
INTRODUCTION

Alcon Blues in Europe are generally treated as two dis-
tinct species: Maculinea alcon ([Denis & Schiffermüller],
1775) and M. rebeli (Hirschke, 1904), based on their ini-
tial food plants (Gentiana pneumonanthe vs. G. cruciata)
and host ant species (Berger, 1946; Elmes & Thomas
1987a, b; Thomas et al., 1989; Elmes et al., 1991a, b,
1994; Munguira & Martin, 1999). Other authors,
however, have considered them subspecies or ecological
races, which are only slightly differentiated morphologi-
cally and have overlapping characters. Thus, they are dif-
ficult to separate taxonomically (Bernardi, 1947; Beuret,
1949, 1954; Kaaber, 1964; Urbahn, 1964; Ebert & Renn-
wald, 1991). Moreover, Als et al. (2004) have recently
pointed out the expressed genetic similarity and lack of
phylogenetic differentiation among M. alcon and rebeli
populations. A similar conclusion was drawn in another
study, in which the phylogeny of the Maculinea species
was reconstructed using 91 morphological and ecological
characters (Pech et al., 2004). Nevertheless, the taxo-
nomic judgement is still confused since some authors
have described several subspecies of both “species” on
the basis of their geographical variability, mainly from
the Alps (Beuret, 1954) and mountainous areas of SE
Europe (Fruhstorfer, 1917; Rebel & Zerny, 1931; Szabó,
1956; Bálint, 1985, 1986).

As a consequence, there are contradictory statements in
the literature about the taxonomic status of the Alcon
Blues (M. alcon species group) in the Carpathian Basin.
Populations occurring in humid habitats of western and
central Hungary are generally treated as the nominotypic
M. alcon alcon ([Denis & Schiffermüller], 1775). In con-
trast, the populations living in xero-mesophilic habitats
are either identified as M. alcon curiosa (Szabó, 1956),
which was described from the Bükk Mts (Varga, 1961),
or M. rebeli xerophila (Berger, 1946) or even M.
xerophila (Bálint 1985, 1986). Populations of southern
Transdanubia and the calcareous habitats of Transylvania
are referred to either the balcanic M. alcon tolistus (Fruh-
storfer, 1917) or the endemic subspecies of the Transyl-
vanian mountains, M. alcon limitanea (Bálint, 1985). The
initial food-plant data and the external morphological
characters are, however, often contradictory. Some popu-
lations in NE Hungary (Zempléni Mts) using Gentiana
pneumonanthe as a food plant show “rebeloid”
characters, i.e. the females have a bluish “mirror” and
strong discal spots on the forewing. In contrast, the Tran-
sylvanian populations exploiting Gentiana cruciata usu-
ally have unicolorous blackish-brown “alconoid” females,
as do most of the Balcanic populations from the Slove-
nian Karst, Montenegro and northern Albania (see: M.
alcon sevastos (Rebel & Zerny, 1931)) and the moun-
taineous parts of western Bulgaria (Kolev, 2002).
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Gentiana pneumonanthe is generally considered to be
the initial food plant of M. alcon and Gentiana cruciata
of M. rebeli. Alternative food plants, have also been
reported recently (M. Dolek, pers. comm.; Sielezniew &
Stankiewicz, 2004; Z. Varga, pers. observ.). Both species
are obligatorily myrmecophilous and belong to the so
called cuckoo species. Their host ant specificity was con-
sidered to be the most significant evidence supporting
their ranking as separate species (Elmes & Thomas,
1987a, b; Thomas et al., 1989; Elmes et al., 1991a, b,
1994). In the Carpathian Basin, M. alcon mostly exploits
Myrmica scabrinodis sometimes My. salina and My. van-
deli. M. rebeli, however, uses several Myrmica species:
mainly My. scabrinodis, My. sabuleti and My. schencki
but sometimes also My. lonae and My. specioides (Tar-
tally & Cs sz, 2004; Tartally & Varga, 2006). These data
essentially coincide with the “multi-species” host ant use
of Austrian M. rebeli (Steiner et al., 2003; Schlick-Steiner
et al., 2004).

In our previous study (Bereczki et al., 2005), the
genetic structure of several Alcon Blue populations in
Central Europe was reported. The results of that survey
showed a high level of genetic differentiation among
samples, which did not exhibit an evident species pattern.
Moreover, the results of hierarchical F-statistics sug-
gested that the geographic pattern was slightly more
expressed in the between sample component of the
genetic variation than the one based on the use of initial
food plant (i.e. the traditional “species” pattern). We
therefore concluded that the genetic structure of the
Alcon Blue populations in Central Europe does not sup-
port the species status of M. alcon and M. rebeli, and ref-
ered to M. alcon as M. alcon “Pneumonanthe” type and
M. rebeli as M. alcon “Cruciata” type. The high level of
differentiation among the populations, without any clear
taxonomic or geographic pattern, was assumed to be a
consequence of strong genetic drift combined with local
adaptation. Supposing that the geographic structure of
genetic variation is the result of a balance between
genetic drift and migration, the lack of this structure
implies that differentiation is too strong to be counterbal-
anced by gene flow. For a particular species with given
dispersal ability the efficiency of migration is mostly
determined by the geographic distance between popula-
tions. Our previous results indicated that the distances
between the regions in Central Europe were too great, i.e.
the geographic scale of the survey was too large to detect
the genetic consequences of migration in the geographic
pattern of genetic variation. Accordingly, the aim of the
present study was to analyse the pattern of genetic differ-
entiation in Alcon Blue populations on a smaller geo-
graphic scale, e.g. within a region. Therefore, numerous
populations in Northern Hungary, which belonged to both
taxa and originated from several subregions were
sampled. This enabled us to compare the species and geo-
graphic structure of genetic variation within this region of
Central Europe.

MATERIAL AND METHODS

Samples

Both M. alcon “Pneumonanthe” and “Cruciata” type samples
were collected from four subregions of Northern Hungary:
Aggteleki Karst region and the Bükk, Mátra and Zempléni Mts
(Fig. 1). In addition, two samples were collected from an iso-
lated M. alcon “Pneumonanthe” type population near Fülesd on
the Bereg Plain. Altogether 21 samples were collected from 11
populations between 2000 and 2003 (Table 1). The samples
exhibited three different types of hierarchy: food plant/species
pattern (food plant, population), geographic (subregion, popula-
tion) and temporal (population, samples from a population taken
in different years) patterns. Imagines were collected after the
egg laying period in late June (M. alcon “Cruciata” type) or July
(M. alcon “Pneumonanthe” type) and stored at –80°C until
required for electrophoresis. Sample sizes varied between 10
and 54, according to the size of the populations.

Enzyme studies

Allozyme polymorphism was studied at 16 different loci by
vertical polyacrylamide gel electrophoresis: aconitase (Acon),
alkaline phosphatase (Acph), aldehyde oxidase (Aox), esterase
(Est), glutamate dehydrogenase (Gdh), glutamate oxalacetate
transaminase (Got-1, Got-2), glucose-6-phosphate dehydroge-
nase (G6pdh), -glycerophosphate dehydrogenase ( Gpdh),
hexokinase (Hk), isocitrate dehydrogenase (Idh), malate dehy-
drogenase (Mdh), malic enzyme (Me), phosphoglucose
isomerase (Pgi), phosphoglucomutase (Pgm), and superoxid dis-
mutase (Sod). Thoraxes homogenized in 300 µl of extraction
buffer were used to study Got-1, Got-2, Gpdh, G6pgdh, Hk,
Idh, Mdh, Me, Pgi, Pgm, and Sod. Abdomens homogenized in
200 µl of extraction buffer were used to analyse Acon, Acph,
Aox, Est, and Gdh. The extraction buffer, the electrophoresis
buffer systems and running conditions, together with the
staining solutions used for each enzyme were all used according
to Bereczki et al. (2005). Genotypes of the different individuals
were scored according to their enzyme pattern.

Statistical analyses

Genotype and allele frequencies were calculated on the basis
of banding patterns. Measures of genetic variation (average
number of alleles, proportion of polymorphic loci, average
observed heterozygosity, and number of multi-locus genotypes)
were calculated for each sample. Genetic differentiation among
the populations was first analysed by Wright’s F-statistics
(Wright, 1978; Weir, 1996). In this analysis, the total genetic
variation of the samples (FIT) is partitioned into within (FIS) and
between population components (FST). The analyses were done
using FSTAT version 1.2 (Goudet, 1995). An exact test for
population differentiation (Raymond & Rousset, 1995a) was
also conducted to test for independence of the allelic composi-
tion of the populations. Genepop, version 1.0 (Raymond &
Rousset, 1995b) was used to perform this test. Allele frequen-
cies were used to estimate Nei’s genetic distances (Nei, 1972)
and a UPGMA dendrogram (Sneath & Sokal, 1973) was con-
structed on the basis of this data. The computation of genetic
distances was performed using Biosys-1, Release 1.7 (Swofford
& Selander, 1981). The distribution of the total genetic variation
at various levels of the hierarchy was also studied using
AMOVA (Excoffier et al., 1992; Weir, 1996). As the samples
exhibited three different hierarchical patterns (food plant, geo-
graphic and temporal patterns) three series of hierarchical gene
diversity analyses were performed. AMOVA was done using
Arlequin ver 2.000 (Schneider et al., 2000). In the last part of
the study, a principal component analysis (PCA) was done using
the allele frequency data of the samples to show the size of
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overlap in the genetic variation of the populations in a reduced
space of variables. 95% ellipses were drawn by the programme,
which included 95% of the given samples. PCA analyses were
performed using R Package Version 4.0 (Casgrain & Legendre,
2001).

RESULTS

Three of the 16 loci (Gdh, G6pdh, Me) did not have
alternative alleles in any of the samples investigated. The
samples exhibited an average level of polymorphism.
Over all, the percentage of polymorphic loci was 34%
and the average frequency of heterozygotes was approxi-
mately 10% (Table 2). Heterozygote deficiency was
observed in almost all populations, which proved to be
significant in 5 cases out of the 11 (Table 3). The samples
were grouped in two ways. First, they were split
according to the initial food plant they use into “Pneu-
monanthe” and “Cruciata” type populations (Table 2).
The parameters of genetic variation indicated a slightly
higher level of polymorphism in the “Cruciata” type than
in the “Pneumonanthe” type populations (A–F1,19 = 11.23,
0.001 < P < 0.01; P–F1,19 = 0.95, 0.05 < P; G–F1,19 = 0.01,
0.05 < P) with the exception of the average frequency of
heterozygotes, which was relatively low and was coupled
with a higher level of heterozygote deficiency in these
populations. The next step was to sort the samples
according to the subregions from which they originated

(Table 2). The parameters did not show a clear-cut
regional picture. The highest percentage of polymorphic
loci was observed in the Bükk Mts (F4,16 = 2.42, 0.05 <
P), however, these populations had an average number of
multi locus genotypes and frequency of heterozygotes.
The highest frequency of heterozygotes was found in
populations from the Zempléni Mts (F4,16 = 0.82, 0.05 <
P), however they had an average number of alleles and
percentage of polymorphic loci.

The results of F-statistics indicated a relatively high
level of total variation (Table 4: FIT). A substantial por-
tion of this variation was, however, observed among the
samples. That is, the level of genetic differentiation was
fairly high (Table 4: FST, and the results of exact test). The
samples were significantly differentiated at all but two
( Gpdh and Pgi) of the 16 loci (Table 4). The within
population variation was also sizeable. The average FIS

value suggested significant heterozygote deficiency
within the samples (Table 4). It was attributable to 4 of
the 16 loci.

Nei’s genetic distances were calculated and an UPGMA
dendrogram constructed on the basis of the distance
matrix. The dendrogram did not show an obvious species
pattern (Fig. 2). The samples using different food plants
were randomly scattered in the upper branch. Yet, the
lower branch only contained the samples from the “Pneu-
monanthe” type populations from the Mátra Mts. The
samples of one subregion tended to cluster in the same
branch (e.g. Aggtelek Karst: Kuri03, Toh03, Kuri02,
Toh01; Zempléni Mts: Dra03, Gyk03, Dra02; Bükk Mts:
Bszk01, Bszk02, Bükk02) although there were exceptions
(e.g. Gyk01 from the Zempléni Mts was clustered
together with samples from the Bükk Mts). It is, however,
remarkable that the samples originating from the same
population but collected in different years (generations)
were not clustered in the same branch (e.g. Dra00 vs.
Dra02 or Dra03, Fül02 vs. Fül03, Gyk03 vs. Gyk01).
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2054––MpGyrGyilkos-meadow11

20–––MpTugTugár-meadow10

10–––MpNyikNyikom9

20–––MpJágJáger-meadow8

2231––FpFülFülesd7

–2020–BcBszk
Bükkszentker-

eszt
6

2010––BcBükkBükk-plateau5

373822–AcTohTohonya4

2250––AcKuriKuriszlán3

17–11–ZpGykGyertyánkút2

2315–11ZpDraDrahos-meadow1

2003200220012000Sr.Fp.Abbrev.PopulationNo.

TABLE 1. Sample sites for Maculinea alcon-rebeli in the years
from 2000 to 2003 (number of individuals/year). No.: Number
of population on the map (Fig. 1.); Abbrev.: abbreviation of the
populations in the dendrogram (Fig. 2.); Food plant (Fp.): p –
Gentiana pneumonanthe, c – G. cruciata; Subregion (Sr.): Z –
Zempléni Mts, M – Mátra Mts, A – Aggtelek Karsts region, B –
Bükk Mts, F – Fülesd.

Fig. 1. Alcon Blue populations sampled in Northern Hungary.
Zempléni Mts: 1 – Drahos meadow, 2 – Gyertyánkút; Aggtelek
Karsts region: 3 – Kuriszlán, 4 – Tohonya; Bükk Mts: 5 –
Bükkszentkereszt, 6 – Bükk plateau; Bereg plain: 7 – Fülesd;
Mátra Mts: 8 – Tugár, 9 – Jáger, 10 – Nyikom, 11 – Gyilkos.



In the analysis of the structure of genetic
differentiation, the “food plant” and the geographic pat-
terns in the between sample variation, were compared.
First we computed F-statistics on restricted data sets. In
the first part of these analyses, the samples of the popula-
tions were grouped according to the food plant they used.
The level of differentiation was relatively high among the
“Pneumonanthe” (FST = 0.208, 0.01 > P > 0.001) and low
among the “Cruciata” type populations (FST = 0.024, 0.01
> P > 0.001). The next step sorted the samples into the
four subregions from which they originated. FST values
estimated for these four subregions separately were
always substantially lower than the total (Total: 0.159,
0.01 > P > 0.001 vs. Karst: 0.011, 0.01 > P > 0.001;
Bükk: 0.041, 0.01 > P > 0.001; Mátra: 0.082, 0.01 > P >
0.001; Zempléni 0.057, 0.01 > P > 0.001).

Hierarchical F-statistics were computed using Arlequin.
In this programme, the total genetic variation can also be
analysed using the within sample component. However, it
was not possible to include all levels of the hierarchy
above the sample in a single run. The analyses were,
therefore, conducted in three series. In the first two runs,
the levels of hierarchy were: between groups of samples
with different food plants or subregions, among samples
within the groups, and within samples. In the third run,
the levels of hierarchy were: among populations, between
samples (years/generations) within a population, and
within samples. The results suggested that most of the
total genetic variation was attributable to the within
sample component (Table 5: WS). Although the between
sample component seemed to be low in these analyses (an
average 10–11% of the total variation), the FST value cal-

culated by the programme (0.167; P < 0.001) was in
agreement with that estimated using F-statistics. The dis-
tribution of the between sample variation indicated a size-
able level of differentiation among the samples/
generations collected from the same population (Table 5:
WP). The index of differentiation calculated for this level
of hierarchy was highly significant (FSP = 0.091; P <
0.001). The differences between the populations using
different food plants accounted for a lower percentage of
the total between sample variation (i.e. total level of dif-
ferentiation) than of that among the subregions (Table 5:
BFp vs. BSr). The indices of differentiation suggested a
similar tendency. The index representing the level of dif-
ferentiation among the subregions was relatively high
(FSrT = 0.107; P < 0.001). Although the index of differen-
tiation among populations using different food plants was
also significant (FFpT = 0.063; 0.05 > P > 0.01) it was
much lower than FSrT.

The results of the PCA analyses fully confirmed the
lack of a species pattern in the genetic differentiation
among the samples. The samples exhibited one large
cloud of points in the reduced space of variables (Fig. 3A
and 3B). The two axes explained more than 70% of the
total variation (axis 1: 52.72%; axis 2: 19.39%). When
the 95% ellipses were drawn according to the food plants
they nearly completely overlapped. It is interesting
though that the “Pneumonanthe” type exhibited a higher
level of differentiation than the “Cruciata” type samples
(Fig. 3A). At the same time the pattern became much
clearer when the 95% ellipses were drawn on the basis of
the geographic origin of the samples (Fig. 3B). In accor-
dance with the dendrogram the samples from the Mátra
Mts were clearly differentiated from the others. This was
most expressed along the first axis, which was predomi-
nantly determined by the Est locus. The two samples from
the Fülesd population were also differentiated from the
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0.304**0.07328.21.4Gyilkos-meadow#

0.1280.11537.51.4Jáger-meadow

0.249*0.12343.81.5Nyikom

0.0290.13537.51.4Tugár

Mátra

0.0690.08725.01.4Fülesd#Fülesd

0.1220.10740.71.5Bükkszentkereszt#

0.238*0.08837.61.5Bükk-plateau#
Bükk

0.261**0.09731.31.7Kuriszlán#

0.230**0.09733.41.5Tohonya#
Karst

0.1810.11634.41.4Gyertyánkút#

0.0840.11333.41.5Drahos-meadow#
Zemplén

FISHPAPopulationSubregion

TABLE 3. Parameters of enzyme polymorphism in the Alcon
Blue populations investigated. #: more than one sample was col-
lected from the population. A: mean number of alleles per
locus; P: percentage of loci polymorphic; H: mean frequency of
heterozygotes; FIS: index of heterozygote deficiency. Levels of
significance for FIS are given if all samples from the population
had a significant value. *: significant at 0.05 level; **: signifi-
cant at 0.01 level.

8.24
0.161
(0.47)

0.10234.11.49Total (21)

7.85
0.207
(0.60)

0.10435.01.42Mátra (5)

7.18
0.069

(0)
0.08625.01.40Fülesd (2)

8.82
0.156
(0.75)

0.09739.11.50Bükk (4)

7.73
0.260
(0.80)

0.09632.51.58Karst (5)

9.10
0.138
(0.20)

0.11433.81.44Zempléni (5)

Region

8.21
0.213
(0.78)

0.09735.41.54G. cruciata (9)

8.26
0.12

(0.33)
0.10532.81.43G. pneumonanthe (12)

Foodplant

GFISHPA

TABLE 2. Parameters of enzyme polymorphism in the Northern
Hungarian Alcon Blue populations averaged for samples from
particular food plants and subregions. Numbers in brackets:
samples in a given group. A: mean number of alleles per locus;
P: percentage of polymorphic loci; H: mean frequency of het-
erozygotes; FIS : index of the within sample variation together
with the proportion of samples with a significant value; G:
average number of multi-locus genotypes estimated for 10 indi-
viduals.



others along the second axis, which was mostly affected
by the allele frequency distribution at the Acon locus. The
other three subregions exhibited a relatively lower level
of differentiation as their 95% ellipses partially over-
lapped.

DISCUSSION

The results of the present study suggest a high level of
differentiation among the samples investigated.
Moreover, a sizeable amount of the total between sample
variation could be attributed to differences among the
samples collected in consecutive years from a population.
That is, a considerable fluctuation in allele frequencies
occurred from generation to generation. These findings
are consistent with our former results (Bereczki et al.,
2005) and imply a strong effect of genetic drift, which is
expected because of the life cycle of the Alcon Blues.

Both the “Pneumonanthe” and “Cruciata” type of
Maculinea alcon are dependent on the presence of two
sequential resources, the food plant (G. pneumonanthe or
G. cruciata) and a species of red ant (mostly Myrmica
scabrinodis for M. alcon “Pneumonanthe” type and My.
sabuleti, My. scabrinodis or My. schencki for the “Cruci-
ata” type). The imagines oviposit on the specific food
plants regardless of whether they grow near nests of the

host ant (Elmes & Thomas, 1987a, b). The young larvae
first feed in the fruit capsules, developing through three
larval instars (Thomas et al., 1989). When they reach the
fourth instar they drop to the ground and wait to be dis-
covered by foraging workers of particular Myrmica spe-
cies, who adopt and take them to their nest. Maculinea
alcon is a cuckoo species, i.e. it is fed by the nursing ant
workers (Elmes et al., 1991a, b). This stage of the life
cycle is, therefore, a great hazard for Alcon Blues. Many
of the larvae that drop off food plants are not found by
ants or are neglected. In addition, strong competition may
occur among the larvae when an ant’s nest is crowded
and nurse ants are in short of supply (Elmes et al., 1991a).
Under these conditions survival may decrease dramati-
cally due to ants selecting to tend only a few caterpillars.
As a consequence of these chance events most of the
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***0.197**0.159**0.324**All loci

***–0.1090.095**–0.004Sod

***–0.0120.054**0.042Pgm

*–0.0130.004–0.009Pgi

––––Me

***–0.2110.132**–0.051Mdh

***0.0550.079**0.130**Idh

***–0.0670.057**–0.006*Hk

*–0.0070.006–0.001Gpdh

**–0.0410.023**–0.017Got2

***–0.0940.074**–0.013Got1

––––Gdh

––––G6pdh

***0.554**0.378**0.723**Est

***0.117**0.090**0.197**Aox

***0.172**0.049**0.212**Acph

***0.350**0.137**0.438**Acon

Exact testFISFSTFITLocus

TABLE 4. Results of F-statistics and exact test of population
differentiation computed for all 21 samples regardless of their
food plant or geographic origin. FIT: total genetic variation; FST:
between sample component of variation; FIS: within sample
component of variation. ns: not significant; *: significant at 0.05
level; **: significant at 0.01 level; ***: significant at 0.001
level.

89.7989.0289.74WS

2.18
(21.35)

WP
3.69

(33.61)
9.03

(88.01)

WFp/WSr

8.03
(78.65)

7.29
(66.39)

1.23
(11.99)

BFp/BSr

PopulationSubregionFood plant

TABLE 5. Distribution of variation at different levels of the
hierarchy: Food plant – between food plant (BFp), within food
plant between the samples (WFp + WP), within samples (WS).
Subregion – between subregions (BSr), within subregion
between the samples (WSr + WP), within samples (WS). Popu-
lation – between populations (BFp/BSr + WFp/WSr); between
the samples within populations (WP); within samples (WS).

Fig. 2. UPGMA dendrogram constructed using of Nei’s
genetic distances among the 21 Alcon Blue samples. The num-
bers after the abbrevations of the populations indicate the year
of collection. 00: 2000; 01: 2001; 02: 2002; 03: 2003. Capital
letters represent the subregions. A: Aggtelek karsts region; B:
Bükk Mts; F: Fülesd (isolated population on the Bereg Plain);
M: Mátra Mts; Z: Zempléni Mts.



larvae die and only a small percentage of them become
adults. In other words, the Alcon Blues experience a bot-
tleneck in every generation. Owing to repeated bottle-
necks Maculinea populations are exposed to the effect of
genetic drift.

As a consequence of drift Alcon Blue populations
exhibit a relatively low level of genetic variation. They
are much less polymorphic than other lycaenid butterflies
(e.g. Plebejus argus: Thomas et al., 1998; Polyommatus
coridon, P. bellargus, P. icarus: Schmitt, 1999; Schmitt
et al., 2002, 2003; Schmitt & Hewitt, 2004; Schmitt &
Seitz, 2001, 2002a, b; Aricia artaxerxes: Aagard et al.,
2002; K. Pecsenye unpubl. data). Our results are compa-
rable with those of Gadeberg & Boomsma (1997) for a
Danish populations of M. alcon. They also found a rela-
tively low level of variation at the loci investigated. Nev-
ertheless, our expectation was that drift would affect the
level of polymorphism in small and large populations dif-
ferently. It was, therefore, interesting to compare the
parameters of polymorphism among populations of dif-
ferent sizes. The results did not show a consistent pattern
(Table 2 and Table 3). Some of the large populations had
an unexpectedly low frequency of heterozygotes e.g. the
two populations from the Karst region, which have
increased considerably over the last few years as a conse-
quence of active management (Árnyas et al., 2006). At
the same time, some relatively small populations had a

high percentage of heterozygotes (e.g. the two popula-
tions from the Zempléni Mts). The low level of heterozy-
gosity was often coupled with a significant FIS value (see
Table 3). This was, however, detected in both small and
large populations (small e.g. Bükk plateau, large e.g.
Tohonya, Kuriszlán in the Aggtelek Karst region).
Moreover, heterozygote deficiency seemed to be consis-
tent over generations. All this evidence suggests that in
Alcon Blues, the background of heterozygote deficiency
might be some kind of subpopulation structure. The pat-
tern of this fine structure within the populations, however,
seemed to be unique in every case and therefore requires
further detailed studies. This assumption is also supported
by other studies (Gadeberg & Boomsma, 1997). They
found that Large Blue populations exhibit a high level of
genetic differentiation coupled with significant heterozy-
gote deficiency. Thus they conclude that the populations
they sampled consisted of several partially isolated gene
pools. At the same time, the high FST values indicate that
the fine genetic structure of the populations were different
in different regions.

The other consequence of drift is a strong genetic dif-
ferentiation among the populations. The results of the pre-
sent analysis and also our previous one (Bereczki et al.,
2005) fully support the strong differentiation among the
Alcon Blue populations. At the same time there are clear
differences between the two studies. In our previous
report, the populations sampled could be sorted into four
large regions in Central Europe and yet there was no evi-
dence of a geographic pattern of differentiation. Hence
we concluded that the geographic distances among these
regions were too large relative to the dispersal ability of
the butterflies and, therefore, gene flow did not counter-
balance genetic differentiation. In the present study, our
working hypothesis is that migration must be more inten-
sive over a smaller geographic scale (e.g. among popula-
tions within subregions). Thus, we expected a clear geo-
graphic pattern of genetic variation within the Northern
Hungarian region. The results of PCA, AMOVA and
hierarchical F-statistics confirmed our expectations. The
differentiation among the subregions in Northern Hun-
gary was as high as that among the populations within the
subregions. Gadeberg & Boomsma (1997) also found
regional differences in allele frequency distributions
among Danish populations of M. alcon. Since the geo-
graphic scales of the two studies were comparable, the
similar results indicate that geographic distances between
the populations within the regions are similar to the dis-
tances Alcon Blues migrate.

Nonetheless, the dendrogram (Fig. 2) showed that the
separation among the samples originating from the Bükk
Mts, Aggtelek Karst region and Zempléni Mts were not
complete. The first branch mostly contained samples col-
lected in the Zempléni Mts, the second branch those col-
lected in the Karst region and the third those from the
Bükk Mts Yet, one sample collected on the Bükk plateau
was clustered together with those from the Zempléni Mts
and one Gyertyánkút sample (Zempléni Mts) with the
samples from the Bükk Mts. The results of the PCA also
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Fig. 3. Results of the PCA analyses. Each point represents a
sample in the reduced space of variables. A – 95% ellipses are
drawn according to their food plant. 1: G. pneumonanthe; 2: G.
cruciata. B – 95% ellipses are drawn according to the
subregion. 1: Zemplén Mts; 2: Aggtelek Karts region; 3: Bükk
Mts; 4: Fülesd; 5: Mátra Mts.



indicated that the samples from the Bükk and Zempléni
Mts were not clearly different from each other. One pos-
sible explanation of the lack of clear separation between
these subregions might be that their similarity in genetic
structure is simply a result of chance events.

As in our previous study (Bereczki et al., 2005), the
present results did not show a species pattern of differen-
tiation among the samples analysed. Although some per-
centage of the total between sample variation was
attributable to differences between the two sets of popula-
tions using different food plants, this variation could be
explained by the clear differentiation between the samples
from the Mátra Mts and all others, since all these samples
originated from “Pneumonanthe” type populations. It thus
appears that the genetic differentiation of the Alcon Blue
populations is not consistent with their ecological differ-
entiation.
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