvicolus) and completed data
for a third 8. sangmelinae).

Sequencing: Following an adjusted protocol from Monteiro dPigrce [68], we sequenced a part
of the mitochondrial gene cytochrome oxidase | (C&id the nuclear gene elongation factor 1
(EF-10). In B. sangmelinae, we failed to obtain the first half of the COI seqce, therefore this
part was kept from the dataset of Monteiro anddei¢#8]. The resulting sequences are available
on GenBank with accession numbers KC786271 to K786

Model of substitution: We used the AICc and BIC criteria in the progijodeltest 0.1.1

[69,70] to select of the model of sequence evatutouse in our phylogenetic reconstruction.
The GTR+G model was found to be the most suitatrless three different methods of data
partitioning: one partition with the three gene partitions to separate mitochondrial genes
from the nuclear gene; and three partitions with separate model for each of the three genes.
Bayesian reconstruction with the different partitions: We first conducted a Bayesian
reconstruction of the tree using the parallel wersif the program MrBayes 3.1.2 [71-73]. The
Metropolis-coupled, Markov chain Monte Carlo (MCMQW¥process included four chains,
three heated and one cold with a temperature paeami0.15. Starting from random trees, we
simultaneously performed two independent runs @mi#lion generations each, and sampled
the chains every 2000 generations yielding a tftdD,000 samples for each run. The

convergence of the two runs was assessed visuahythre program Tracer 1.5 [74]; the
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standard deviation of the split frequencies staddiaround 0.003 halfway through the run time.
Therefore we obtained the 50% majority-rule congsritkom the latter 10 million generations
(10000 samples in total). Among the three methddiata partitioning, the model with two
partitions (nuclear and mitochondrial sequencesived very strong support from the posterior
probabilities (Bayes factors of 503 and 30 when garad to the models with one or three
partitions, respectively). The Bayes factors arieawhe difference of the logarithm of the
harmonic mean of the likelihoods of the two modalsalue greater than 2 is taken as ‘positive’
evidence that the model is better, greater thas'Steong’ and greater than 10 as ‘very strong’
evidence.

Maximum likelihood reconstruction and bootstrap: Since posterior probabilities can
overestimate the node support [75], nonparametratddrappingrf = 2000 pseudoreplications)
of the Bayesian consensus tree was performed tisgngnline version of the program GARLI
(Genetic Algorithm for Rapid Likelihood Inferencéq, 77]). The Bayesian and Maximum
Likelihood methods gave compatible results, althosgme nodes remain unresolved with the
Maximum Likelihood method. As expected, the treeolvined showed strong similarity to the
recent Bayesian reconstruction [29]. For all owalgses, we therefore used the Bayesian trees,
pruned to only contain the taxa with available datahe pMSP. Resolution of the tree and
bootstrap support of the topology were strong (Bd BP shown in ESM figure S4).

Character mapping: to represent the changes of presence and absepMSP components and
androconia along the phylogenetic tree, we usedidseémum likelihood approach with the
package StochChar v1.1 in Mesquite 2.75 [78] widymmetrical continuous time Markov

model of evolution (figure 2).
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Figure S4: Pruned Bayesian consensus tree
Numbers represent posterior probabilities (abowe) a
bootstrap values (below) when higher than 50%. Stiade

bar above the tree represents 1% of genetic dinegge
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Note S3: Estimating rate of evolution for chemicabnd morphological traits

3.1. One versus two rates of evolution for gairg lasses

Estimated rates are similar when we estimate gaiddosses as a single parameter (Figure 4),
or two separate parameters (ESM figure S5). Fovéindral eyespots and androconia, the model
containing different rates of gains and lossesstrasger support than the model containing a
single, common rate (Bayes factors of 10.47 and, 3spectively; see ESM note S2 for
definition of Bayes factor). The rate values intkcthat the frequency of gains is higher than the
frequency of losses, meaning that both traits liversified during the radiation &icyclus. In
contrast, for dorsal eyespots and pMSP compongrsnodel with a common value for the
rates of trait gains and losses is better suppoiniaad with different rates of gains and losses

(Bayes factors of 2.40 and 2.18, respectively).
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Figure S5: Posterior distribution of evolutionary rates when gains and losses are estimated
as two independent parameters.

The traits (from left to right) are: Ventral eyespandroconia, dorsal eyespots, and pMSP
components. The most probable rates of gains ase$@ andb, respectively; number of

change relative to genetic evolution) are preseimganelc.
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3.2. Comparing rates between traits

Our results show that, across species, pMSP cotigrogiirns over four times faster than dorsal
eyespot patterns, which in turn occurs twice asdasndroconial characters (figure 4).
However, it is important to interpret these resulith caution. The way we coded the
morphological traits, distinguishing them only dre toasis of their position on the wing
(presence, absence), may account in part for lineer rate of evolution compared to pMSP.
Indeed, androconia and eyespots can differ in nfegtyires in addition to their position on the
wing, including shape or UV-reflectance, the latiemg a target of sexual selection Bor
anynana eyespots [65]. Moreover, the way we coded the pMiS€rsity may also account for
their observed higher rate of evolution: the pM®mponents were distinguished on the basis of
their unique chemical structure. Yet, the same pMi&mical precursor can lead to different
pPMSP components that are considered differenst(hére present or absent given our coding)
rather than different character states. This irsgddhe number of scored traits compared to
morphological traits, potentially inflating the feate of evolution of pMSP compared to
morphological traits. These limitations are inhéternthe analysis of rates of evolution of
independent traits. We considered the chemicahdisteness of each pMSP component
biologically meaningful since the interaction beémesex pheromones and their olfactory

receptors are highly specific [20].
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Note S4: Within- and among-species variability in lsemical profiles

4.1. Between individuals of the same species

We used Spearman-rank correlations to estimatsitmi&rity of whole chemical profiles
between different individuals within each speci&& estimated the correlation for the amount
of each chemical in the profile for a) the thredeaaampled in each species, and b) the two
females sampled in each species, accounting forendech was localized on the wings
(androconia, rest of wing). Results therefore idelfour correlation estimates per species (a
total of 128 for the 32 species). We performed #imalysis using: 1) the complete list of
chemicals; 2) the 50% and 10% most abundant ché&pea species for males only; and, 3) the
pMSP components for males only (ESM figure S6).r@ibal profiles were found to be
repeatable between conspecifics and this similardyeases when the most abundant
compounds are considered separately (ESM figureF®f)some species, the similarity was low
between conspecifics but we considered this agalatariability (potentially due to age
differences between individuals [26]) and kept éhggecies in the data. This is conservative
since the confidence on their assigned MSP conmipnos# weaker than for other species and risk

to obscure the observed effect of RCD.
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Figure S6: Similarity of chemical profiles among caspecific individuals.

Distribution of the Spearman-rank correlations ijBjween individuals of the same sex for
different subsets of compounds (mean values opResented by vertical barg). all
compounds (males and females in white and blaskeaively);b andc: the 50% and 10%

most abundant male compounds (males ouly)he selection of 75 pMSP components (males

only).
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4.2. Between individuals of different species

We also used Spearman-rank correlations to contpargimilarity of chemical profiles when a)
pairs of individuals were drawn from the same sggorersus b) pairs of individuals were drawn
from different species. For males, the correlati@s significantly higher when males were
conspecifics (ESM figure S7a), versus when malésiged to different species (ESM figure
S7d). For females, chemical profiles were morelaimnaicross species compared with males
(ESM figures S7c and f). We conducted additionallyses to determine whether this result
(more differences in heterospecific profiles amarales than among females) was due to the
larger number of chemical compounds identified ades (as most pMSP compounds are strictly
male-specific). To do this, we resampled a subketate chemical compounds to equal the
average number of chemical compounds typical obferahemical profiles and showed that the
gap between the distributions of conspecific artédospecific correlations in males persisted
(ESM figure S7b and e). Moreover, Wilcoxon rank tesnore significant for males (W =
423006,P < 2.2e-16 and W = 42126P,< 2.2e-16 for all pMSP components and for the
resampled data, respectively) than for females (¥8793,P = 2.5e-05). These results suggest
that the large differentiation of male chemicalfppes between species could be used in species

recognition.
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Figure S7: Similarity of chemical profiles among idividuals of the same and of different
species.

Spearman rank correlations on the amounts of aBpMomponents between pairs of
conspecific (top row), or heterospecific (bottornwjondividuals. Of note, panalis different
from ESM figure S6d because in the latter, thelleaion of the compounds on the wing is

taken into account while here only the total amaqenttindividual is used.
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Note S5: Test for Reproductive Character Displacenmd

5.1. Test for RCD in the number of shared traites€ species

The number of shared pMSP components was deterraimgdy phylogenetic distance
(permutation test; 9999 permutations; 496 pairs of species; effect size = -2RS; 0.01;
ESM figure S8). We observed a similar pattern figr androconia (effect size = -14.02«

0.01) but not for dorsal and ventral eyespbts (0.52 and 0.60, respectively; but see ESM note

a pMSP . 2] X x X % ¢ Dorsal eyespots 2{ x X IO
2 4
2 2
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Figure S8: Sympatry, phylogeny and habitat effecten the number of shared characters
between pairs of species.

For each traitd: pMSP compositiony: androconiag¢: dorsal eyespots, amtl ventral eyespots),
statistical output of the following model is givena table on the lefbumber of shared
characters per pair of species ~ intercept + phylogeny + sympatry + habitat (Methods).

Significant effects are represented in bold. Onritjet, graphs show the numbers of shared
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characters between pairs of species against thgiogenetic distance, using the following
model:number of shared characters per pair of species ~ intercept + phylogeny + sympatry +
habitat + phylogeny : sympatry. Sympatric and allopatric pairs of species areasgnted using
red and blue crosses, respectively. These grapksrhlude the interaction term for illustration

sake and the effect of the habitat is averaged.

5.2. ‘Youngd' versus ‘old’ species pairs

Figure 3a shows that the effect of sympatry oredéifitiation of pMSP composition is strongest
when species pairs are closely related phylogeaibticompared to older species pairs.
Therefore, we recalculated the model coefficiefitr gplitting the data between ‘young’ and
‘old’ pairs of species around the phylogeneticatise of 0.15 (figure 3a). Significance of the
model parameters was obtained after permutatidiheofvhole dataset, and fitting again the
model on the two groups of pairs (ESM table S2sURe show that the effect size of sympatry
is much larger when only young pairs of speciesrasieded in the analysis (1.77), compared to
when either all species pairs (effect size of Ofigfire 3a) or only older pairs of species (0.53)
are considered. Separate permutation of the twitapdatasets gave equivalent results (results

not shown).
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Table S2: Effect of the phylogenetic distance, theympatry, and the habitat type on the

number of pMSP differences for the young and old pas of species.

Young pairs i = 38) Old pairs f = 458)
Factors Effects P Effects P
Intercept 2.50 5.62
Phylogeny 5.48 0.59 -5.57 0.70
Sympatry 1.77 0.02 0.53 0.04
Habitat 2.03 0.07 1.59 0.06
R? 0.32 0.22 0.12 0.07

Significant effects are in bold.



5.3. Robustness of RCD to potential outliers

We found a greater number of pMSP component diffege across sympatric species compared
to allopatric species, and this result is robusihewhen three potential outlier pairs of species
are deleted (ESM figure S9). It is important toentbtat these three pairs of species are not
phylogenetically close - in fact, they represenejpendent evolutionary events at the scale of the
genus and should not be discarded from the analyssinteresting to note, however, that the
effect of forest habitat on the number of pMSPal#hces between species is significant with

the 3 pairs removed from the data.

a b
w -5 Bjefferyiug2 1 X X
1] i 5/6
.--.B. dorothea Ni1 2 14 4 X X X X
L2386 - B wulgaris Ug2 3
50 . a5 WU X MXX X
L——————OBBC—)———'B.sandaceNlZ 12 4 X XX X IO X X
[ 111 1] i i 9/10

....o.o.. B. sangmelinae Li 4 X KB MO YOR X

= B. mesogena Ug1 5 10 4 X X X XROOBER I 200K XX

EEEEEE 16/18
XX X b S QEEDLOC O DEERONIORCS - 4

X

x16/17 WS FOOK X
2/3

1718% X'x12/13 X XX

6 11/12%%1/3 XX KHCHK NEIDEOGIKK X
X X OOBOEQUGEDEX X
XX XX XOBUTHOCOWDONK
X X SR K OB KK

B. sambulos Ug1 6
B. technatis Ni1

B B sylvicolus Nit 7
BB B moliitia Ug1 8
beccae- B_ _ __ B anynana Ug2

Number of differences
)
I

.-g.. B. mandanes Ug1 9 4 4 e N
A2 1143,
BEBEER B auricruda Ug1 10 ' X X

- B __ B smithi Ug1 11 24\ 8 / X OEXK HBOKX
HERRE 5 gooUgt 12 X x X
N T T T
B. madetes Ni1 13 0.05 0.15 0.25
1] ius Ni
| oo~ b martius Nit 14 Phylogenetic distance
oop BRREE 5 buea Ugt 15
1
Lmmmmm oo lg! _____ B. funebris Ug2
1
[ . _____ B. safitza Ug2
d
- B R — B. dentata Ug1 c
L---" ____ B anisopsbCa
5 B. taenias Li
- ) ) Factors Effects P
500 B. trilophus Li
LLL B. ignobilis Nit Intercept 5.00
BEREE g sepews Ugt 16 Phylogeny  -3.13 0.29
BE® B graueri Ug1 17 Sympatry 0.58 0.05
o.o-o-o B. zinebiLi 18 Habitat 1.63 <0.01
| 111 11] A 2
S555 B. ephorus Li R 0.14 <0.01
LLLLL] B. medontias Ni1
EEEEEEE ) ,
500000000 B- xeneoides Ni1
o L L B. evadne Li

24



Figure S9: Composition of the youngest pairs of spees and robustness of the RCD pattern
to the exclusion of potential outlier pairs.

a: Pruned Bayesian consensus tree with inferredggsafor pMSP components (filled squares)
and androconia (open circles; ESM note S2). Thie @@ above the tree represents 1% of
genetic divergence. Plain and dotted tree branap@ssent forest and savannah habitats
respectivelyb: Numbers of different pMSP components betweerspaispecies against their
phylogenetic distance. Sympatric and allopatricgaf species are represented by red and blue
crosses. Lines represent the prediction of thevetlg linear modelnumber of differences per

pair of species ~ intercept + phylogeny + sympatry + habitat + phylogeny: sympatry; for
representation sake the effect of the habitatésaged. Green numbers indicate the position of
the youngest pairs of species in the phylogenet&d¢: Results of the corresponding regression
on distance matrices without the three potentidienpairs surrounded in panelby the dotted

circle.
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5.4. Effect of habitat on RCD

Species inhabiting forest possessed greater nurobpMSP components and more androconia.
While this affects the number of differences wenfdin these traits (ESM figure S10a,b), it does

not alter the effect of sympatry on the numberitiecences in traits.
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Figure S10: Effect of the habitat type on the numbreof different characters between
species.

For each traitgd. pMSP compositior: androconiag: dorsal eyespots, amtl ventral eyespots),
the statistical output of the following model izgh on the leftnumber of differences per pair

of species ~ intercept + phylogeny + sympatry + habitat (Methods; same model as for figure 3).
Significant effects are represented in bold. Onritpet, graphs show the numbers of trait
differences between pairs of species against pigllogenetic distance for the same model.
Here the effect of sympatry is averaged and thecetif habitat is represented in yellow, green

and purple for species pairs from savannah, fraestoor from mixed habitats, respectively.

26



Note S6: Test for the presence of a phylogenetigsal for chemical and morphological

traits

We tested whether a phylogenetic signal was prdseatl chemical and morphological traits
using two methods. First, for each trait, we coreddhe fit of a symmetrical Markov model of
evolution on two different phylogenetic trees foliag Mooerset al. [79]. The traits were

allowed to evolve either along the branches ofrda phylogenetic tree, or along a star-like tree
(equivalent to a scenario of no shared history betwspecies). When a phylogenetic signal
exists for the trait, the real tree should exptamtrait evolution better than the star-like tréée
compared the performance of the two trees using8#&ctors in the program BayesTraits (see
the definition of Bayes factor in ESM note S2). Bbithe traits, the real phylogenetic tree
allowed a better fit of the model than the staelikee (symmetrical Markov model, Bayes
factors: 5.36, 100.89, 5.09 and 33.61 for pMSPr@swhia, dorsal and ventral eyespots,
respectively), showing that more closely relategcsgs tend to share more characters than more
distantly related ones.

Second, we measured the consistency (ClI) [80}eteation indices (RI) [81] which
assess the congruence between the data and thmtlerethe hypothesis of maximum
parsimony. This analysis was run with R (versidt82L for windows) [38] and the package
Phangorn (versionl1.4-1) [82] and Picante (versi@) [83]. Since the Cl is the ratio between
the minimum possible number of character changésamphylogeny and the observed number,
it is sensitive to autapomorphies (characters pitaseonly one species) which inflates its value
[84]. The number of autapomorphies has no effed®lbWe therefore only considered the
shared characters in the analysis. To test fositireficance of these measures, we compared

them to a null distribution obtained by repeatextiynputing the indices after permutation (9999
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replicates) of the associations between sequeriatmmcters and species. This method allows
testing for the phylogenetic signal without disiadbthe potential association of characters in
each blend or combination of androconia or eyesidisus avoids the production of unrealistic
datasets with, for example, some species havirgndooconia or too many chemical
compounds. Because of the difference between tiasets in terms of percentage of shared
characters, the expected values of Cl and RI utidenull hypothesis of no congruence between
tree and trait are different (see the mean of thkedistributions on ESM figure S11). Since the
P values were very small for both traits, we meastine distance of the observed value to the
null distribution relative to the standard deviatiaf the null distribution. These indices showed
that the congruence between the characters anghith@geny is stronger in androconia than in
pMSP, and stronger in ventral than in dorsal eysspm signal in the latter; ESM figure S11).
The strength of the phylogenetic signal measurdld @i and RI followed the same ranking as

the sizes of the Bayes factors obtained with thdehoomparison.
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pMSP

Cl=0.39 P =4e-04 RI=0.19 P =4e-04
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Figure S11: Evidence for the presence of a phylogetic signal in chemical and

morphological traits.

The observed consistency index (Cl) and retentidex (RI) values (left and right graphs,
respectively) are represented by vertical dotteeslj and their null distributions are represented

by histograms. The values, the mean values of the null distributi@ms] scaled distance
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between the observation and the null distributatiat(sd)] are indicated above each graph. For
the convenience of visual comparison between trafiscissas are aligned and scaled with the

standard deviation of each null distribution.
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Note S7: Diversification of pMSPs and androconia isncoupled

Androconia have been used as a proxy to assesgigience and the importance of sex
pheromone communication in male Lepidoptera [884 are a key taxonomic trait Bicyclus
[24]. Our analyses show that the number of diffeesnin both androconial traits and pMSP
components between pairs of species is affectdthbitat in the same way: there are more
differences between pairs of forest species thandsn pairs of savannah species (figure 3).
Because habitat affects both traits in the same wayurther investigated whether specific
androconia were associated with the presence offepeMSP components. To conduct this
analysis, we identified twelve ‘androconial unity classifying as a single unit pairs of brushes
which merge together despite originating in moentbne wing space, and faint patches lying
directly under brushes (see ESM figure S12 fortpm®s of these units). From the abundance
data it was clear that most compounds were eitherd exclusively in a single androconial unit
per species, or if found in several only as a traal positions except on dominant position.
We therefore investigated which androconial unittamed the most of each selected pMSP for
each species. The majority of pMSP components (&%) rred in higher amounts in the ‘cell
brush’ unit (unit 1; ESM figure S12). The cell bihusccurs in 31 of the 32 species we
investigated (absent B. buea), and this structure alone appears to contaimgla oportion of
the pMSP diversity we identified. The remaining 2684he pMSP components occurred in
parts of the wings which did not contain androcomanost cases, the remaining androconial
units (units 2-12; there are 1-5 units per spesies,ESM figure S12) generally lacked
significant amounts of any pMSP components. Deshédact that the number of androconial
units seems to have increased during the diveasidic of the genus (ESM figure S5), we did

not find a one-to-one association between pMSP omiets and specific morphological
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structures. Most androconia may have lost a funatiolfactory communication, or perhaps
never had one. Our results indicate that the cudieersity of androconia and pMSP
components are independent and that these elalzo@dtixed morphological structures may

have a role in another, as yet unknown, functiomtamed by selection.

a 1Celll 2 (3|4 |5 |6 |7 |8 |9]10(11 |12 |Restof|Numberof | Active
brush wings |androconial|androconial
Species (%) (%) (%) [(%) (%) | (%) [(%) [(%) | (%) | (%) |(%) (%) | (%) units units (%) | Forewing ventral surface

B. anisops 0 [0 oo 100 | 4 0
B. anynana 0 0|0 0 4 25
B. auricruda 0 0|00 0 5 20
B. buea | Jo]o 0 0 4 0
B. dentata 0 0 3 33
B. dorothea 0 0o|0f|O0 0 5 20
B. ephorus 0 0 0 17 4 25
B. evadne 0 0 2 50
B.funebris | 0 |0 33 T2 33
B. golo 0 0|0 20 4 25
B. graueri 0 0 0 3 33
B. ignobilis 0 0 2 50
B. jefferyi 0 0|0 33 4 25
B. madetes 0 0|0 0 4 25
B. mandanes 0|17 0|0 | O 0 6 33
B. martius | 0 |25 | 50 | 25| 0 0 5 60
B. medontias 0 0 20 3 33
B. mesogena 0|0 ]12 0 0 5 40
B. mollitia 0|0 0 0 4 25
B. safitza 0 oo | 50 | 4 25
B. sambulos 171 0| 0 0 33 5 40
B.sandace | 0 | 0 [400] 0 0 0 5 20
B. sangmelinae 17|00 |0 ]| O 33 6 33
B. sebetus 0 0 3 33
B. smithi 0 |33 0 0 4 50
B. sylvicolus 0|0 0 4 25
B. taenias 0/0]|0 |100 | 0 5 20
B. technatis 0 0|00 0 5 20
B. trilophus 0|00 0 0 5 20
B.wulgaris | 0 |0 0 | 100 | 3 0
B. xeneoides 0|0 0 0|0 14 6 17
B. zinebi 0 0 0 0 4 25

pMSP components primarily contained by each unit (%) Mean (s.d.)|Mean (s.d.)

1J25]1JoJ25]0JoJoJ1Jo]27] 25 4.2 (1.0) [27.7 (13.6)

Figure S12: Distribution of pMSP components among radroconial units on Bicyclus wings.

a: Columns represent each of the 12 androconias agsociation of androconial hairpencil and
patch [25]) and the rest of the wings. Each pMSRpmnent was usually present in a higher
amount in a single androconial unit consideredctisely releasing that component. Lines

represent the percentage of the pMSP componengmaddo each unit per species; blank cells
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correspond to androconial units absent in the spe@rey cells pinpoint androconial units
containing 50% or more of the pMSP components faorile species. The last two columns
show the total number of androconial units andattogortion active. The last line shows the
proportion of all pMSP components present primanlgach unitb: Scheme showing the

location of androconial units on wings.
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Note S8: Effect of the environment on the diversitpf pMSP composition

We investigated the effect of habitat type (savanfarest) on the diversity of pMSP
composition using two approaches in addition teéhdescribed in the main text. First, we
analysed the number of pMSP components per spasiagunction of habitat by using
generalised linear models (GLM) with a Poissonritigted error. Since species diversity is
higher in the forest habitat, we also includedrtbimber of sympatric species as a factor in the
analysis. Model selection was based on correcteaik&kinformation criterion [86] (AICc) and
the best model was:
number of pMSP components ~ number of sympatric species + habitat + number of sympatric
species : habitat.
Since some of the effects were significant, weestad for phylogenetic non-independence of
species [87]. For this purpose we used the gemerhéstimating equations [88] (GEE) in the R
package APE [38,89] (version 2.13.1 and 2.5-3 respdy). Results showed that forest species
have a higher number of pMSP components than sahaspecies (effect size = 4.52x 0.01,
ESM figure S13 and table S3). We also observedrafiiant interaction between habitat type
and the number of sympatric species, which isdliffito explain: in forest habitat, the higher
species diversity is associated with fewer pMSPmamments per species, while the opposite is
true in savannah habitats. As these results weasengal using only three locations per habitat,
this effect must be taken with caution and sho@atecked by sampling a larger number of
locations per habitat.

Second, we examined the effect of habitat on pMSRposition by plotting the number
of pMSP differences for pairs of species that eifi@ared, or did not share, the same habitat.

Species of different habitats did not differ mare@MSP composition than those sharing the
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same habitat, indicating a limited effect of habtta pMSP differentiation at this geographic
scale (ESM figure S14). Most pMSP differentiatisrpresent within the forest habitat, which
was to be expected given that forest species have pMSP components overall (ESM figure
S14 and table S3). Because habitat affects the euaflpMSP differences between species,
habitat was included as a factor in the main amalysRCD on pMSP composition (figure 3).
The coding was ‘0’ for savannah pairs of specig'sfor mixed pairs of species, and ‘2’ for

forest pairs of species.

Number of pMSP components per species

I T T T
0 5 10 15 20

Number of sympatric species

Figure S13 Number of pMSP components per species as a funati of habitat and the
number of sympatric species surrounding the focalpecies.
The size of the circles is proportional to the nemtsf species (1 to 4). Savannah species are in

in orange and forest species in green.
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Table S3 Best fit model parameters and their significancedr the generalised estimating

equations.

Factors Estimates s.e. t P

Intercept -0.68 1.16 -0.59 0.57
Number of sympatric species 0.30 0.16 1.87 0.09
Habitat (Forest) 4.52 1.21 3.75 <0.01

number of sympatric species : habitat.  -0.45 0.16 -2.77 0.02

a _— b _

12

Number of pMSP differences

0 T T T T

different same savannah forest
habitats habitat savannah forest

Figure S14: Number of pMSP differences based on thHeabitat occupied by the pairs of
species.

a: Box-plots of the number of pMSP differences fairp of species that either live in different
habitats or share the same habllaBox-plots of the number of pMSP differences fairp of
species living both in savannah or both in forediitat (subsets of the second category of panel

a).
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Note S9: Sympatry and age of the pairs of specieshe differential fusion hypothesis

We show that species sampled in allopatry are moemlosely related than species sampled in
sympatry (ESM figure S15; one tailed permutaticst;t8999 permutation®, = 0.93). This type

of test should be interpreted with caution sincecgs ranges can change over time [90].
Moreover, our assessment of sympatry only dependbBenlocation where species were
sampled, not on sympatry at the scale of the ergirge of the species. In any case, this pattern
is not in accordance with the differential fusioypbthesis [49] which predicts that allopatric
species are more closely related than sympatridegesince sympatric species are the subset of
allopatric species that were differentiated enaiegtoexist after secondary contact [12,42].

Of note, we obtained pMSP data for most sympapecies in each of four sampled
locations during extensive field work, which limttee risk of underestimating the relative age of
sympatric, compared to allopatric, pairs of spediésreover, in our sample of Ecyclus
species, we found only two cases where the origenanomic description [24] had missed
cryptic species living in sympatry, namely rmesogena in Uganda and. mandanes in
Cameroon. These taxonomic changes reinforce oultsess it reduces further the average

phylogenetic distance between pairs of sympatécies.

sympatry ///8

allopatry

/o\ﬁ/ \

QA_Q‘B Q- & —o .
0 010 0.15 020 0.25

Relative frequency

Phylogenetic distance
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Figure S15: Distribution of the phylogenetic distace between species depending on their

sympatric or allopatric status in our study.

The distances are based on the Bayesian tree (B8V52). The frequencies (ordinate axis) are

scaled between the two groups (90 sympatric andaipatric pairs of species).
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