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Abstract The presence of annual and biennial individuals
within the same population has been recently demon-
strated in the myrmecophilous butterflies Maculinea re-
beli and Maculinea alcon, which present a cuckoo
strategy inside Myrmica nests, and Maculinea arion
which is a predatory species. Here, we present field and
laboratory data on polymorphic larval growth in two
other predatory species of Maculinea: M. teleius and
M. nausithous. Body mass distributions of pre-pupation
larvae were bimodal in both species. These results point
to the existence of larvae that develop in 1 or 2 years.
We also showed that the probability of pupation de-
pended on larval body mass. In the case of M. teleius,
the critical body mass at which larvae have a 50%
probability of pupation is about 80 mg. We suggest that
polymorphism in Maculinea may have evolved as an
adaptation to life in ant nests, a habitat which protects
them from predators and provides food. However, the
quality of this resource is highly variable and unpre-
dictable. According to the bet-hedging hypothesis, if the
habitat is unpredictable, females should have an
advantage by producing more variable offspring. In the
case of Maculinea butterflies, this may involve main-
taining larvae that develop in 1 or 2 years.
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Introduction

The presence of annual and biennial individuals within
the same population is very rare in the animal kingdom
and it has been found only in salmonid fish (Gross
1985), and Maculinea butterflies (Thomas et al. 1998a;
Schönrogge et al. 2000). Schönrogge et al. (2000) found
biennial larvae in the syrphid fly Microdon mutabilis,
although larvae which develop within 1 year have not
been confirmed for this species yet. The existence of bi-
ennialism in the Maculinea genus is surprising because
these species do not possess traits associated with pro-
longed growth in insects, such as a short seasonal
growth period, and a large body size, or feed onfood
which is not nutritious or inhabit a stable but inhospi-
table environment (Stearns 1992).

Maculinea butterflies possess highly specialised life
cycles (Thomas et al. 1998b). Young caterpillars first
feed on specific food plants, then drop to the ground and
are carried by Myrmica ant workers into their nests.
While living in Myrmica nests they feed in two different
ways. Caterpillars of M. rebeli and M. alcon mimic the
behaviour of ant grubs and are fed directly by nurse ants
(cuckoo species), whereas caterpillars of M. teleius and
M. arion prey on Myrmica brood (predatory species)
(Elmes et al. 1991; Thomas and Wardlaw 1992; Thomas
and Elmes 1998). M. nausithous is generally thought to
feed as a predator inside Myrmica nests, but it has also
certain characteristics typical of a cuckoo species (Fie-
dler 1990; Thomas and Elmes 1998). Predation is a less
efficient way of feeding compared to the cuckoo strategy
and results in high intra-specific competition and high
mortality of predacious caterpillars in the host ant nests
(Thomas and Wardlaw 1992; Thomas and Elmes 1998).
The caterpillars of cuckoo species are also integrated to
a greater extent in their host ant colonies and thus re-
ceive better protection than the predatory species
(Thomas et al. 1998a). These differences make bien-
nialism much more likely in cuckoo species than in
predatory ones (Thomas et al. 1998a).
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The existence of this phenomenon in Maculinea but-
terflies was initially confirmed for M. rebeli (Thomas
et al. 1998a) and later for M. alcon (Schönrogge et al.
2000). However, Schönrogge et al. (2000) also provided
evidence, though it was less strong than in the case of the
two cuckoo species, for biennialism in the predatory
species M. arion, and in the myrmecophilous syrphid fly,
M. mutabilis L., which spends its larval life inside an ant
nest and preys upon ant larvae (Elmes et al. 1999). Thus,
Schönrogge et al. (2000) hypothesised that polymorphic
growth rates may be a more general phenomenon in
myrmecophilous social parasites.

Proving that larval polymorphism exists in other
predatory species of Maculinea such as M. teleius and
M. nausithous appears crucial for validation of this
hypothesis. It may also shed light on the evolution of
this phenomenon in this genus. In this paper, we present
field and laboratory evidence for polymorphic growth in
larvae of M. teleius. We compare body mass of larvae
and pupae of M. teleius and assess the larval body mass
when it pupates. We also present field data suggesting
that larval polymorphism exists in M. nausithous larvae
as well.

Materials and methods

The study was conducted on a wet meadow complex
located in southern Poland (50�01¢N, 19�54¢E), 4 km
southwest of Kraków city centre (Figurny and Woycie-
chowski 1998). The meadows comprise over 200 ha
covered with Sanguisorba officinalis, the food plant of
M. teleius and M. nausithous. Myrmica ant nests were
searched for in 2003 and 2004 from June to the begin-
ning of July, shortly before the butterflies started to
eclose. Altogether 610 nests were found in 2003 and 1617
in 2004. All were opened to check for the presence of
M. teleius and M. nausithous caterpillars or pupae;
species identification was done using the key by
Sliwinska et al. (2006). The larvae and pupae were taken
to the laboratory where they were immediately weighed
with 0.1-mg precision using a Radwag analytical
balance. Subsequently, they were placed in small plastic
boxes with a moistened sponge and kept at 20�C until
butterfly eclosion. Larvae with body mass <60 mg
were initially stimulated to reach the pupal stage by
placing them together with ant workers and ant brood.
However, none of them pupated, so later we gave up
such attempts and used the small larvae for a genetic
study (the results of which will be published elsewhere).
The same happened to larvae which visibly suffered from
fungal infection or physical damage.

In addition, we analysed the body mass of M. teleius
larvae found in 94 Myrmica nests that were excavated in
mid August 2004 for an adoption experiment (the results
of which will be published elsewhere) as well as body
mass of M. teleius larvae used in this experiment that
were obtained from S. officinalis flower heads. During
the experiment, the larvae were kept in standard

laboratory ant nests under natural daily and seasonal
cycles of light and temperature (Wardlaw 1991; Ward-
law et al. 1998). For comparison, we used the body mass
of larvae recorded 5 weeks after adoption which corre-
sponded to the maximum possible age of the larvae
obtained from excavated nests in August provided that
they entered ant nests that summer. The maximum age
of caterpillars from excavated nests was estimated on the
basis of the known date of the start of the imago
flight period including 3 weeks of larval development in
S. officinalis flower heads.

All standard statistical tests were conducted with
Statistica 6.0 software (StatSoft 2003). Macdonald’s
(1980) optimisation routine was used for the analysis of
body mass distributions.

Results

The total number of larvae found was 200 for M. teleius
and 20 for M. nausithous. For pupae, the respective fig-
ures were 105 and 11. The Kolmogorov–Smirnov test
revealed no significant differences in body mass distri-
bution of larvae of M. teleius obtained from the nests of
different host ant species (D=0.28, P>0.05, in 2003;
D=0.17, P>0.05, in 2004) thus the data were pooled
together in all subsequent analyses. The body mass dis-
tributions of M. teleius larvae taken from wild host nests
at pre-pupation time clearly showed a bimodal pattern
(Fig. 1). According to Macdonald’s optimisation rou-
tine, these distributions were unlikely to originate from a
single normal distribution (v2=50.64, P<0.001 in 2003;
and v2=25.3, P=0.003 in 2004), but instead had a high
probability of originating from two normal distributions
(v2=16.86, P=0.39 in 2003; and v2=8.97, P=0.17 in
2004). The best-fit parameters (means±SE) of these
distributions were 27.9±16.15 mg for smaller larvae,
103.5±6.32 mg for bigger larvae in 2003; and, respec-
tively 55.9±35.7, 98.5±5.88 mg in 2004. Because the
caterpillars were collected in the pre-pupation period, we
conclude that the smaller larvae were 2-year developers
that had entered Myrmica nests in the previous season.
Despite the small sample size, a similar pattern could be
traced for M. nausithous (Fig. 2) with Macdonald’s
optimisation routine showing that data came rather from
two normal distributions (v2=9.68, P=0.14) than a
single one (v2=18.31, P=0.03). Mean body masses
(±SE) were 41.1±52.74 mg for smaller larvae, and
74.0±6.34 mg for bigger larvae.

In the laboratory experiment, none of the M. teleius
larvae reared in artificial Myrmica nests reached more
than 18 mg in their fifth week (Fig. 3). Meanwhile, seven
out of 23 larvae of this species found in the field in
August 2004 were heavier than 20 mg, and two of them
exceeded 30 mg, which may imply that they had been
developing in ant nests since the previous summer. In
contrast, it may seem striking that none of these larvae
reached the mean body mass estimated for smaller lar-
vae in late spring of the same year (see above); however,
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we believe that this is an artefact originating from very
limited precision of the estimate as well as a rather small
sample of August larvae.

Six larvae of M. teleius reared in the laboratory sur-
vived till spring 2005; they all weighed between 10 and
15 mg in April that year. One month later body mass of
three of them remained almost unchanged at 13–20 mg,
while the other three had grown rapidly reaching 45–
66 mg, which once again suggests the existence of slow-
and fast-developers among M. teleius larvae.

The comparison of M. teleius larvae that pupated in
the laboratory with those that failed to do so, showed
that the probability of pupation depended on larval
body mass (logistic regression, v2=34.18, df=1,
P<0.001 in 2003; v2=6.46, df=1, P<0.01 in 2004).
Hypothetical body mass corresponding to the 50%
probability of pupation was estimated at 107 and 88 mg
during 2 consecutive years. The smallest larvae that
pupated weighed 84.5 and 76.6 mg, respectively. They
were considerably heavier than the smallest pupae found
in ant nests (46 and 47.5 mg, respectively). However, it
must be noted that Maculinea larvae obviously lose
body mass during pupation (Thomas and Wardlaw
1992). For laboratory-reared M. teleius larvae, we re-
corded a significant body mass loss of up to 60.5 mg
between the larval and pupal stage (paired-sample t-test,
t39=4.64, P<0.001 in 2003; t40=4.72, P<0.001 in 2004.

Discussion

The previous studies of larval polymorphism in Macu-
linea butterflies proved that annual and biennial larvae
within the same population exist in two cuckoo-feeding
species of M. rebeli and M. alcon (Thomas et al. 1998a;
Schönrogge et al. 2000). Schönrogge et al. (2000) also
presented data for the presence of polymorphism in
M. arion larvae which behave as predators inside
Myrmica nests. Several of our results clearly show that
annual and biennial larvae exist within the same popu-
lations of M. teleius, another predatory species, and
M. nausithous, which shares characteristics of both
predatory and cuckoo species. An additional indication

Fig. 1 Body mass distribution of Maculinea teleius larvae (black
bars) and pupae (white bars) found in Myrmica ant nests in June
and early July in 2003 (n=85 larvae and 57 pupae), and in 2004
(n=115 larvae and 48 pupae)

Fig. 2 Body mass distribution of Maculinea nausithous larvae
(n=20, black bars) and pupae (n=11, white bars) found in
Myrmica ant nests in June and early July in 2003 and 2004

Fig. 3 Body mass distribution of M. teleius larvae found in
Myrmica ant nests in mid August 2004 (grey bars, n=23) and 5-
week-old larvae reared in artificial ant nests (black bars, n=50)
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of the existence of two larval cohorts in these species is
their bimodal patters of adult eclosion within a season
(Nowicki et al. 2005). All this implies that larval growth
polymorphism is present in all five European species of
Maculinea representing three types ofMaculinea–Myrmica
interactions. Consequently, we suggest similarly to
Schönrogge et al. (2000), that it is an evolutionary trait
common for the entire Maculinea genus and reflects
ancestral life history. Recent phylogenies of Maculinea
(Fiedler 1991; Als et al. 2004) indicate that their ances-
tors had a predatory strategy inside ant nests, just like
the contemporary M. arion and M. teleius.

Thomas et al. (1998a) have presented two possible
explanations for the evolution of larval polymorphism in
M. rebeli, which is a cuckoo species. The first relates to
ergonomic adaptation to its population structure and
style of feeding. According to current knowledge, we
conclude that the ergonomic hypothesis is not feasible,
because annual and biennial larvae exist in predatory
species as well. Another explanation given for poly-
morphic growth in Maculinea is associated with bet-
hedging benefits. Thomas et al. (1998a) pointed out that
individuals producing a mixture of 1- and 2-year devel-
oping larvae could benefit if occasional catastrophes in
their habitat occur or if there is strong pressure from
parasitoids. Recently, Hovestadt et al. (2005) developed
an ESS model for evolution of growth polymorphism in
M. rebeli and underlined that kin competition could be
an important driving factor in this respect. Such an
explanation may indeed be true for this particular spe-
cies as well as for M. alcon, which both oviposit their
eggs on gentian food plants that are often scarce and
grow in clumps, and consequently several sibling larvae
are likely to end up in the same ant nest. However, with
their S. officinalis food plant typically being relatively
abundant, females of M. teleius andM. nausithous rarely
lay more than one egg per single plant (Figurny and
Woyciechowski 1998). Hence the probability of kin
competition appears to be extremely low in these species.

We suggest that the quality of the ant nest, a funda-
mental source of food and protection for larvae, should
be more important. The quality of Myrmica nests can be
highly variable, thus nests may be treated as quite
unpredictable habitats for Maculinea larvae. Most
Myrmica nests are small colonies consisting of 200–500
workers (Elmes et al. 1998), but in many species large
colonies reaching >6,000 individuals may also be found
occasionally (Wardlaw and Elmes 1996). It seems that
variation in the size of nests is extremely high even
within a single Myrmica species (Skórka et al 2006). The
number of workers is correlated with the number of
brood ants (Elmes and Wardlaw 1981) and both these
traits have an effect on the survival of Maculinea larvae.
Caterpillars may be adopted by a large colony with en-
ough food for fast growth but may also end up in a small
colony where resources are limited. In the latter case,
there may be not enough food for fast development and
consequently 1 year is insufficient for pupation. Our
results indicate that the critical body mass at which

M. teleius larvae have a 50% probability of pupation
exceeds 80 mg (although this estimate should be treated
with caution, because it was obtained under laboratory
conditions that may different from the ones experienced
by larvae in the field). It is also known that Myrmica
colonies switch nest sites regularly (Elmes et al. 1998)
and very often disperse after their brood is destroyed,
e.g. by Maculinea parasitism (Thomas and Wardlaw
1992). Under these circumstances, the larvae are left
behind in the empty nests and have to wait until another
Myrmica colony arrives (Schönrogge et al. 2000) often
enduring a long period of starvation.

Taking all these facts into consideration it may be
beneficial for a single female to produce both 1- and 2-
year developing larvae. Because most Myrmica nests are
small, the majority of Maculinea larvae should be slow
developers. This prediction is confirmed by the findings
of Thomas et al. (1998a) according to which 75% of the
adult population of M. rebeli consists of individuals that
take 2 years to develop, and the remaining 25% take
1 year.

Finally, it has to be underlined that basically all the
arguments explaining evolutionary benefits of larval
polymorphism in Maculinea butterflies are also true for
any species of social parasites living in ant nests. As the
number of such insect species is close to 100,000
(Schönrogge et al. 2000) larval polymorphism is likely to
be much more widespread than initially expected.
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