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Abstract
Small and isolated populations are prone to future extinctions and thus perceived as ‘living dead’. Although generally con-
sidered to be of low conservation value, their existence can still enhance species survival at the landscape scale through 
improving the connectivity of other populations and facilitating some (even if little) gene flow. We investigated the demog-
raphy and genetic status of a tiny and highly isolated local population of Maculinea (= Phengaris) alcon near its distribution 
margin with the aim of identifying the features that allow it to persist. The study comprised intensive mark-recapture, surveys 
of Gentiana pneumonanthe foodplants and butterfly eggs laid on them, as well as genetic analyses. The population has been 
found to be characterised by low genetic diversity and estimated at only a few tens of individuals. The foodplant availability 
turned out to be the most obvious factor limiting M. alcon abundance. Nevertheless, the life expectancy of adult butterflies 
is fairly long, and their flight period very short, implying that most individuals occur within the same time window. Together 
with the relatively little protandry observed, i.e. almost synchronous emergence of males and females, this increases the 
chances of random mating among the individuals. Moreover, the butterflies move freely across the core habitat fragment. 
All things concerned, the effective population size is presumably not much lower than the recorded population size. Our 
findings provide guidelines for pinpointing those among ‘living dead’ populations that are likely to be the most persistent 
and thus worth conservation efforts aimed at preserving them.
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Introduction

Habitat loss and fragmentation is nowadays one of the most 
serious threats to biodiversity, with more and more species 
forced to live in increasingly fragmented landscapes (Caugh-
ley 1994; Hanski and Gaggiotti 2004). Small and highly 
isolated local populations experience a high risk of stochas-
tic extinctions, and following such extinctions their habitat 
patches have little chance to become recolonized (Prugh 
et al. 2008). Below certain thresholds of area and connec-
tivity, habitat patches have dramatically low probability of 
being continuously occupied (Hanski 1994). Consequently, 
populations inhabiting such habitat patches are perceived 
as ‘living dead’ (Hanski et al. 1996); even if they exist at 
present, they are bound to go extinct in the coming future.

It is sometimes argued that living dead populations 
have no conservation value, since being prone to extinc-
tions they do not enhance directly the species persistence in 
fragmented landscapes (Hanski et al. 1996; Soga and Koike 
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2013). Nevertheless, their existence can still improve the 
chances of survival of other populations in metapopulation 
systems. First of all, as long as they exist they allow some 
(even if little) gene flow, thus facilitating the maintenance 
of genetic variability within the metapopulations. Further-
more, although due to their small size living dead popula-
tions should not be expected to produce many emigrants 
themselves, they may act as stepping stones, thus increasing 
the connectivity of other populations and the exchange of 
individuals among them (Haddad 1999; Skórka et al. 2013). 
Although habitat patches alone are needed to provide these 
stepping-stone effects, their occupancy is desirable for prac-
tical reason as it is simply much easier to convince decision 
makers that it is worth to protect certain fragments of land 
if they are actually inhabited by a focal species rather than 
if they merely constitute its habitat.

All in all, despite being dubbed as living dead, some 
small and relatively isolated local populations may be worth 
conservation efforts aimed at preserving them. The decision 
whether such populations deserve to be included in con-
servation programmes should depend on their persistence 
chances. Priority must be given to those are likely to persist 
for a long time despite their ultimate extinction risk, and not 
to those that face imminent extinction. According to a solid 
theoretical rationale, it is easy to link extinction risk with 
the long-term trend in population size as well as population 
stability, negatively associated with the extent of its year-
to-year fluctuations (see the “Discussion”), but in reality its 
quantitative assessment through population viability analysis 
is problematic unless very good monitoring data are avail-
able, which is rarely the case (Schtickzelle and Baguette 
2009). Consequently, a highly useful solution could be sim-
ple but reliable proxies in the form of easy to measure popu-
lation characteristics which translate into viability.

In the present study, we investigated a tiny and highly 
isolated local population of the Maculinea (= Phengaris) 
alcon butterfly near its distribution margin in north-eastern 
Poland using intensive mark-recapture sampling and genetic 
analysis, with the aim of identifying the features that allow it 
to persist against all the odds. Based on the results obtained, 
we discuss their implications for the viability assessment 
of the investigated population. More generally, we provide 
guidelines for pinpointing those among ‘living dead’ popula-
tions that are likely to be the most persistent and thus worth 
conservation efforts.

Materials and methods

Study species

Myrmecophilous butterflies of the genus Maculinea 
(= Phengaris), and M. alcon among them, are considered 

useful indicators of grassland biodiversity and flagships of 
insect conservation in Europe (Maes and van Dyck 2005; 
Settele et al. 2005). To complete their life cycle they require 
two crucial resources, which comprise specific foodplants, 
on which Maculinea larvae feed in their initial stages, and 
specific host ants of the genus Myrmica, in the colonies of 
which the larvae finish their development, acting as social 
parasites (Thomas 1995; Witek et  al. 2010). There is a 
controversy surrounding the taxonomic status of M. alcon, 
with its two distinct forms associated with wet meadows 
and xerothermic grasslands, regarded as separate species 
or, more frequently, merely as different ecotypes (Als et al. 
2004; Pecsenye et al. 2007; Sielezniew et al. 2012; Berec-
zki et al. 2018). Consequently, the conservation status of 
the species is uncertain, and it is classified as least concern 
(LC) in Europe (van Swaay et al. 2010), even though many 
authors regard both forms to be clearly under threat (Wal-
lisDeVries 2004; Tartally et al. 2008; Czekes et al. 2014).

It should be underlined that in the present study we focus 
on the wet meadow form of M. alcon, which uses almost 
exclusively the marsh gentian Gentiana pneumonanthe as 
its foodplant (Nowicki et al. 2007; Sielezniew et al. 2012; 
Czekes et al. 2014). Unlike the foodplants of other Macu-
linea species, which tend to grow in high densities within 
relatively large meadow fragments (Bonelli et al. 2013; 
Nowicki et al. 2014), the marsh gentians are typically scarce 
and occur in highly localised places, and thus their avail-
ability constitutes a limiting factor for M. alcon abundances 
(Nowicki et al. 2007). Consequently, the butterfly quite often 
exists in very small and spatially isolated local populations, 
although fairly large metapopulation systems with many 
interconnected populations can be found as well (Wallis-
DeVries 2004; Nowicki et al. 2007, 2009).

Study area

The study was carried out at the Bokiny site (N53°02′02″, 
E22°54′45″; 115–116  m a.s.l.), located in the Narew 
National Park, where M. alcon was discovered in 2012 
(Sielezniew et al. 2015). The butterflies inhabit an elevated 
‘grassland island’, i.e. a small patch (5.47 ha in area) of 
higher, drier land overlying mineral soils, surrounded by 
wetlands (Fig. 1). The vegetation of this area includes a 
mosaic of Molinio-Arrhenatheretea grasslands, with strips 
of light pine and aspen forest. Only some discrete fragments 
of the site can be regarded as the potential habitat of M. 
alcon as defined by the presence of its G. pneumonanthe 
foodplant. The core habitat fragment with the highest food-
plant density is relatively small (0.32 ha in area) and situated 
in the southern part of the site (Fig. 1).

In the past the entire site was grazed by cattle with low 
intensity and occasionally burnt, but both these practices 
were ceased in the 1990s. At the moment, only marginal 
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low-lying parts of the site (as well as surrounding wetlands) 
are mown every second year in late summer. The population 
of M. alcon is the only one found in the Narew National Park 
(Sielezniew et al. 2016) and it is highly isolated, with the 
nearest other known localities with the species being about 
50 km away (Sielezniew unpubl. data).

Field sampling

Although the population has been surveyed for sev-
eral years since its discovery in 2012, the field surveys 
conducted were intensive enough only in 2015 to allow 
detailed investigations. Consequently, in the present paper 
we restricted our analyses to the demographic data col-
lected in that year. Nevertheless, it must be stressed that 

the information gathered in other years clearly suggests 
that the results obtained in 2015 are representative for the 
situation of the focal population in recent years.

Mark-release-recapture (MRR) sampling was conducted 
between 12 July and 4 August 2015, covering the entire 
flight period of M. alcon. No butterflies were encountered 
during visits performed just before and after this period. 
Sampling was performed every day, weather permitting, 
between 10 AM and 5 PM. One or two people spent about 
2 h on the site during each sampling day. Butterflies were 
captured with entomological nets, marked on the underside 
of their hind-wings with unique identity numbers using a 
fine-tipped waterproof pen, and then immediately released 
at the place of capture. Date, time and GPS coordinates 

Fig. 1  The distribution of M. alcon capture points (black crosses), 
its eggs (white dots with the size linearly corresponding the number 
of eggs), and G. pneumonanthe foodplants (blue/grey dots) within 
the investigated site. It should be noted that the numbers of capture 

points, eggs, and foodplants within the core southern fragment of 
the site are somewhat visually underestimated, because they often 
overlap one another. Source of the orthophotomap: Digital Globe 
(acquired by Google Earth). (Color figure online)
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of each (re)capture as well as sex and ID number of each 
butterfly were recorded.

In the same year the entire site was thoroughly searched 
in order to record all the G. pneumonanthe foodplants pre-
sent as well as M. alcon eggs laid on them. This survey was 
greatly facilitated by a preliminary search performed in the 
previous year, when all the gentians found were marked with 
bamboo sticks to avoid trampling on them while conducting 
the MRR study, but we also looked for additional gentians. 
To be sure that all of them were spotted we repeated the 
search several times during the season so as to account for 
potential differences in the phenology of individual plants 
flowering period. Until mid-August all the gentians were 
marked with sticks and their position was measured with 
GPS. Subsequently, i.e. after the adult flight period was 
already well finished, all the eggs/eggshells of M. alcon were 
counted separately for each plant. Both the foodplant and 
egg count are standard methods applied in the monitoring 
M. alcon populations, and they allow perfect detectability 
(Maes et al. 2004; Nowicki 2017).

Analysis

The mark-recapture data collected were analysed using con-
strained open population models in the program MARK 8.0 
(White and Burnham 1999) as described by Osváth-Ferencz 
et al. (2017). First, Cormack-Jolly-Seber (CJS) models were 
applied to evaluate the patterns in survival (φ) and capture 
probability (p), and subsequently the best supported pattern 
in those parameters served as a fixed basis for estimating 
seasonal population size ( N̂ ) with Jolly-Seber (JS) models 
(Arnason and Schwarz 1999; Schwarz and Seber 1999). The 
performance of the candidate model variants was assessed 
with the Akaike Information Criterion corrected for small 
sample size (AICc) (Hurvich and Tsai 1989), and the model 
φ(.) p(s), i.e. the one assuming constant survival rate and 
sex-dependent capture probability, was found to be the best 
supported. Consequently, due to the intersexual difference 
in capture probability the seasonal population sizes were 
estimated separately for both sexes, and then summed. In 
addition, we estimated mean life span of adult butterflies as 
ê = (1 − �̂�)−1 − 0.5 (Nowicki et al. 2005).

Based on the UTM co-ordinates of the capture points 
we calculated the distances moved by individual butterflies 
between consecutive captures, and analysed them against 
the day in season. Whenever the date of a particular capture 
and the following one differed (i.e. in most cases), the day 
in season for such a movement was derived as the mid-point 
between the capture dates. In addition, for the individuals 
captured a minimum of three times we established minimum 
convex polygons encompassing all the capture points and 
calculated their areas using GIS software Idrisi 2.0 (East-
man 1997). It can be assumed that the minimum convex 

polygon area (MCP) should grow asymptotically with the 
number of capture points (k) for an individual, and the 
asymptote value would reflect the home range size. There-
fore, we evaluated the mean home range of adult butterflies 
in the investigated population through fitting the asymp-
totic function of MCP = a(k − b)∕k , where a represents the 
asymptote value, and the b parameter was set at 3 so as to 
account for the fact that for less than three points MCP is 
essentially zero. It is worth noting that when as an alterna-
tive we fitted the function version with unconstrained b, this 
parameter value was anyway estimated at very close to 3 ( ̂b 
± SE = 3.035 ± 0.220), and the overall model fit remained 
virtually unchanged, which increases the reliability of our 
approach. While the investigations of movement distances 
were conducted separately for males and females, the home 
range analysis relied on the data pooled together for both 
sexes, because otherwise the sample sizes were too small.

Genetic study

A total number of 25 individuals of M. alcon were sam-
pled in 2014 for genetic studies at the Bokiny site. Small 
pieces of wings were torn off using tweezers and placed 
into containers with 95% ethanol. DNA was extracted using 
a Genomic Mini Kit (A&A Biotechnology) as described in 
Rutkowski et al. (2009). DNA polymorphism was assessed 
using microsatellite loci. We PCR-amplified five microsat-
ellite loci, characterized by Zeisset et al. (2005) as Macu5, 
Macu8, Macu11, Macu15 and Malc169, using primers as 
described by the authors and reagents and conditions as 
described by Rutkowski et al. (2009). The length of the 
amplified fragments was estimated using a CEQ8000 Beck-
man Coulter automated sequencer (Beckman Coulter, Inc., 
Brea, CA, USA; agency in Poland: Comesa, Warsaw), and 
subsequently the chromatograms were analysed using Beck-
man Coulter Fragment Analysis Software in order to obtain 
into the individual genotypes.

For comparative purposes we also used datasets from 
eight other previously studied populations of M. alcon in 
Poland (for details see Sielezniew et al. 2012), for which 
the same microsatellite markers were applied and thus the 
datasets are directly comparable. For each population we 
calculated the values of basic genetic indices, including the 
number of alleles (A), allelic richness defined as the num-
ber of alleles corrected for sample size using the rarefaction 
method with a sample of 9 individuals (R; Petit et al. 1998), 
observed (HO) and expected heterozygosity (HE; Nei 1978), 
as well as inbreeding coefficient (FIS). These analyses were 
performed using GenAlEx v. 6.503 (Peakall and Smouse 
2012) and FSTAT version 2.9.3.2 (Goudet 2001). The devia-
tion from the Hardy–Weinberg equilibrium (hereafter HWE) 
was evaluated using Fisher’s exact test in Genepop v.4 (Ray-
mond and Rousset 1995; Rousset 2008), with the following 
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settings: 10,000 dememorisations, 1000 batches and 10,000 
iterations. Genetic differentiation among populations was 
expressed as FST based on the Infinite Allele Model of muta-
tion (Weir and Cockerham 1984). Pairwise FST values and 
their significance, as well as the overall FST with correspond-
ing 95% confidence intervals, were calculated in FSTAT.

Results

Throughout the entire season, we recorded 15 males and 
11 females of M. alcon, which were captured 43 and 30 
times respectively. While the daily capture probability was 
slightly (but insignificantly) higher in males than in females 
( ̂p ± SE = 0.80 ± 0.10 vs. 0.67 ± 0.09), the estimated sex ratio 
was still moderately male-biased. The seasonal population 
size was assessed at 40 adults individuals (with the 95% CI 
of 33–52 adults), including 23 males and 17 females.

The butterfly survival rate was estimated at a relatively 
high level of 0.814 (± SE = 0.051) per day, which corre-
sponds to adult life expectancy of 4.88 (± SE = 1.59) days. 
In turn, the flight period was fairly short, and with the excep-
tion of a single male flying a few days earlier, it spanned 20 
days. There was little indication of protandry (i.e. earlier 
emergence of adult males, typical for butterflies) with the 
peaks of male and female abundance occurring in the same 
period (Fig. 1), although it should be noted that due to low 
butterfly numbers both peaks were poorly pronounced.

Overall we found 263 G. pneumonanthe foodplants at 
the investigated site, however a substantial fraction of them 
(97 i.e. 36.9%) were concentrated within a relatively small 
southern fragment of the site. The food plant density within 
this southern fragment thus reached 303 per ha, whereas 
within the remaining area it was only 48 per ha, i.e. almost 

an order of magnitude lower. Not surprisingly a majority of 
butterflies and their eggs were observed within the southern 
core fragment (Fig. 2). The total number of eggs found was 
581 on 56 (21%) gentian plants, which translates into 10.2 
eggs per gentian with eggs, and 34.2 eggs per average M. 
alcon female.

The maximum recorded distance between consecutive 
captures was 156 m, which roughly corresponds to the maxi-
mum dimension of the southern fragment of the site predom-
inantly used by M. alcon butterflies, and the mean movement 
distance was 50 m. There was no indication of any differ-
ences in the distances covered by both sexes (Student’s t test 
for ln-transformed distances to achieve normality: n = 42 for 
males and 31 for females, t = 0.850, P = 0.398). Similarly, 
the movement distances were not affected by the duration 
of the period between consecutive captures (Pearson’s cor-
relation: r = − 0.145, P = 0.221). However, they depended 
on the date in season, and remarkably the pattern of this 
dependence was opposite in both sexes (Fig. 3). Male mobil-
ity decreased with the season progression (Pearson’s corre-
lation: r = − 0.317, P = 0.041) while female one increased 
(Pearson’s correlation: r = 0.405, P = 0.024).

As expected, the area of minimum convex polygons 
encompassing capture points of individual butterflies 
increased with the number of points, and the increase fitted 
very well to the asymptotic function applied (R2 = 0.7071, 
P < 0.0001; Fig.  4). The asymptote value, assumed to 
reflect the average butterfly home range size, was esti-
mated at 0.294 (± SE = 0.028) ha, which is in perfect 
agreement with the area of the southern fragment of the 
site where most G. pneumonanthe foodplants grow. The 
above result, together with the aforementioned recorded 
movement distances, indicate that even though the but-
terflies do not utilise the whole grassland site to the same 

Fig. 2  Within-season dynamics 
of the estimated daily numbers 
of M. alcon adults (males: solid 
squares, solid line; females: 
empty squares, broken line). 
Whiskers represent 95% confi-
dence intervals of the estimates
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extent, they move freely and frequently within its entire 
core fragment comprising the most suitable habitat.

Several indices reflected relatively low genetic diversity 
of the Bokiny population and in the case of the observed 
heterozygosity the value was lowest among all the popula-
tions considered (Table 1). Moreover significant departure 
from Hardy–Weinberg Equilibrium (HWE) was detected in 
three out of five investigated loci as well as in the overall 
test across all the loci (P < 0.05 in all the cases), indicat-
ing heterozygote deficit. Overall FST reached 0.093 (with 
95% CI of 0.076–0.108). The Bokiny population differed 
significantly from all other previously studied populations 

of M. alcon and its pairwise FST ranged between 0.078 and 
0.180 (Table 2).

Discussion

Our findings confirm that the investigated population of 
M. alcon is a very small one, comprising only a few tens 
of breeding adult individuals. Admittedly, the results we 
presented are restricted to an intensive single-year field-
work campaign, and the data we gathered for other years 
are not comprehensive enough to allow similar analyses. 

Fig. 3  Movement distances 
between consecutive captures 
of M. alcon adults (males: solid 
dots; females: empty dots) in 
relation to the season progres-
sion, with day 0 representing 
10 July. Lines show the best 
fit linear regressions for males 
(solid line; y = 87.6 − 2.10x) 
and females (broken line; 
y = − 15.3 + 4.40x)
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Nevertheless, it should be underlined that these data clearly 
indicate that the abundances of M. alcon butterflies and their 
eggs in other years were comparably low or even lower. All 
things concerned, it appears that the tiny size we recorded 
for the investigated population reflects its typical status 
rather than an occasional drop of a usually much larger but 
highly fluctuating population (cf. Nowicki et al. 2009).

The most obvious factor limiting our focal population is 
the low availability of G. pneumonanthe foodplants. The 
foodplants are in very short supply in most of the locality, 
and even within its southern core fragment their density (ca. 
300 gentians per ha) is well below the typical levels recorded 
at M. alcon sites (WallisDeVries 2004; Nowicki et al. 2007, 
2009; Radchuk et al. 2012; Czekes et al. 2014; but see; Maes 
et al. 2004). It is worth pointing out that 1000 gentians per 
ha has been suggested as the threshold value, below which 
the foodplant density becomes a critical resource for M. 
alcon populations (WallisDeVries 2004). In this context, it 
may seem somewhat contradictory that only a fraction of 
foodplant in our study were found to have M. alcon laid 
on them. However, such a situation is quite common, and 
stems from the fact that many gentians are either hidden by 
the surrounding higher vegetation and thus not visible for 

butterflies, or not in the appropriate phenological state to 
be used for oviposition (Küer and Fartmann 2004; Nowicki 
et al. 2007). In turn, the relatively high average number of 
eggs laid per used gentian implies a serious possibility of 
intraspecific competition among M. alcon larvae developing 
in foodplants. Besides, it cannot be excluded that host ant 
availability constitutes an additional limiting factor for M. 
alcon in Bokiny. Although an earlier study found that the 
primary host species Myrmica scabrinodis is the most com-
mon Myrmica ant at this study, the abundance of its nests 
was not quantified in absolute terms (Sielezniew et al. 2015).

Very small populations of M. alcon are not unique, but 
previous studies reported their existence in metapopulation 
systems (WallisDeVries 2004; Maes et al. 2004; Nowicki 
et al. 2007; Radchuk et al. 2012), where they are likely to 
be supported by a continuous influx of immigrants from 
more abundant populations located nearby (Hanski 1994; 
Gonzalez et al. 1998). In contrast, it is rather unusual that 
the population we investigated manages to persist in com-
plete isolation. In this context we believe that our findings 
offer practical hints on demographic features that improve 
persistence chances of local butterfly populations and thus 
to identify those that deserve conservation efforts the most.

Table 1  Microsatellite 
polymorphisms in M. alcon 
population in Bokiny as 
compared with eight other 
populations in Poland studied 
previously (Sielezniew et al. 
2012)

Parameters presented include sample size within locality (N); number of alleles (A), allelic richness (R), 
observed and expected heterozygosity heterozygosity (HO and HE respectively), P value for HWE exact test 
for heterozygote deficiency/excess (ns indicates non-significant values exceeding 0.05), and fixation index 
(FIS; Bonferroni corrected P value at α = 0.05, based on 900 randomisations, was 0.0011)

Population N A R HO HE P (HWE test) FIS

Józefów 10 3.4 3.3 0.50 0.48 ns 0.002
Kopcie 11 6.4 5.9 0.64 0.61 ns 0.011
Brzeźno 20 6.0 4.8 0.52 0.55 ns 0.083
Sowia Wola 10 3.2 3.1 0.42 0.46 ns 0.147
Kuligi 17 7.6 5.7 0.54 0.61 0.013 0.136
Hutków 30 5.6 4.1 0.52 0.56 ns 0.088
Komarów 9 4.4 4.4 0.67 0.60 ns − 0.062
Tyszowce 11 5.0 4.6 0.51 0.48 ns − 0.004
Bokiny 25 3.6 3.1 0.39 0.43 0.029 0.123

Table 2  Among population 
genetic differentiation (pairwise 
FST) for the Bokiny population 
and eight other populations 
of M. alcon in Poland studied 
previously (Sielezniew et al. 
2012)

Asterisks mark non-significant values after Bonferroni correction (Bonferroni corrected P value, based on 
720 permutations, was 0.0014)

Kopcie Brzeźno Sowia Wola Kuligi Hutków Komarów Tyszowce Bokiny

Józefów 0.077 0.057 0.100 0.067 0.092 0.110 0.065* 0.079
Kopcie 0.031 0.076 0.020 0.077 0.076 0.077 0.119
Brzeźno 0.096 0.035 0.108 0.099 0.099 0.078
Sowia Wola 0.066 0.104 0.139 0.036* 0.158
Kuligi 0.105 0.073 0.081 0.092
Hutków 0.107 0.059* 0.180
Komarów 0.095 0.143
Tyszowce 0.155
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Long-term trend in population size is the most evident 
predictor of extinction risk (Caughley 1994; Keith et al. 
2015). In the absence of a clear trend, the extent of popu-
lation size fluctuations, serving as an inverse measure of 
stability, makes a useful indicator of population viability, as 
more fluctuating populations are more vulnerable to extinc-
tions (Caughley 1994; Lundberg et al. 2000; Nowicki 2017). 
However, the assessment of both trend as well as fluctua-
tion level requires relatively long time series of quantitative 
data for a particular population, which are rarely available, 
especially in the case of insects (Schtickzelle and Baguette 
2009; Nowicki 2017). Therefore the assessments of popula-
tion persistence chances often have to be based on proxies in 
the form of population characteristics which are simple and 
straightforward to evaluate. The present study may provide 
useful guidelines in this respect for assessing the status of 
butterfly populations.

Our focal population shows several clearly undesirable 
characteristics. Apart from its sheer size, strong isolation 
and resource limitation as discussed above, it apparently 
suffers from low genetic diversity, suggesting genetic drift 
due to isolation and/or that it underwent a prolonged bot-
tleneck or possibly even a series of such events in the past 
(Saccheri et al. 2001). One potential consequence of reduced 
genetic diversity is low adaptability to changing environ-
mental conditions, e.g. ongoing climate change (Cobben 
et al. 2012). Furthermore, low genetic variability may also 
lead to decreased individual fitness (Lacy 1997; Ortego et al. 
2007). A potential manifestation of the above principle could 
be the very low female fecundity that we recorded in the 
present study, although we do not have any direct evidence 
for its genetic basis. Moreover, the correlation between vari-
ation in neutral markers, such as microsatellites, and fitness 
components remains hotly debated issue (Väli et al. 2008; 
Ljungqvist et al. 2010; Szulkin et al. 2010). Nonetheless, 
most previous studies estimated the number of eggs laid per 
an average female of M. alcon at 80–100 (WallisDeVries 
2004; Maes et al. 2004; Radchuk et al. 2012), whereas our 
reported value is about three-fold lower. Such a situation 
is clearly disadvantageous for the population persistence 
chances, since it translates into much lower achievable pop-
ulation growth rate, thus slowing down the recovery from 
occasional declines in ‘bad years’, caused by environmental 
stochasticity (Lande 1993).

Nevertheless, the M. alcon population in Bokiny also 
has some promising features. First is the relatively short 
flight period and long adult life expectancy. Obviously, 
both parameters are known to exhibit some inter-annual 
variability, mostly due to different weather patterns (Bubova 
et al. 2016), and thus using only single-year estimates it is 
impossible to ascertain whether they are population specific 
or perhaps they merely reflect a favourable season effect. 
However, it is worth noting that another much larger M. 

alcon population (Brzeźno in E Poland), surveyed in the 
same year for comparison, was characterised by substan-
tially longer flight period and shorter adult life span (35 and 
2.87 ± 0.14 days respectively; Pałka and Sielezniew unpubl. 
data). Moreover, the estimate of adult life span that we 
obtained for the Bokiny population is among the highest ever 
found for M. alcon across Europe (and clearly the highest if 
the values for the xerophilous ‘rebeli’ ecotype are excluded), 
whereas the flight period length is near the lower limit of 
the reported range (see review in Bubova et al. 2016). Both 
short flight period and long adult life expectancy imply low 
level of temporal fragmentation (sensu Bubova et al. 2016). 
In other words, all adult individuals emerging in a season, 
even in its initial or final part, have good opportunities to 
find mating partners within the time window they fly. In the 
Bokiny population, the situation is further improved by little 
protandry, i.e. almost synchronous emergence of males and 
females. Consequently, no females should be expected to die 
unmated, which is often a problem in butterfly populations 
with clearly pronounced protandry (Calabrese and Fagan 
2004). Nevertheless, the above finding does not necessarily 
imply completely random mating in the focal population. 
Some individuals may still be more successful in mating 
than others, or simply their offspring may be more success-
ful in survival due to patchy distribution of host ant nests.

Another advantageous attribute of our focal population is 
the considerable mobility of the investigated butterflies. Our 
results concerning both the recorded movement distances as 
well as the estimated home range size suggest that M. alcon 
adults move freely within the southern fragment of the site, 
constituting the core habitat patch, and they occasionally 
venture to more distant areas. At first glance, unconstrained 
movements within a habitat patch seem nothing peculiar, 
but in Maculinea this is not necessarily the case, because 
these butterflies have been found to establish restricted home 
ranges within their habitat patches (Hovestadt and Nowicki 
2008; Kőrösi et al. 2008). The fact that in Bokiny they are 
able to mix freely is a further feature enhancing individual 
mating chances, and thus population viability. Interest-
ingly, mobility of males was found to decrease and that of 
females to increase with season progression, which appears 
in accordance with optimal breeding strategies of both sexes. 
Female tendency to fly further distances towards the end of 
season may reflect their increased effort to find foodplants 
with no eggs previously laid by conspecifics in order to 
reduce intra-specific competition experienced by their off-
spring. In turn, higher male mobility at the start of season 
enables them to search more intensively for newly emerging 
females, which is particularly important in a population with 
a very low density of flying adults.

As discussed above, several attributes of the investigated 
population (short flight period, long adult life expectancy, 
little protandry, relatively good mobility) ensure that all 
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individuals have a good chance to mate as adults. Conse-
quently, unlike in many wild populations (Frankham 1995; 
Luikart et al. 2010), the effective population size is presum-
ably not much reduced as compared with the census popu-
lation size, i.e. the sheer number of individuals making the 
population. We expect that this may be the main reason for 
which M. alcon is able to persist in Bokiny in spite of its 
very low abundance and strong isolation there. To conclude, 
our study indicates that very small size does not necessarily 
translate into low viability, and thus low conservation value 
of an isolated local population. Therefore, the prioritisation 
of populations to be included in conservation programmes 
should not rely on population census alone, but instead it 
should be based on more detailed analyses of demographic 
parameters, in the case of insects including their fecundity, 
mobility, adult longevity and occurrence period.
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