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Local host ant specificity of Phengaris (Maculinea)
teleius butterfly, an obligatory social parasite
of Myrmica ants
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Abstract. 1. Phengaris butterflies are obligatory social parasites of Myrmica ants.
Early research suggested that there is a different Myrmica host species for each of
the five European Phengaris social parasites, but more recent studies have shown that
this was an oversimplification.

2. The pattern of host ant specificity within a Phengaris teleius metapopulation from
southern Poland is reported. A combination of studying the frequency distribution of
Phengaris occurrence and morphometrics on adult butterflies were used to test whether
use of different host species is reflected in larval development.

3. Phengaris teleius larvae were found to survive in colonies of four Myrmica
species: M. scabrinodis, M. rubra, M. ruginodis, and M. rugulosa. Myrmica
scabrinodis was the most abundant species under the host plant but the percentage
of infested nests was similar to other host ant species at two sites and lower in
comparison to nests of M. rubra and M. ruginodis at the other two sites. Morphometric
measurements of adult butterflies reared by wild colonies of M. scabrinodis and
M. ruginodis showed that wing size and number of wing spots were slightly greater
for adults eclosing from nests of M. ruginodis.

4. Our results suggest that P. teleius in the populations studied is less specialised
than previously suggested. The results are consistent with the hypothesis that P. teleius
is expected to be the least specific of the European Phengaris species, as it has the
largest and best defended fourth-instar caterpillars and, as a predatory species, it spends
less time in the central larval chambers of the host colonies. The fact that individuals
reared by M. ruginodis had wider hind wings may suggest that P. teleius had better
access to resources in M. ruginodis than in M. scabrinodis colonies.
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Introduction

Species associated with ants, so called myrmecophiles, are
taxonomically diverse including organisms from different king-
doms (Hölldobler & Wilson, 1990). Elmes (1996) calculated
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that about 100 000 species of myrmecophiles exist among
insects, and in the butterfly family Lycaenidae (more than
6000 species) the majority of species are associated with ants
to some degree (Fiedler, 1991; Pierce et al., 2002). Most of
these relationships are mutualistic (Pierce, 1987; Fiedler, 1991)
although a small number are socially parasitic.

The most specialised social parasites among Lycaenidae
belong to the genus Phengaris Doherty, 1891 (the senior
synonym of Maculinea van Eecke, 1915, see Fric et al.,
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2007) and all the known species of European Phengaris are
obligatory social parasites in ant colonies of the genus Myrmica
Latreille. The life cycle of all these species involves larvae
feeding on specific food-plants until the fourth instar, which
is adopted into nests of Myrmica ants. Larvae stay in the
nests for 11–23 months as social parasites (Thomas et al.,
1998; Schönrogge et al., 2000; Witek et al., 2006) exploiting
their hosts in different ways (Thomas & Elmes, 1998). Larvae
of Phengaris rebeli Hirsche and Phengaris alcon Denis &
Schiffermüller (cuckoo species) are mostly fed directly by ant
workers, larvae of Phengaris arion Linnaeus and Phengaris
teleius Bergsträsser (predatory species) prey on Myrmica
brood, while Phengaris nausithous Bergsträsser displays
characteristics of both strategies (Thomas et al., 1998). Among
the five European species the predatory lifestyle is thought to
be phylogenetically the most basal (Als et al., 2004).

Early research suggested there is a different Myrmica host
ant species for each of the five European Phengaris social
parasites (Thomas et al., 1989). More recent studies have
shown that this was an oversimplification. It has been shown
that apart from infiltrating colonies of the main, primary host
species, Phengaris larvae are found occasionally in nests of
other Myrmica species, often referred to as secondary hosts.
The term secondary not only means that these infiltrations
are rarer events, but that the survival of butterfly caterpillars
reared in secondary host colonies is so low that the population
intrinsic rate of growth is <1, i.e. the butterfly populations
are not able to persist using only secondary hosts (Thomas
et al., 2005a). To date, this has been demonstrated for P. rebeli
in Spain and France and for P. arion in the U.K. (Elmes
& Thomas, 1992; Thomas et al., 1998, 2005b). Most studies
trying to establish host specificity patterns recorded the
frequency distribution of Phengaris overwintered larvae and
pupae across the host ant species with which they were
found (Elmes et al., 1994; Stankiewicz & Sielezniew, 2002;
Tartally & Csösz, 2004; Witek et al., 2008). Other studies
have focused on chemical and acoustical mimicry employed
by Phengaris, or the ant rearing behaviour and Phengaris
survival (Schönrogge et al., 2004; Nash et al., 2008; Barbero
et al., 2009a,b).

Here we use Phengaris teleius to test a prediction from
a general hypothesis on host specificity in myrmecophiles
proposed by Thomas et al. (2005a), by a combination of
studying the frequency distribution of Phengaris occurrence in
host nests and morphometric measures from adult butterflies
reared by the different Myrmica species. It was suggested
that myrmecophile host specificity reflects the vulnerability of
the life-history stage infiltrating the host ant society and the
depth to which an ant colony is penetrated (Thomas et al.,
2005b). While the life-history stage at the time of infiltration,
the fourth larval instar, is the same among all Phengaris
species, P. teleius larvae are about three times larger than
those of other Phengaris species. This and the fact that they,
like P. arion, do not integrate into the ant colony hierarchy
(Thomas et al., 1998), suggest that P. teleius larvae are well
protected against ant attack and predicts that it should be
the most generalist Phengaris species (Thomas et al., 2005a;
Śliwinska et al., 2006).

Here we report on patterns of host specificity within a
metapopulation (Nowicki et al., 2007) of P. teleius in southern
Poland. If P. teleius can survive with some Myrmica species
by being merely tolerated (secondary hosts) as suggested by
Schönrogge et al. (2004), while gaining high status and thus
the attention of tending ants with a primary host species
(Thomas et al., 2005b), the difference in treatment should be
reflected in the morphology and condition of emerging adults.
We therefore studied the frequency distribution of host ant
infiltration by P. teleius and investigated whether the most fre-
quently attacked host ant species produced larger or heavier
Phengaris adults.

Materials and methods

Study sites

The study was conducted on a wet meadow complex located
in the Vistula river valley in southern Poland (50◦01′N,
19◦54′E), 4 km south-west of Kraków. Within this complex
there are more than 60 patches of Sanguisorba officinalis
Linnaeus – the food plant of P. teleius, occupied by a large
metapopulation of this butterfly (Nowicki et al., 2007). Data
presented in this paper were collected at four patches referred
to as 1, 2, 3, and 4 (Fig. 1) with areas of 6.24, 33.3, 26.48, and
1.34 ha respectively. The patches 1 and 2 are partly isolated
by a motorway and site 3 is partly isolated by a road and reeds.

Field collection and larval development of Phengaris teleius

Field sampling was conducted in 2003 and 2004 from mid
June to the beginning of July, i.e. shortly before the butterflies
start to eclose. At every patch investigated, Myrmica nests
were searched within a distance of 2 m from P. teleius food
plants (S. officinalis), which is the average foraging distance of
Myrmica ants (Elmes et al., 1998). This procedure ensured that
all examined nests were potentially available for parasitism by
butterfly larvae. All Myrmica nests encountered were opened
to check for the presence of P . teleius larvae or pupae without
a full excavation of the nest, which would have destroyed it.

All larvae and pupae found were counted and weighed
immediately with 0.1 mg precision (Radwag analytical bal-
ance). Subsequently, they were placed in small plastic boxes
with a moistened sponge and kept at 20 ◦C until butterfly eclo-
sion (Nowicki et al., 2005). Data on larval body mass distribu-
tion have been presented elsewhere (Witek et al., 2006). From
each Myrmica nest, 10–20 ant workers were collected and pre-
served in alcohol. We used identification keys by Czechowski
et al. (2002) for Myrmica ants and Śliwinska et al. (2006) for
Phengaris species.

Morphometric analysis of adults

Pre-pupal larvae and pupae of P. teleius were collected at
site 3 from 13 June to 8 July 2003 and were reared to eclosion
in the laboratory. A total of 63 butterflies were obtained: 26 (14
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Fig. 1. The wet meadow complex in the Kraków region covered by Sanguisorba officinalis. Patches with detailed data on host ant use by Phengaris
teleius (1, 2, 3, 4) are marked. Pie charts for each population show the proportion of Myrmica nests of each species found within 2 m of a S.
officinalis plant (outer pie) and the proportion of infested nests of each Myrmica species among others (inner pie).

males and 12 females) from M. ruginodis nests, 32 (13 males
and 19 females) from M. scabrinodis nests, and 5 (3 males
and 2 females) from M. rubra nests. Directly after eclosion the
adult butterflies were weighed and their wings were removed
and digitally photographed using 10× enlargement under a
Nikon Eclipse 600 microscope.

The photographs of the wings were analysed using the
Idrisi 2.0 software (Eastman, 1997). The parameters measured
included the area, length and width of both the fore wing
and hind wing (Fig. S1). The number of eye-spots on each
wing was also recorded. In each case, the average value for
the left and right wing of a given individual was used for
the analysis. For each trait we also calculated the absolute
difference between left and right wing values as an index
of fluctuating asymmetry, possibly reflecting developmental
stress (Palmer & Strobeck, 1986). Finally, we applied three
composite indices of asymmetry developed by Leung et al.
(2000) across all the traits measured.

Host specificity and statistical analysis

Host ant specificity based on the information about propor-
tion of infested nests and proportion of reared larvae/pupae
by each Myrmica species were calculated using methods

described by Tartally et al. (2008). Here we assumed that the
proportion of caterpillars of P. teleius that were discovered by
different Myrmica species is equal to the proportion of nests
of a particular ant species found within 2 m from S. officinalis.
Host ant specificity at each site was calculated using the follow-
ing tests: Test 1: the proportion of available nests of each par-
ticular Myrmica species (expected value) were compared with
the proportion containing larvae/pupae of P. teleius (observed
value) by using Fisher exact tests, generalised to more than
two compared samples (see: www.quantitativeskills.com/sisa/).
Test 2: the number of Phengaris specimens was compared
between nests of different Myrmica species using a χ2 statis-
tic. The significance of the χ2-value was assessed against a
frequency distribution of chi-squares generated by randomly
assigning each Phengaris specimen to a nest at the site regard-
less of ant species 100 000 times (using the MacSamp pro-
gram, Nash, 2007). Test 3: the number of Phengaris specimens
between nests of different host species was compared using
χ2 statistic, the significance of which was tested by reassign-
ing each nest (with corresponding number of Phengaris larvae
inside) randomly to one of the Myrmica species observed at
a site, with the constraint that the total number of nests of
each species was the same as that observed, and calculating
the same χ2 statistic 100 000 times (using the MacSamp pro-
gram). Test 4: the number of Phengaris specimens within the
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Table 1. Host ant use by Phengaris teleius at four patches within a meadow complex in the Kraków region.

Patch Ant species
No. and % of
nests in habitat

No. and % of
nests infested

No. and %
of Phengaris P1 P2 P3 P4

1 M. scabrinodis 161 (83%) 19 (70%) 26 (63.5%) 0.006 0.008 0.095 0.118
M. rubra 25 (11.9%) 6 (23%) 12 (29.5%)
M. ruginodis 8 (4.1%) 2 (7%) 3 (5%)

2 M. scabrinodis 398 (58.4%) 25 (48.1%) 39 (48.8%) 0.321 0.132 0.424 0.485
M. rubra 236 (34.6%) 23 (44.3%) 36 (45%)
M. ruginodis 48 (7%) 4 (7.6%) 5 (6.2%)

3 M. scabrinodis 607 (77.8%) 78 (60.5%) 125 (54.6%) 0.002 <0.001 <0.001 <0.001
M. rubra 27 (3.5%) 14 (10.8%) 21 (9.2%)
M. ruginodis 146 (18.7%) 37 (28.7%) 83 (36.2%)

4 M. scabrinodis 28 (38.4%) 7 (43.7%) 11 (45.8%) 0.373 0.653 0.787 0.717
M. rubra 17 (23.2%) 4 (25%) 6 (25%)
M. rugulosa 28 (38.4%) 5 (31.3%) 7 (29.2%)

The numbers of Myrmica nests found at each site refer to the parts of meadows within 2 m distance from Sanguisorba officinalis food plant, and
the proportion of nests found for each species is given in parentheses. For each species the number of nests that contained P . teleius pupae and
their percentage of P . teleius infested nests are presented. P -values of Tests 1–4 (see Materials and methods for detailed description of tests and
P -values) are presented.

nests of each Myrmica species found was compared using a
general linear model with Poisson error structure, corrected for
overdispersion in the data (SPSS, version 16). This procedure
allows testing quantitative differences between the number of
Phengaris reared by different Myrmica host species.

One-way anova was used to assess the differences of
P. teleius pupal body mass reared by different host ant species
at each patch.

The morphometric traits of males and females obtained from
nests of M. ruginodis and M. scabrinodis were compared
using two-way anova. The sample from M. rubra nests was
regarded as too small to be included in the analysis. Although
eye-spot number is a discrete trait, its distribution did not differ
significantly from normality.

In order to check the possibility of a confounding effect
of different levels of intraspecific competition in nests of M.
ruginodis and M. scabrinodis on the recorded morphomet-
ric patterns, we tested for correlations between the number
of caterpillars found in nests and butterfly traits. However,
the results were well below the statistical significance level in
all the cases (maximum r = 0.183; P = 0.170 for hind wing
width). Similarly, there was no significant difference in the
time between collection in the field and eclosion in the labo-
ratory for individuals originating from nests of M. ruginodis
and M. scabrinodis (Mann–Whitney test: U = 68, P = 0.907;
medians = 27 and 23 days respectively for both ant species,
with lower and upper quartiles of 23–27 and 23–30 days).
Thus, it appears unlikely that the recorded morphometric pat-
terns are biased by differences in either competition level or
developmental stage at the time of collection.

Results

Host ant use and larval development of Phengaris teleius in
different host ant species

A total of 1729 Myrmica nests were found at the four
S. officinalis sites investigated in the Kraków region in 2003

and 2004. Four Myrmica species – M. scabrinodis , M. rubra,
M. ruginodis, and M. rugulosa Nylander – were recorded,
although only the first two were present at all sites (Table 1,
Fig. 1). Myrmica rugulosa was found at just one site, where it
was abundant (38% of all nests found), whereas M. ruginodis
occurred on three sites, but was only relatively numerous at
site 3 (about 20% of all nests found). All the Myrmica species
were found to be used as hosts by P. teleius wherever present
(Table 1, Fig. 1).

The percentage of infested nests was 14% for patch 1 and
7.6%, 16.5%, and 21.9% for patches 2, 3, and 4 respectively.
Fisher exact tests calculated at each site showed that at patch
1 and 3 the proportion of P. teleius larvae/pupae reared by
different host species were significantly different from that
predicted by the null hypothesis (Test 1; Table 1). Post hoc
pairwise comparisons of P1 value for site 1 (using Bonferroni
correction) indicated that infection of M. rubra nests was sig-
nificantly higher than nests of M. scabrinodis (P = 0.001) and
at patch 3 colonies of M. ruginodis had higher infection with
comparison to nests of M. scabrinodis (P = 0.001). Similar
results were obtained when the distribution was tested against
that expected if Phengaris samples were assigned to nests at
random (P2 value, Table 1). When differences between the
number of Phengaris specimens infested different Myrmica
host nests were compared (P3 and P4 values, Table 1) signif-
icant results were obtained only for patch 3.

The body mass of pupae collected in the field (N =
133) was analysed for each patch separately. There were
no differences in body mass among pupae reared by differ-
ent host species (all P -values > 0.4) although pupae from
M. scabrinodis nests were slightly lighter than those reared
by other host species at three of the four meadows. Compar-
ing the pupal body masses from nests of M. scabrinodis in
different patches, the only species present at all four, showed
no significant differences between patches (F(3,82) = 1.51,
P = 0.22).
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Table 2. Results of the two-way anova analysis of the adult traits of
Phengaris teleius originating from Myrmica ruginodis and Myrmica
scabrinodis (n = 26 and 32 respectively; thus d.f. = 1,54 for all
F -values).

Effect of ant host Effect of sex Interaction

Parameter F P F P F P

Body mass 3.49 0.068 31.37 <0.001 0.39 0.535
Forewing
Area 1.40 0.242 10.25 0.002 0.21 0.653
Length 0.39 0.536 5.87 0.019 0.01 0.918
Width 1.88 0.176 7.71 0.007 0.27 0.606
No. of eye-spots 2.86 0.096 0.13 0.724 0.08 0.782
Hind wing
Area 2.68 0.108 5.96 0.018 0.67 0.418
Length 0.02 0.879 1.53 0.221 0.01 0.907
Width 7.74 0.007 7.46 0.008 1.13 0.293
No. of eye-spots 5.16 0.027 5.93 0.018 0.73 0.396
Eclosion date 0.49 0.487 1.22 0.274 0.02 0.889

Morphometric analysis of adults

The results of the anova analysis revealed that P. teleius
females were considerably larger than males. Significant inter-
sex differences were found in most of the morphometric
traits analysed (Table 2). More interestingly, the hind wing
of P. teleius from M. ruginodis host colonies were signif-
icantly wider and had more eye-spots than those reared
by M. scabrinodis (Table 2). Although not significant (P =
0.068), individuals originating from M. ruginodis tended to be
heavier and eclosed slightly earlier than those from M. scabrin-
odis nests. On the other hand, there was no significant patterns
in fluctuating asymmetry among individuals of different origin
or sex (Table S1).

Discussion

In this study it was found that P. teleius larvae can survive
in colonies of four Myrmica species across a metapopulation,
and with three within an individual site (Nowicki et al., 2005,
2007). While 84% of P. teleius have previously been recorded
as developing in nests of M. scabrinodis from data collected
at multiple sites including our site 2 near Kraków (Thomas
et al., 1989), our results are much more varied and thus show
a lower level of host specificity. Myrmica scabrinodis was the
most frequent Myrmica species under the host plants at all
four sites. However, the rarer species can show very similar
or even higher infestation rates to M. scabrinodis. Possibly
more important, while M. scabrinodis produced the largest
proportion of P. teleius pupae at all four sites, the differences
were not significant at two sites and the proportions ranged
from 45.8 to 63.5% being reared in M. scabrinodis nests,
clearly lower than the 84% reported in earlier studies. Our
results are consistent with the hypothesis that P. teleius would
be expected to be the least specific of the Phengaris species,
as it has the largest (and arguably best defended) fourth-instar
caterpillars, and because as a predatory species, it spends

less time in the central larval chambers of the host colonies
(Thomas et al., 2005a; Śliwiñska et al., 2006).

To recognise and distinguish primary from secondary hosts
for Phengaris social parasites is important, because the
conservation of these rare and endangered species must be
based on promoting a robust population of the primary
host ant species in the habitat (Thomas et al., 1998, 2005b
Thomas & Settele 2004; Pech et al., 2007). The current
knowledge about host specificity patterns is based on different
types of evidence. Cuckoo feeding species such as P. rebeli
and P. alcon have regional host races (Als et al., 2002;
Thomas et al., 2005a), while P. nausithous is specific to
M. rubra throughout Europe with very few exceptions (Tartally
et al., 2008; Witek et al., 2008). Phengaris arion is possibly
the least studied species and was widely believed to be
specific to M. sabuleti, but has recently been found in nests
of five other Myrmica species in Poland (Sielezniew &
Stankiewicz, 2008; Sielezniew et al., 2010). There has been
some debate about the uncertainties of currently available
data. For instance phylogenetic analysis suggests that P. arion
may contain cryptic species, which if true might have
different host relationships (Als et al., 2004). Additionally,
there are various reasons why occupancy data could contain
biases (Thomas et al., 2005b) and it is possible that primary
hosts are not sufficiently available so that secondary hosts
are used more often, and in fact those populations are in
decline. However, in the absence of additional evidence such
scenarios are conjecture. Alternatively, studies have aimed
at a detailed understanding of the mimicry employed by
Phengaris to infiltrate host colonies and thus the mode of
interactions between caterpillars and host. To date, such studies
concentrated on the cuckoo feeding P. rebeli and P. alcon and
on patterns of chemical and acoustical mimicry (Schönrogge
et al., 2004; Nash et al., 2008; Barbero et al., 2009a; but see
Barbero et al., 2009b; Thomas et al., 2010) and ant adoption
and rearing behaviour (Als et al., 2001; Elmes et al., 2004).
These studies show that caterpillars are adopted more quickly
by primary host species, but also that Phengaris caterpillars
achieve high rank within the ant society of primary hosts after
adoption. In contrast, with secondary host species they appear
to survive because they are merely tolerated. If caterpillars are
treated and fed more favourably when they live with primary
host ant species, we would expect larger and heavier adult
butterflies from their colonies. After accounting for differences
among males and females, individuals reared by M. ruginodis
were found to have wider hind wings, and were slightly (if
not significantly) heavier than those reared by M. scabrinodis.
The fact that P. teleius was better resourced in M. ruginodis
colonies than in those of M. scabrinodis is perhaps due to the
size of M. ruginodis nests. As found by Skórka et al. (2006)
at the same study sites, nests of M. ruginodis generally consist
of a few thousand workers and are larger than M. scabrinodis
colonies. This leads to higher numbers of ant brood and thus
better resources for predatory larvae of P. teleius. On the other
hand, it is known that the foraging area of M. ruginodis
is larger than M. scabrinodis (Elmes et al., 1998), which
may result in a higher number of adopted P. teleius larvae.
Our results from site 3 indicate that the average number of
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caterpillars per infested nest was higher for M. ruginodis than
for M. scabrinodis nests (2.2 vs 1.6). This should balance, at
least partly, higher resource availability in M. ruginodis nests.

It is not clear whether M. ruginodis is the primary host
for P. teleius on the populations we studied. Phengaris teleius
generally rely less on a specific Myrmica species as host than
previously thought. Studies from east-central Europe showed
that eight different Myrmica species were used as hosts by
P. teleius (Stankiewicz & Sielezniew, 2002; Tartally & Varga,
2008; Witek et al., 2008). Myrmica ruginodis has previously
been found as a relatively abundant host species only in one
Ukrainian site (Witek et al., 2008). Other studies of Polish,
Hungarian, Slovenian, Ukrainian, and Romanian sites indicate
that M. scabrinodis is the most commonly used host species
of P. teleius, but that M. rubra can also be used and rear a
high proportion of P. teleius specimens if it is abundant on
the site (Stankiewicz & Sielezniew, 2002; Tartally & Varga,
2008; Witek et al., 2008). Generally, it is not obvious whether
the host-use pattern of P. teleius depends only on host ant
availability or whether there is specific adaptation to local host
ants. However, measuring the outcome of Phengaris –Myrmica
interactions to assess host specificity should avoid some of
the potential difficulties with occurrence frequency data and
differences in body mass or morphometrics, as we used them
here, and would be expected to be more pronounced the stricter
the relationships are. For conservation and habitat management
purposes it is crucial to know which Myrmica species supports
the largest fraction of a P. teleius population. Our results and
previous studies indicate that M. scabrinodis, M. rubra, and M.
ruginodis should be regarded as important hosts. Additionally,
M . rugulosa and M. gallienii may also be infested locally,
however their importance for the local population survival
is minor. Therefore, it should be concluded that the optimal
solution for P. teleius conservation is maintaining a mosaic of
microhabitats that could provide suitable conditions for differ-
ent Myrmica species serving as potential hosts of P. teleius.

If all the published results of data on host specificity
of European Phengaris species are taken at face value,
there appears to be an east–west and possibly north–south
gradient in host specificity across the European continent,
with species/populations in the west and north showing
higher levels of specificity than those in the south and east.
Such patterns could potentially arise if Phengaris species
experienced a similar phylogeographic history to other insects
species, such as cynipid gallers and associated parasitoids
where north–south movements during the inter-glacial periods
overlay an east–west movement following the colonisation
of Europe from Asia (Rokas et al., 2003; Stone et al., 2007;
Nicholls et al., 2010). Nash et al. (2008) demonstrated how
different local chemotypes can arise at sub-species levels in
P. alcon, which may facilitate host changes. It might then be
reasonable to expect that if genetic diversity decreases towards
the edge of the current distributions, adaptive flexibility may
also decrease limiting host switches.

To date, there is little information on phylogeographic pat-
terns for any Phengaris species and assessments of Phengaris
host specificity based on the outcome of parasite–host inter-
actions as described here need to be more extensive to judge

their relative usefulness. Such studies, however, are needed to
improve our understanding of the geographical patterns in the
ecology of these rare and endangered butterfly species and to
improve our ability to manage their conservation on a conti-
nental scale.
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corresponding author for the article.
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J. Settele, E. Kühn and J. A. Thomas), pp. 99–104. Pensoft, Sofia,
Bulgaria.

Thomas, J.A., Simcox, D.J. & Clarke, R.T. (2009) Successful con-
servation of a threatened Maculinea butterfly. Science, 325,
80–83.

Thomas, J.A., Schönrogge, K., Bonelli, S., Barbero, F. & Balletto, E.
(2010) Corruption of ant acoustical signals by mimetic social
parasites: Maculinea butterflies achieve elevated status in host

societies by mimicking the acoustics of queen ants. Communicative
and Integrative Biology, 3 (2), 1–4.

Witek, M., Sliwinska, E., Skorka, P., Nowicki, P., Settele, J. &
Woyciechowski, M. (2006) Polymorphic growth in larvae of Mac-
ulinea butterflies, as an example of biennialism in myrmecophilous
insects. Oecologia, 148, 729–733.
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