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Recent recordings of the stridulations 
of Myrmica ants revealed that their 

queens made distinctive sounds from 
their workers, although the acoustics of 
queens and workers, respectively, were 
the same in different species of Myrmica. 
Queen recordings induced enhanced 
protective behavior when played to work-
ers in the one species tested. Larvae and 
pupae of the butterfly genus Maculinea 
inhabit Myrmica colonies as social para-
sites, and both stages generate sounds that 
mimic those of a Myrmica queen, induc-
ing similar superior treatments from 
workers as their model. We discuss how 
initial penetration and acceptance as a 
colony member is achieved by Maculinea 
through mimicking the species-specific 
semio-chemicals of their hosts, and how 
acoustical mimicry is then employed to 
elevate the parasite’s membership of that 
society towards the highest attainable 
level in their host’s hierarchy. We postu-
late that, if acoustics is as well developed 
a means of communication in certain 
ants as these studies suggest, then oth-
ers among an estimated 10,000 species of 
ant social parasite may supplement their 
well-known use of chemical and tactile 
mimicry to trick host ants with mimicry 
of host acoustical systems.

Perhaps 10,000 species of insect have 
evolved as social parasites to exploit the 
abundant resources concentrated within 
dominant ant colonies.1 The adapta-
tions by which infiltration is achieved 
have been studied in few social parasites,2 
but generally involve the corruption, by 

mimicry, of the honest signals that are 
continuously transmitted between differ-
ent members of an ant colony in order to 
function cohesively as a super-organism.3-5 
Beyond the parasitism of one ant colony 
by another closely-related ant,3 the best 
understood examples of social manipula-
tion are by Lomechusa (Atemeles) bee-
tles,3 Microdon hoverflies6 and Maculinea 
butterflies.2,7 Lomechusa and Maculinea 
employ physical, behavioural and chemi-
cal cues to manipulate ants. We have now 
demonstrated that the larvae and pupae 
of Maculinea butterflies are also effective 
mimics of their hosts’ acoustical commu-
nication systems.8-10

Two types of social exploitation have 
evolved within the genus Maculinea.2,7 
All five European species have free-fly-
ing adults that oviposit on specific ini-
tial foodplant(s). The young larva feeds 
briefly on growing seeds, developing 
rapidly through three instars but acquir-
ing <2% of its ultimate biomass.11 On 
reaching the fourth and final instar, the 
Maculinea larva (hereafter called cater-
pillar) falls to the ground and awaits dis-
covery by a foraging Myrmica worker ant, 
which is tricked by its physical and chemi-
cal resemblance to a Myrmica larva into 
carrying it underground into the brood 
chambers of its nest.2,12,13 The caterpillar 
remains within the ant colony for 10–22 
months14 before pupating, still inside the 
nest. Those of Maculinea arion and M. 
teleius have onciform bodies and thick pro-
tective cuticles (Fig. 1), and generally live 
in the outer cells of the nest, making occa-
sional forays to the better protected brood 
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chemical mimicry.16 Thus when a nest is 
disturbed, workers rescue M. rebeli cater-
pillars and their own pupae ahead of kin 
larvae and eggs;14 they also feed caterpillars 
at the expense of their larvae when food is 
scarce.19 Sometimes workers treat M. rebeli 
caterpillars and pupae as if they were queen 
ants.9 This social elevation is now explained 
by acoustical mimicry.

Evidence that Maculinea caterpil-
lars mimic Myrmica worker stridulations 
was first obtained from highly alarmed 
experimental ants and caterpillars.8 This 
nevertheless established that Myrmica 
larvae are mute and thus the caterpil-
lars’ sounds, if confirmed as mimetic, 
were mimicking an adult attribute. It also 

integration with hosts, on current knowl-
edge this cue is used by all Maculinea spe-
cies to gain acceptance as a member of a 
host’s society. This, by definition, renders 
individuals less likely to survive with other 
Myrmica species whose chemical profiles 
they imperfectly match.2

While social acceptance is achieved 
through semio-chemical communica-
tion, the caterpillars of cuckoo Maculinea 
induce nurse ants to feed them by adopt-
ing a similar begging behaviour to that 
of a Myrmica larva13 (Fig. 1). However, 
it was evident that caterpillars were often 
treated as superior individuals within the 
hierarchy of a Myrmica society, a phe-
nomenon that could not be explained by 

chambers to binge-feed on ant larvae.15 In 
contrast the ‘cuckoo’ Maculinea, M. rebeli 
and M. alcon, remain within their host’s 
brood chambers where they are tended and 
fed directly by nurse ants on trophic eggs, 
foraged food and by trophallaxis.13

In most but not all studied populations, 
each regional phenotype of a Maculinea 
species is host-specific to a single primary 
Myrmica host species, whose hydrocarbon 
profile it mimics by secreting allomones.16,17 
In M. alcon, a population-scale evolution-
ary arms race has been found between the 
local chemical profiles of the host Myrmica 
species and its mimetic parasite.18 Although 
chemical mimicry appears to be amplified 
in cuckoo Maculinea due to their closer 

Figure 1. MdS plot of the normalised euclidean distances of the mean pulse length, dominant frequency, and pulse repetition frequency of the acous-
tical signals made by individual queens and workers of two Myrmica ant species and by the pupae and caterpillars of their Maculinea butterfly mimics. 
M. rebeli is a cuckoo social parasite, fed directly by worker ants; M. arion is a predator of ant brood, less closely integrated with its host society. the 
final instar larval stages of M. arion are separated into ‘pre-adoption’ before the larvae had contact with ants and ‘post-adoption’ recorded after they 
were in contact with ants. The contours indicate the normalised Euclidean distance separating the groups. ANOSIM indicates significant intra-specific 
separation between queen and worker acoustics in each ant species (p < 0.001) but no inter-specific differences in either the queen or worker sounds 
of the two species. The sounds of both Maculinea species’ pupae and caterpillars were significantly closer to queen Myrmica ant stridulations than to 
those of worker ants. Green arrows indicate known or presumed source of signals
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colonies produce distinctive sounds that 
elicit royal treatment from their workers, 
the queens of M. sabuleti colonies make 
indistinguishable calls that presumably 
prompt the same enhanced on-guard 
behaviour from M. sabuleti workers as was 
observed in M. schencki. Thus in Myrmica 
ants, it appears that colony identity is 
established by distinctive semio-chemi-
cals,21 but the top hierarchical status of the 
queens within each colony is signalled, at 
least in part, by acoustics.9,10 The young 
stages of Maculinea appear to mimic both 
processes: caterpillars infiltrate and are 
accepted as members of host societies by 
employing chemical mimicry,15-17 but once 
established raise their social status above 
that of immature ants by using acoustical 
mimicry.9,10

Because acoustical mimicry of Myrmica 
by Maculinea signals caste rather than 
nest-mate recognition, and functions at a 
generic level, we consider it unlikely that 
local arms races between host and parasite 
will have evolved in this trait. We are, how-
ever, largely ignorant about how acousti-
cal communication functions even in ant 
societies. For example, this was the first 
unequivocal demonstration for any ant 
species that the queens produce different 
sounds from workers and that the work-
ers responded differently to them. Just 
how variably and how frequently different 
castes make distinctive sounds to elicit par-
ticular responses in undisturbed natural 
ant colonies are questions for future study. 
Moreover, acoustics, pheromones or tactile 
behaviour are known to be employed in 
combinations to moderate the information 
transmitted:3 if acoustical communication 
is more informative than was generally rec-
ognised, there may be further dimensions 
of sophistication available for information 
exchange between society members. If con-
firmed, it also seems likely that acoustical 
mimicry will have evolved in other groups 
of social parasite as a means of infiltrating 
or surviving within ant societies, particu-
larly in taxa, such as Staphilinid beetles 
and Orthoptera, where the non-parasitic 
species are capable of sound production.
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showed that Maculinea acoustics bore a 
much closer resemblance to Myrmica ant 
stridulations than did mutualistic species 
of lycaenid butterfly. However, the match 
between Maculinea mimic and Myrmica 
model appeared to exist at the generic 
rather than the species level. Recently, 
using modern recording equipment and 
benign ant cultures, we found that queen 
Myrmica schencki ants can generate quali-
tatively different stridulations to those of 
their workers, and that when the sounds of 
queen M. schencki were played to workers, 
they stationed themselves on and around 
the speakers in a characteristic on-guard 
posture to that adopted when protecting 
real queens.9 We also found that peaceful 
caterpillars and pupae of Maculinea rebeli 
emitted sounds that resembled those of 
their host in pulse length, dominant fre-
quency, and pulse repetition frequency, but 
both were significantly closer to queen ant 
calls than to those of worker ants (Fig. 1). 
Playing butterfly pupal sounds to worker 
ants resulted in the same enhanced on-
guard behaviour induced by queen ant 
sounds; so, to a lesser (and not statistically 
significant) extent, did those of the cater-
pillars.9 The closeness of mimicry achieved 
is remarkable given the different organs 
used by the butterfly to generate acoustics 
(Fig. 1): the ants rub a ridged sclerotised 
‘plectrum’ against a file on an adjacent 
segment; the butterfly pupa has a paired 
tooth-and-comb organ, again on opposite 
abdominal segments; but the soft-bodied 
caterpillar probably emits sounds by mus-
cular contractions and compressing air 
through trachaeae.9,20

Although the pupae of Maculinea arion
inhabit similar niches within host colonies 
to those of M. rebeli, we predicted that its 
caterpillars, as predatory social parasites 
of Myrmica sabuleti, would posses less 
well-developed acoustics than its closely 
integrated congener.10 We were incorrect. 
Although morphologically dissimilar, the 
two caterpillars produced closely over-
lapping sounds that could not be distin-
guished10 (Fig. 1). In fact the pupae of the 
two butterflies differed more, although 
the sample size is small. Again, just as the 
two types of mimic generated very similar 
sounds, so too did the same castes of their 
two model ant species.10 In other words, 
although queens in Myrmica schencki 




