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Abstract Species depending on specific biotic interactions
are particularly threatened by environmental changes.
Therefore, host dependency in species living in parasitic relationships is acknowledged as a crucial factor increasing climatic susceptibility and species decline. In Maculinea butterflies and Myrmica ants, a complex form of social parasitism
brings the butterflies into dependency of some few associated
ant species for reproductive success. We evaluated to what
extent these relations can be attributed to similarity in their
climatic niches and whether alterations in niche overlap might
foster the climatic susceptibility in Maculinea butterflies under future climate change. We show that the niches of ants and
butterflies differ significantly more than expected at random
corresponding to the observed flexibility in host exploitation.
Moreover, a generally low degree of niche overlap and similar
niche overlap scores between main and secondary host associations argue for a low host specificity of Maculinea butterflies. Pronounced range shifts and habitat retractions in all
species will result in severe spatial limitations of Maculinea
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species by the presence of their hosts. No tightening in any of
the host-parasite associations was detected under the pressure
of range restrictions. Niche overlap scores remain comparably
low in future scenarios and call for the possibility of extensive
host shifts between all related species. Therefore, the absence
of niche constraints might enable the parasites to extensively
shift among hosts to allow the co-occurrence of several
Maculinea species, in principle using the same host, and to
maintain viable populations under the pressure of limited distributions and changing environments.
Keywords Multiple host exploitation . Environmental niche
model . Host dependency . Myrmecophily .
Niche identity test . Schoener’s D

Introduction
Multiple biotic interactions have evolved between butterflies
and other species. Prominent examples are known for the
relationships of lycaenid butterflies with ants since long
(Fiedler 1991; Fiedler et al. 1996). Most of these interactions
are suggested to be mutualistic as butterfly larvae retrieve
protection against their natural enemies from ants and provide
nutrition in return. In Maculinea, a threatened Palearctic butterfly genus (Van Swaay et al. 2011)—formally included within the older genus Phengaris (Fric et al. 2007; for discussion
see Balletto et al. 2010; Ugelvig et al. 2011)—and Myrmica
ants, however, a complex form of social parasitism has developed, bringing the butterflies into a one-sided relationship of
dependency (Als et al. 2001, 2004; Thomas et al. 2005).
Such a parasitism in myrmecophilic behaviour is described
for five Maculinea species, being brood parasites of different
Myrmica ant species (see Fig. 1, Thomas et al. 1989; Wynhoff
1998; Jansen et al. 2011). Early larval stages of the butterflies
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are monophagous or oligophagous feeders on flower heads of
different plant genera (Gentiana, Origanum, Sanguisorba,
Thymus), which are flowering from early to late summer
(Thomas et al. 1998; Settele et al. 1999). After moulting to
the final instar, caterpillars are adopted by ants, apparently
mimicking their own larvae (Akino et al. 1999). Henceforth,
caterpillars live underground as social parasites in Myrmica
colonies until pupation for almost a year. They either are actively fed via regurgitation (‘cuckoo feeding’) or prey on the ant’s
brood (Elmes and Thomas 1992; Thomas and Wardlaw 1992).
With the aim to avoid being attacked by ‘their’ host ants,
Maculinea larvae biosynthesise cuticular hydrocarbon profiles
similar to their hosts (Akino et al. 1999). Since this kind of
chemical mimicry requires highly specific signals, Thomas
et al. (1989) proposed that strong host specificity should be
expected. Along with this, it has long been assumed that each
Maculinea species parasites on one particular Myrmica species,
perhaps even in the framework of a co-evolutionary relationship (Elmes et al. 2002; Thomas et al. 2005).
Host dependency in species living in a parasitic or symbiotic relationship is often used as example demonstrating increased climatic susceptibility (Thomas et al. 2011; Foden
et al. 2013). If closely interacting species differ in their physiological tolerances regarding changes in temperature regimes
and precipitation patterns, they might respond differently to
global change, and hereby, their relation might be driven out
of synchrony (e.g. by asynchronous alterations in distribution
patterns or phenology) (Parmesan 2006; Schweiger et al.
2008). Once losing the connection to its host, the depending
species might become extinct. Therefore, the magnitude in
which such a species is adversely impacted by temporal or
spatial asynchronies significantly depends on how tightly this
species is connected with its host. For the survival of their
offspring, Maculinea butterflies completely rely on the presence of Myrmica ants. Consequently, future population declines of Maculinea butterflies might also be affected by

Fig. 1 Associations of the parasitic Maculinea butterflies (left) with their
Myrmica host ant species (right). Solid lines indicate main host
associations; dashed lines represent secondary hosts
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climate-driven niche asynchronies of the butterflies and their
hosts.
In contrast to previous assumptions, recent field studies
have revealed that host exploitation by Maculinea seems to
be less specific than previously thought (Elmes et al. 1998;
Als et al. 2004; Tartally and Varga 2005; Jansen et al. 2011).
Thus, the different species prefer particular ant species but are
also able to switch to others, if necessary (Fig. 1). Such host
shifts have been documented for all Maculinea species, but
caterpillar survival rates are highest in their preferred host
colonies, suggesting that primary (or main) and secondary
hosts do exist (Elmes et al. 2004; Schönrogge et al. 2004;
Thomas et al. 2005). Thereby, the exploitation of primary
versus secondary hosts shows considerable geographic variation as shown for Maculinea alcon in Denmark and
Maculinea nausithous in the Carpathian Basin (Als et al.
2002; Tartally et al. 2008). To date, the mechanisms responsible for host shifts or multiple host use at one locality (Tartally
and Varga 2008) are still poorly understood, but these shifts
severely question the extinction forecasts derived from scenarios based on a strong host specificity of Maculinea butterflies.
In this context, environmental niche models (ENMs) have
emerged as powerful tools to address such ecological and
evolutionary questions over the last decade (Elith and
Leathwick 2009). Climatic parameters recorded at occurrence
sites of a respective species can be aggregated to develop a
specific ‘climatic niche’ of the given species (Peterson
et al. 2011). Based on this climatic niche, ENMs aim to
predict the ‘likelihood’ of a species’ potential occurrence across different geographic and temporal scales
(Franklin 2009; Peterson et al. 2011).
However, these tools of modelling so far have not been
applied to study the ecological synchronisation of social parasitism in butterflies. Given the hypothesis that the sympatric
occurrence of butterflies and host ants is driven by climatic
niche overlap, we here test whether and how the relation of
Maculinea butterflies and Myrmica ants can be attributed to a
similarity in their climatic niches. We developed ENMs of
associated Maculinea and Myrmica species (i) to assess the
similarities of their climatic niches and (ii) to identify their
niche overlap, today and when projected onto future conditions resulting from climate change. In this context, we evaluate whether the extinction risk of the butterflies might be
enhanced by increasing asynchronies of niches as climatic
responses of hosts and parasites. Hypothetically, the presence
of primary and secondary hosts in Maculinea species might
represent an adaptation enabling the parasite to extensively
shift among Myrmica species under the pressure of changing
environments, as e.g. climate. Therefore, an intensified exploitation of secondary hosts by Maculinea butterflies might be
expected under climate change, thus potentially decreasing the
parasites’ extinction risk and hence contradicting popular extinction scenarios.
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Material and methods
We conducted correlative species distribution models, thereby
using presence-only (versus absence) records and grid-based
climate surfaces for four Maculinea butterfly and their
Myrmica host ant species (Fig. 1). Subsequently, niche similarities between parasites and host ants were assessed under
scenarios of current and future climates.
Species records
Occurrence data of butterfly and ant species were obtained
from the Global Biodiversity Information Facility (Gbif;
http://data.gbif.org, accessed November 2013). In order to
mirror the species’ entire current distributions, hence
delivering a maximum of information on each species’
fundamental niche, additional records were taken from the
literature and were supplemented by further geo-referenced
observations (A. Tartally, University of Debrecen, personal
communication). As the records of Maculinea rebeli available
in the Gbif database have been shown to represent mostly the
xerophilous ecotype of M. alcon, all available records were
combined for this study after critical screening and treated as
M. alcon (for further discussions of the M. alcon/M. rebeli
complex, see Sielezniew et al. 2012 and Tartally et al. 2014).
The distribution of Maculinea arionides was represented by
less than 30 records so that general assumptions for ENM
building were violated (e.g. Peterson et al. 2011). As a consequence, this Asian species was excluded from our study. All
available records were checked for spatial errors and georeferenced with DIVA-GIS 7.5.0 (Hijmans et al. 2002).
SDM assumptions were also violated as species’ records
were not randomly distributed over the respective species’
ranges. Spatially autocorrelated records suggest a certain degree of sampling bias leading to an overrepresentation of the
clumped records in the feature space (Hernandez et al. 2006;
Phillips and Dudík 2008; Wisz et al. 2008). Hence, we extracted the climatic variables used later on for ENM building from
the species’ records and performed a cluster analysis based on
Euclidean distances for each species. The resulting classes
were blunted at a threshold leaving between 60 and 500 classes. In total, we incorporated 780 unique distribution records
for the four remaining butterfly species and 1060 records for
the ant species included in this study. A complete list of all
occurrence records used for modelling is given in Online
Resource 1.
Climate data
Present-day climatic information was derived from the
WorldClim database (version 1.4, http://www.worldclim.org;
Hijmans et al. 2005). The database provides climatic variables
based on interpolations of the climatic conditions of the time
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period 1950–2000 with a spatial resolution of 30″ (Hijmans
et al. 2005). For ENM building, we used 19 ‘bioclim’
variables derived from the monthly temperature and rainfall
values in order to generate variables with higher biological
relevance (Busby 1991; Beaumont et al. 2005). These are
widely used in ecological modelling, as they are meant to
outperform monthly climate values being independent of
latitudinal variation.
Multicolinearity of climatic data and the inclusion of biologically less important variables can inflate ENM performance (e.g. Heikkinen et al. 2006). We therefore excluded
highly intercorrelated variables based on pairwise correlation
analyses (Pearsons’ correlation coefficient; R2 >0.75). The final climate dataset comprised the annual mean temperature
(bio1), the maximum temperature of the warmest month
(bio5), the minimum temperature of the coldest month
(bio6), the temperature annual range (bio7), the annual precipitation (bio12), the precipitation of the wettest month (bio13),
the precipitation of the driest month (bio14) and the precipitation seasonality (bio15). All variables were further selected
due to their expected influence on the butterflies’ or ants’ life
history (Bink 1992).
Climate change scenarios were obtained with a spatial resolution of 2.5′ from the GCM data portal (http://www.ccafsclimate.org). Species future distributions were assessed using
the IPCC Fourth Assessment storyline A2a for the year 2080
based on the Global Circulation Model HADCM3. Storyline
A2a assumes a heterogeneous world with pronounced local
differences in productivity and development and a
continuously increasing population. It indicates a
preservation of local identities leading to a regionally
oriented economic development with slower economic
growth compared to other storylines. A basic assumption of
this storyline is a medium increase in CO2 with a pronounced
rise of the global surface temperature by about 3.4 °C (±2.0–5.
4 °C) until 2100 (IPCC 2007).
Environmental niche models
Potential current and future distributions of Maculinea butterflies and their associated Myrmica ant species were estimated
using Maxent 3.3.3 k, a machine learning algorithm based on
the principles of maximum entropy (Phillips et al. 2006;
Phillips and Dudík 2008; Elith et al. 2011). Maxent is a presence-only/background method (Peterson et al. 2011), which is
considered to outperform other modelling algorithms aiming
at climatic niches especially when the number of presence
records is low. We ran Maxent under standard settings, i.e.
randomly splitting the dataset into 70 % training and 30 %
testing subsets using a bootstrap approach, with 10,000 background points and 100 replicate runs to average model output.
A non-fixed threshold for identifying suitable areas as suggested by Morán-Ordóñez et al. (2012) was used, setting the
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‘equate entropy of thresholded and original distributions logistic threshold’ as presence/absence threshold.
Model accuracy was tested calculating the ‘area under the
receiver operation characteristic curve’ (AUC) as implemented in Maxent. Following the classification of Swets (1988)
and Araújo et al. (2005), AUC values range between 0.5 for
models with no predictive ability and 1.0 for models giving
perfect predictions; hereby, values >0.9 describe a ‘very
good’, >0.8 a ‘good’ and >0.7 a ‘useable’ discrimination ability of the model and allow to assess the ability of the model to
distinguish between species records and background data (Phillips et al. 2006). Maxent outputs were displayed
in logistic format classifying the area of interest by
means of the predicted environmental suitability from
0 (unsuitable conditions) to 1 (optimal conditions).
These classifications were subsequently mapped in
DIVA-GIS 7.5.0 (Hijmans et al. 2002).
Niche overlap metrics
To compare the potential distributions of butterfly and ant
species derived from the ENMs, we calculated Schoener’s D
as recently suggested for ENM comparisons implemented in
ENMTools 1.4.3 (Warren et al. 2008, 2010). This metric is
acknowledged to be a standard tool to measure the proportional similarity of the observed niches making it comparable to a
percentage overlap (Kohn and Riggs 1982; Rödder and Engler
2011; Broennimann et al. 2012). It describes the degree of
similarity of potential distributions by comparing corresponding values per cell of two grids and ranges linearly from 0 (no
similarity) to 1 (two grids are identical). We computed the
proportion of niche overlap between all species as proposed
by Warren et al. (2008, 2010). To facilitate the interpretation
of results, we subsequently condensed the output into five
classes as suggested by Rödder and Engler (2011): 0–0.2=
no or very limited overlap, 0.2–0.4=low overlap, 0.4–0.6=
moderate overlap, 0.6–0.8=high overlap and 0.8–1.0=very
high overlap.
Niche identity test
To test for niche equivalency, we created 50 pseudoreplicate
datasets of the same size as the original dataset by randomly
pooling the empirical occurrence records using ENMTools
1.4.3 (Warren et al. 2008, 2010). Subsequently, we conducted
new ENMs of each pseudoreplicate and calculated pairwise
identity tests for each pair of occurrence records based on the
same climatic layers already previously used. The 95 % percentiles of the computed null distributions were compared to
the observed niche overlap metrics in a one-tailed test using
PAST 2.16 (Hammer et al. 2001). This allows for an evaluation of the hypothesis that niche properties of main and secondary hosts are significantly different.
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Results
All ENMs performed ‘good’ to ‘very good’ according to
Swets (1988) with an average test AUC value of 0.875. All
species modelled within this study received AUC values >0.8.
Estimated distribution maps based on these ENMs matched
quite well the current realised distributions of the analysed
species in western Eurasia and revealed clear geographic
overlaps of the parasitic butterflies with their respective
host ant species. However, no differences in range overlaps were observed between associations with main and
secondary hosts (Fig. 2). Secondary host ants showed
similar or even more range overlap with their respective
parasitic butterfly species under current climatic conditions than main hosts.
These findings were supported by Schoener’s D niche
overlap scores, which ranged from 0.45 to 0.76 (Table 1) indicating a moderate to high overlap in the fundamental climatic niche dimensions of all species analysed. As should be
expected, highest niche overlap scores were detected for species also showing the largest overlaps in their estimated potential distributions. Again, main host associations did not
show larger niche overlaps with their respective butterfly species than secondary hosts. In contrast, secondary host associations revealed similar or even higher niche overlap scores
than main host associations in all Maculinea species
(Table 1, see also Fig. 3).
By comparing the overlap between ENM models generated from the actual data for each species and niche
overlap scores derived from null models drawn from the
same distribution, niche identity tests revealed that fundamental niches of hosts and parasites even differed
significantly more than expected by chance in all species (one-tailed t test: p<0.01). These results amounted
to reject the hypothesis of niche identity between
Maculinea butterflies and Myrmica ants.
Under the A2a climate change scenario, remarkable range
expansions to higher latitudes became evident for all species
analysed. These expansions at the northern edge of the distributions were accompanied by range retractions in the south,
leaving only habitats in northern Eurasia and higher altitudes
of the Eurasian mountain ranges to Maculinea butterflies. In
all parts of the putative, climate-driven future distributions, the
parasitic butterflies showed clear range overlap with their
main as well as secondary host ants. In doing so, main and
secondary host associations showed comparable range overlaps (Fig. 4). However, the areas of range overlap between
hosts and parasites might decrease in all Maculinea species
in the future. Only for the two Maculinea species associated
with Myrmica rubra, remarkably larger distributions than for
the other Maculinea species might occur, with comparatively
larger areas of range overlap between hosts and parasites under climate change scenarios.

Niche overlap and host specificity in parasitic Maculinea butterflies (Lepidoptera: Lycaenidae) as a ...
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Fig. 2 Estimated potential distributions of Maculinea butterflies (light grey) and Myrmica ants (dark grey) under current climatic conditions show large
geographic overlaps of the butterfly species with their respective main (red) and secondary hosts (orange)

Under the climatic conditions predicted for 2080, only
slight differences in niche overlap scores compared to present
days were obtained by our models. Schoener’s D values
ranged between 0.43 and 0.80 and hence indicated moderate
to high niche overlap between all species observed under
changing environments (Table 2, see also Fig. 5). For 2080,
a slight decrease of niche overlap was predicted for
M. nausithous with all host ant species and also for the majority of the M. alcon hosts. Changes in Schoener’s D values in
Maculinea teleius also appeared non-directional. In contrast, a
marginal increase in niche overlap scores was argued for

Maculinea arion. Overall, no clear tendency towards an increase or decrease of niche overlap with main or secondary
hosts became evident with respect to all Maculinea species
under future climate change.
Likewise, niche identity between hosts and parasites
could be excluded under climate change. Niche identity
tests revealed highly significant differences in fundamental niche space in all species (one-tailed t test:
p < 0.01). Hence, these results negated potential niche
shifts towards a higher niche similarity in certain host
associations under changing environments.

Table 1 Niche overlap in terms of Schoener’s index (D) between Maculinea parasites and their associated Myrmica host ants derived from present-day
environmental niche models
Species

Myrmica rubra

Myrmica ruginodis

Myrmica scabrinodis

Myrmica sabuleti

Myrmica schencki

Maculinea alcon
Maculinea arion
Maculinea nausithous

0.57

0.55

0.60

0.47
0.58

0.55
0.57

0.72

0.47

0.47

Maculinea teleius

0.76

0.47

0.45

0.48

Niche overlap scores of main host associations are given in italics. All fundamental niches of hosts and parasites differ significantly more than expected at
random (one-tailed t test: p<0.01)
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Fig. 3 Niche identity tests of Maculinea/Myrmica host associations
under current climate. The red arrow indicates the measured niche
overlap between hosts and parasites derived from ENMs generated

from the actual data for each species, and the histogram illustrates the
distribution of overlaps from pseudoreplicates

Discussion

Our results indicate that all Maculinea butterfly species
studied here are likely to hold their connection to all of their
hosts and to keep comparable niche overlaps over time.
Nevertheless, they still might become critically endangered
by future climatic and hence environmental changes. The
realised distributions of Maculinea butterflies are clearly influenced by their niche overlaps with their respective host
ants. Our ENMs show that Maculinea might have a greater
potential to survive in or to colonise larger parts of Eurasia
based on their climatic niche space but are spatially limited by
their host ants. In addition, the predicted range shifts might be
severely limited by the distribution of the initial larval host
plants, all of them being elements of open landscapes and not
forests. This is of particular importance, as it seems unlikely
that the boreal forest zone will be replaced by open grasslands
or meadows, which currently represent suitable habitats for
Maculinea species. That means that the realised niches of
Maculinea species essentially differ from the climatically possible (fundamental) niches so that the geographic limitation of
Maculinea butterflies might be even more pronounced in the
future. For 2080, smaller spatial overlaps than today were
predicted where two associated species might co-occur.
Hence, the high dependency of these butterfly species on
Myrmica ants for their larval development might considerably
restrict their area of distribution in the future. This more limited niche overlap therefore might impose considerable pressure on Maculinea butterflies (Kaltz and Shykoff 1998;
Ridley 2004).

In Maculinea butterflies and Myrmica ants, a complex hostparasite system has evolved forcing the butterflies into dependency on some few associated ant species for reproductive
success. We evaluated to what extent the relation of butterflies
and ants can be attributed to a similarity in their climatic
niches and how the host dependency in these parasitic species
might foster their climatic susceptibility in the future.
Recent climate change has already altered the distribution
and ecological behaviour of many species (Parmesan 2006;
Chen et al. 2011; Devictor et al. 2012), and especially insects
react particularly quickly to climatic alterations (Thomas et al.
2004; Devictor et al. 2012). In this context, ensembles of associated species are known to be particularly vulnerable to
environmental changes (Schweiger et al. 2008; Settele and
Kühn 2009). Recent studies have shown that geographic
ranges of interacting species might become substantially mismatched under future climatic conditions if these species
should react differently to environmental changes (Schweiger
et al. 2008). As the fundamental niches of Maculinea butterflies and Myrmica ants differ significantly, future spatial mismatches in niche space of hosts and parasites, e.g. in the way of
departing niches, might considerably pressurize these butterfly
species. On the other hand, the extinction risk of Maculinea
butterflies might be considerably released if niche overlap between hosts and parasites and thus also the frequency of
change of main host to secondary hosts increase in the future.
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Fig. 4 Estimated potential distributions of Maculinea butterflies (light
grey) and Myrmica ants (dark grey) under the A2a climate change
scenario in 2080 show large geographic overlaps of the butterfly

species with their main (red) and secondary hosts (orange).
Considerable northward habitat shifts and range retractions become
evident in all species

Under environmental changes, this might result in severe
range retractions and even regional extinction events, especially if taking dispersal limitations into account that might,
in particular, result from land use changes and an increasingly
productive agriculture. Thus, the greatest declines of
European butterflies over the last decades have already been
recorded for myrmecophilic species (Thomas et al. 2005).
Severe declines and a first extinction event in Britain have
been documented for the Large Blue M. arion, which is expected to generally suffer from habitat loss and climate change
(Thomas et al. 2009). This goes in line with the general rarity

of all Maculinea species and might already today explain the
necessity to shift to alternative hosts (Munguira and Martín
1999; Settele et al. 2002; Thomas and Settele 2004; IUCN
2007; Wilson and Maclean 2011; Van Swaay et al. 2011). In
case of a habitat shift of one primary host species, the vital
spatial correlation between host and parasite might break up,
but a secondary host species might substitute the former host’s
niche (Jansen et al. 2011).
With regard to their high dependency on biotic interactions
for successful reproduction and restrictions in habitat exploitation, host shifts among different ant species seem plausible

Table 2 Niche overlap in terms of Schoener’s index (D) between Maculinea parasites and their associated Myrmica host ants derived from
environmental niche models under the A2a climate change scenario for 2080
Species

Myrmica rubra

Myrmica ruginodis

Myrmica scabrinodis

Myrmica sabuleti

Myrmica schencki

Maculinea alcon
Maculinea arion

0.68**

0.55**

0.55**

0.57**
0.63**

0.57**
0.58**

Maculinea nausithous
Maculinea teleius

0.70**
0.80*

0.44**
0.43**

0.46**
0.43**

0.57**

Niche overlap scores of main host associations are given in italics
Asterisks indicate that fundamental niches of hosts and parasites differ significantly more than expected at random (one-tailed t test: **p<0.01; *p<0.05)
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Fig. 5 Niche identity tests of Maculinea/Myrmica host associations
under the A2a climate change scenario for 2080. The red arrow
indicates the measured niche overlap between hosts and parasites

derived from ENMs generated from the actual data for each species,
and the histogram illustrates the distribution of overlaps from
pseudoreplicates

in terms of maximizing reproductive success. Host exploitation in Maculinea is, even locally, rather flexible (Tartally
et al. 2008) and obviously not determined by niche constraints. The observed niche overlap pattern indicates no preference between main and secondary host species, but allows a
high flexibility in host exploitation. Each Maculinea species
has the ability to switch among hosts, although fewer larvae
adopted by suboptimal host ant species might survive
(Thomas et al. 1989; Als et al. 2001; Elmes et al. 2004).
Even multiple host exploitation is occasionally tolerated as
larvae of several Maculinea species were found within one
single ant colony (Tartally and Varga 2008).
The generally low degree of niche overlap observed between butterflies and ants argues for a low host specificity of
Maculinea butterflies. In contrast, recent studies have shown a
high degree of physiological specialisation of Maculinea species to their hosts, making it locally impossible to infiltrate and
exploit non-host colonies (Thomas et al. 1989; Akino et al.
1999; Schönrogge et al. 2004; Thomas et al. 2005). This specialisation, in principle, should make each butterfly species
incompatible with Myrmica species considerably differing in
physiology and social behaviour from their own host species
(Thomas et al. 2012), thus also being expressed in higher
niche overlap scores. However, physiological specialisation
is not addressed by our niche overlap measures only taking
the Grinnellian niche space into account (Peterson et al. 2011).
The observed niche overlap scores in the Grinnellian niche
dimensions between main and secondary host associations

correspond with the actual flexibility in host exploitation. As
all Maculinea butterfly species show considerable niche and
range overlap among each other (Fig. 2; see also Kudrna et al.
2011), local host switches might be necessary to reduce or
even avoid interspecific competition. Therefore, physiological
analogies in main and secondary host species and the lack of
niche constraints might enable or at least facilitate host
switches (Jansen et al. 2011), thus locally allowing the cooccurrence of different Maculinea species, in principle using
the same host ant species (Tartally and Varga 2008; Tartally
et al. 2008).
It might therefore be expected that the ability of Maculinea
butterflies to exploit multiple hosts is not an evolutionary
young phenomenon, but probably a result of adaptive convergence (Elmes et al. 1998; Foitzik et al. 2003; Als et al. 2004;
Nash et al. 2008). However, taking the ecology, physiology
and social organisation of the respective hosts into account, it
seems unlikely that the extreme adaptations required to exploit
them are expressed by phenotypes of a single species
(Schönrogge et al. 2002).
Currently, host switches at the local scale are supported by
large spatial overlaps in the distributions of butterflies and ants
over large parts of Eurasia (Fig. 2). However, physiology and
ecology of the parasitic butterflies show locally distinct geographic variation (Jansen et al. 2011; Thomas et al. 2012).
This goes in line with geographically varying exploitation of
main or secondary hosts (Elmes et al. 1994; Als et al. 2002). It
might therefore be assumed that each butterfly species
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exploits hosts that locally occupy slightly different niches,
thus enabling the parasites to significantly enlarging their
ranges by minimising interspecific competition. Thus, optimum habitats for Myrmica sabuleti, Myrmica scabrinodis
and Myrmica schencki might locally differ significantly in turf
height and grazing intensity but might altogether be suitable
for the xerophilic ecomorph of M. alcon on a larger geographic scale (Thomas et al. 2012). This might also explain why our
ENMs show large range overlaps between butterflies and ants
despite comparatively low niche overlap scores.
However, these significant differences in habitat requirements must also be considered when fitting conservation measures for Maculinea butterflies regarding the predicted habitat
losses in the future. Many conservation strategies were focused on the egg-laying behaviour in relation to the host plants
of Maculinea. However, their Myrmica host ants were only
relatively recently taken into account, although many
Maculinea population alterations can be attributed to population dynamics of the respective host ants (Elmes et al. 1998).
As a consequence, mirroring their high host dependency in
terms of niche overlap, conserving the butterflies also means
creating long-term optimum habitats for their host ant species
(Elmes and Thomas 1992; Settele and Kühn 2009; Thomas
et al. 2009). Nevertheless, applying similar management strategies all over a butterflies’ range might promote the occurrence of one host species at one place but yet cause population
extinctions of another host elsewhere. As all Maculinea species are expected to suffer severely from habitat loss in the
future, the successful conservation of these butterflies might
highly depend on locally adjusted management strategies
aiming at a maximum exploitation of their host ant’s niche.
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