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Selection on dispersal in isolated butterfly metapopulations
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Abstract In most metapopulation models dispersal is

assumed to be a fixed species-specific trait, but in reality

dispersal abilities are highly sensitive to various selective

pressures. Strict isolation of a metapopulation, which pre-

cludes any influx of immigrants (and their genes) from

outside and makes it impossible for emigrants to reach

other localities with suitable habitat, thus reducing fitness

benefits of long-distance dispersal to zero, may be expected

to impose strong selection against dispersal. We tested the

above prediction by comparing dispersal parameters

derived with the Virtual Migration model for isolated and

non-isolated metapopulations of two species of large blue

Maculinea (= Phengaris) butterflies, surveyed with inten-

sive mark-recapture. Mortality during dispersal was found

to be twice (in M. teleius) to five times higher (in M. arion)

in isolated metapopulations. Isolation also resulted in sig-

nificantly reduced dispersal distances in isolated meta-

populations, with the effect being particularly strong in

M. arion females. Apart from its evolutionary and

ecological consequences, dispersal depression in isolated

butterfly metapopulations implied by our results has serious

conservation implications. It provides a clear argument

against using parameter values obtained in a different

environmental setting in modelling applications, e.g.,

Population Viability Analyses or environmental impact

assessment. Furthermore, it underlines the importance of

establishing well-connected networks of suitable habitats

prior to species release in areas where reintroductions are

planned.

Keywords Habitat fragmentation � Maculinea �
Mark-recapture � Mortality � Virtual migration model

Introduction

Classic metapopulation theory as well as a great majority

of metapopulation models assume that dispersal abilities of

a given species are fixed traits (Travis and French 2000;

Goodwin 2003; Bowler and Benton 2005). Consequently,

the exchange of individuals between local populations is

modelled as a function of these fixed dispersal traits on one

hand and of highly variable spatial configurations of habitat

patches on the other hand. However, recently there have

been a growing number of empirical studies documenting

considerable intra-specific variability in dispersal (Clobert

et al. 2004; Bowler and Benton 2005; Stevens et al. 2010a).

This is particularly true for butterflies, which constitute the

most popular model organisms for dispersal studies (Ste-

vens et al. 2010a, b).

Dispersal parameters of many butterfly species have

been proven to vary strongly in both time and space. A

manifestation of the former pattern is density-dependence

of emigration, for which both positive and negative
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relationships have been well documented (Brown and

Ehrlich 1980; Nowicki and Vrabec 2011). In turn, classic

examples of spatial intra-specific variability in dispersal

abilities are morphological changes in populations at the

expanding edge of species distribution range, such as larger

body mass, wider thorax, and longer and narrower wings

(Hill et al. 1999; Simmons and Thomas 2004; Hughes et al.

2007), which are related to better flight performance

(Berwaerts et al. 2002; Fric and Konvicka 2002; Stevens

et al. 2012; but see Sekar 2012). There are also studies that

explicitly demonstrated greater mobility of individuals

living in recently established populations (Hanski et al.

2002, 2006). In the light of generally observed heritability

of dispersal traits (Roff and Fairbairn 2001; Haag et al.

2005), better dispersal abilities in new populations are easy

to explain since animals living there are descendants of

more dispersive individuals.

Dispersal abilities may be also selected for or against as

a result of landscape structure. Hanski et al. (2004) found

that butterfly mobility was positively correlated with hab-

itat patch isolation, but only among individuals living in

newly established local populations. In contrast, among

individuals from long-lasting populations mobility

decreased with increasing isolation (Hanski et al. 2004).

Similarly, Schtickzelle et al. (2006) proved that increasing

habitat fragmentation negatively affects dispersal within

metapopulations, reducing emigration rate and movement

distances. Positive impact of isolation in newly established

populations is quite intuitive, because the isolation of

habitat patches allows only the most dispersive individuals

to reach and colonise them, thus serving as a positive

selection driver. In turn, within stable systems of long-

lasting populations the effect of isolation is in the opposite

direction, because greater inter-patch distances and smaller

patch sizes lead to higher costs of dispersal and lower

chances of successfully reaching non-natal patches by

emigrants. Both factors impose strong selection against

dispersers.

Dispersal depression may also be expected due to iso-

lation at a larger scale, i.e., isolation of entire metapopu-

lations. A complete isolation at the metapopulation scale

not only precludes any influx of dispersers, and their genes,

from outside, but it also makes it impossible to reach other

metapopulations, thus reducing fitness benefits of long-

distance dispersal to zero. Consequently, dispersal abilities

should gradually decrease in such a situation.

Quite surprisingly, the above prediction has not been

investigated empirically so far, although some indirect

evidence provides support for its validity (Dempster 1991;

Adamski and Witkowski 2007). Therefore, our aim was to

test the prediction by comparing dispersal parameters

derived for isolated and non-isolated metapopulations. We

did so by applying the Virtual Migration (VM) model

(Hanski et al. 2000) to the extensive mark-recapture data

collected for two species of the large blue Maculinea

(= Phengaris) butterflies.

Methods

Study species and sites

Maculinea are highly specialised myrmecophilous butter-

flies. To complete their life cycle they require two crucial

resources, namely specific foodplants and specific host ants

of the genus Myrmica (Thomas et al. 1998). While ants are

typically scarce but widely distributed, the foodplants are

highly abundant but occur in patches (Nowicki et al. 2005a,

2007; Anton et al. 2008). Consequently, foodplant distri-

bution defines the spatial structure of local populations of

Maculinea butterflies, which often form metapopulation

systems (cf. Nowicki et al. 2007; Dierks and Fischer 2009).

We investigated dispersal in two Italian metapopulations

of M. arion: Val Ferret and Cuneo, as well as in two

M. teleius metapopulations from the Czech Republic:

Přelouč and Podebrady, which were intensively surveyed

with mark-recapture. In each case the sampling covered

each local population within a system and it was conducted

daily (with few gaps due to unfavourable weather)

throughout the entire flight period, i.e., roughly from late

June through late July for M. arion, and from early July to

mid August for M. teleius. None of the data collected in the

surveys have been published previously, apart from those

coming from the Přelouč metapopulation, which were used

in the analysis of density-dependence of dispersal (Nowicki

and Vrabec 2011, see this reference for the details of the

field sampling method).

The summary of the information about the investigated

metapopulations is given in Table 1. It is important to note

that for each species one of the metapopulations is rela-

tively well-connected with other conspecific metapopula-

tions in its region, while the other experiences strong

isolation. The ca. 2–3 km distance separating the Val

Ferret and the Přelouč metapopulations from the nearest

neighbouring metapopulations allows occasional exchange

of individuals. At the same time such inter-metapopulation

movements have been sporadic only (altogether only two

cases recorded), and thus it is valid to restrict dispersal

analyses to the investigated metapopulations. In contrast,

the isolation of the two other metapopulation far exceeds

5 km, which is roughly the maximum movement distance

recorded for Maculinea butterflies (see review in Nowicki

et al. 2005b). The Cuneo metapopulation is ca. 30 km away

from the nearest other metapopulations with M. arion

located at the outskirts of the Alpi Marittime Regional

Park, and this isolation persists for at least 50 years.

470 Popul Ecol (2013) 55:469–478

123



Similarly, the distance between the Podebrady metapopu-

lation and other known localities (in fact much smaller

ones) with M. teleius reaches almost 20 km. While the past

record of the species occurrence is not known in full

details, considering the history of the landscape changes in

the region, it can be expected that the present situation lasts

since the early 1990s. Consequently, in the present study

we regard the metapopulations of M. arion in Val Ferret

and M. teleius in Přelouč as non-isolated ones, whereas

those of the respective species in Cuneo and Podebrady as

strongly isolated ones.

Admittedly, apart from the isolation level the investi-

gated metapopulations differ also in their internal frag-

mentation (Fig. 1). As indicated by the shorter inter-patch

distances, the isolated metapopulations are less frag-

mented, which is particularly the case for M. arion

(Table 1). Consequently, the set of investigated metapop-

ulation does not constitute the perfect experimental design

for analysing the effect of isolation, which we take into

account while interpreting the results (see ‘‘Discussion’’).

However, achieving such a design appears impossible in

reality. We were not able to find any metapopulation of

Maculinea butterflies that would be strongly isolated and

highly fragmented, since in such conditions the species are

unlikely to persist. On the other hand, while non-isolated

and little fragmented metapopulation do exist in the regions

where the species are relatively wide-spread, they are too

large to be feasibly surveyed with mark-recapture (cf.

Nowicki et al. 2007).

We have also focused on minimising the potential

effects of differences in butterfly densities on the recorded

patterns of their dispersal, as Maculinea butterflies are

known to experience substantial annual fluctuations in

their numbers (Thomas et al. 1998; Nowicki et al. 2009).

Our earlier study has demonstrated a positive impact of

butterfly density on their emigration propensity (but not

on any other dispersal parameter), which however was

considerable only at densities exceeding carrying capacity

(Nowicki and Vrabec 2011). In 2009, when M. arion was

intensively surveyed in Val Ferret and Cuneo, its densities

in both metapopulations were comparable (Table 1). More

importantly, in both cases they were similar to the den-

sities recorded through preliminary sampling (restricted to

few habitat patches and not relevant for dispersal analy-

ses) in two earlier years, and thus apparently at their

normal levels below carrying capacities. Maculinea tele-

ius in Podebrady was studied for 4 years, but the sam-

pling was comprehensive enough for dispersal analysis

only in 2006, when the metapopulation was at its peak.

Consequently, to facilitate comparisons with the Přelouč

metapopulation, we used its results for 2008 when

M. teleius numbers peaked there. In both cases the species

densities were ca. 1.5 higher than the carrying capacities

estimated on the basis of available time-series (cf. Now-

icki and Vrabec 2011).

Dispersal analysis

We analysed the mark-recapture data with the Virtual

Migration model, using the program VM2 (Hanski et al.

2000). Since the rationale and a detailed description of the

model can be found elsewhere (Hanski et al. 2000;

Wahlberg et al. 2002), in the present paper we only briefly

outline its features.

Table 1 Characteristics of the investigated metapopulations of Maculinea butterflies

M. arion M. teleius

Site name Val Ferret Cuneo Přelouč Podebrady

Region Valle d’Aosta Alpi Marittime foothills Elbe Lowland Elbe Lowland

Location 45�500N, 06�590E 44�260N, 07�360E 50�030N, 15�340E 50�080N, 15�080E

Isolation (km)a 2.9 28.2 1.8 19.6

Number of local populations 12 9 10 9

Total area of suitable habitat (ha) 4.92 1.83 7.73 9.26

Habitat patch areas

(min–max) (ha)

0.11–0.78 0.01–0.98 0.21–1.57 0.14–4.60

Inter-patch distances (min–max) (m) 120–2,800 40–350 80–1,200 60–700

Type of matrix between habitat patches Pastures, forests, scarce

built-up areas

Meadows, forests,

forest clearings

Meadows, fields,

woodland strips

Meadows,

woodland strips

Survey year 2009 2009 2008 2006

Total metapopulation size (N ± SE)b 923 ± 122 419 ± 42 1,173 ± 76 3,017 ± 252

Butterfly density (ha-1) 188 229 152 326

a Distance to the nearest other locality with the species
b Estimated with the Jolly–Seber model (Arnason and Schwarz 1999), for details see Nowicki and Vrabec (2011)
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The VM model is a well-established standard for dis-

persal analysis in metapopulations, based on mark-recap-

ture data, and has been frequently used in butterfly studies

(e.g., Wahlberg et al. 2002; Schtickzelle et al. 2006; Fric

et al. 2010). Although it is preferable to apply the model to

relatively large metapopulations comprising 10 or more

local populations (Hanski et al. 2000), the model can also

be successfully applied to slightly smaller systems pro-

vided that there is substantial variation in habitat patch

areas and inter-patch distances (e.g., Petit et al. 2001;

Schtickzelle and Baguette 2003; Schtickzelle et al. 2006).

Dispersal within a metapopulation is described with six

parameters, including: (1) mortality in habitat patches (lp);

(2) emigration propensity (g), defined as daily emigration

rate scaled to 1 ha patch; (3) emigration scaling with natal

patch area (fem,); (4) immigration scaling with target patch

area (fim); (5) scaling of mortality during dispersal with

natal patch connectivity (k); (6) distance dependence of

dispersal (a). Both emigration and immigration scaling

parameters reflect the power relationship with patch area

(Aj), assumed to be negative for emigration (Ej�Afem

j ;

fem\ 0) and positive for immigration (Ij�Afim

j ; fim [ 0).

The probability of successful dispersal (dispersal survival

umj) is modelled to increase sigmoidally with the natal

patch connectivity: umj ¼ S2
j

.
ðkþ S2

j Þ, where Sj is patch

Fig. 1 Schematic maps of the

investigated metapopulations of

Maculinea butterflies, with

black areas representing local

habitat patches
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connectivity defined as in Hanski (1994). Hence, the square

root of k is the equivalent of patch connectivity, for which

half of dispersers starting from the patch die during dis-

persal. The a parameter describes the dispersal kernel. We

chose the negative exponential function (NEF) as the ker-

nel (as in Hanski et al. 2000), in which mean dispersal

distance (measured in km) corresponds to 1/a, rather than

the inverse power function (IPF, used e.g., by Schtickzelle

et al. 2006; Fric et al. 2010). The NEF was found to

describe movements of Maculinea butterflies quite well in

previous studies (Hovestadt and Nowicki 2008; Nowicki

and Vrabec 2011), and in the present one it also fitted the

empirical data better as revealed by the VM model good-

ness-of-fit tests. Nevertheless, it should be stressed that the

estimates of all the VM model parameters (obviously apart

from a) remained virtually unchanged when the IPF was

attempted as the dispersal kernel.

The VM model allows the estimation of its parameters

together with their 95 % confidence intervals. Since the

parameter estimates are expressed in uniform units, they

can be used for comparisons between metapopulations of

different spatial structure; with non-overlapping 95 %

confidence intervals indicating statistically significant dif-

ferences between the estimates (Schtickzelle and Baguette

2003; Schtickzelle et al. 2006). The accuracy of the model

estimates is not affected by sample size, though small

sample size clearly reduces the estimate precision (Now-

icki and Vrabec 2011).

Furthermore, the model estimates are not biased by the

spatial extent of the study area, which is a frequent problem

with descriptive statistics based on mark-recapture data,

such as maximum or mean movement distance recorded

(Schneider 2003). We derived parameter estimates sepa-

rately for males and females as well as for all individuals

pooled together. Obtaining sex-specific parameters was

important, because inter-sexual differences in dispersal,

although often neglected, are typically strong in butterflies

(Ovaskainen et al. 2008; Schultz et al. 2012).

Results

In both investigated M. arion metapopulations altogether

530 individuals were captured 1147 times with 252 inter-

patch movements recorded. The respective figures for

M. teleius comprise 2033 individuals, 3587 captures, and

208 inter-patch movements. The sex ratio was well bal-

anced in each metapopulation. Large sample sizes enabled

us to achieve relatively precise estimates of the VM model

parameters, except for M. arion metapopulation in Val

Ferret, for which the estimate precision was slightly lower

due to lower sampling effort, but still acceptable. All the

parameter estimates are presented in Figs. 2 and 3.

Maculinea arion showed better dispersal abilities than

M. teleius, as indicated by consistently higher emigration

propensity, longer dispersal distances, and lower mortality

during dispersal. Similarly, females were typically more

dispersive than males.

Concerning the main topic of our study, i.e., the effects

of isolation, the most evident one was significantly reduced

dispersal distance in isolated metapopulations of both

species (Fig. 2). The effect was the strongest in M. arion

females, in which the mean dispersal distance in the iso-

lated Cuneo metapopulation was about six times lower than

in the non-isolated Val Ferret one (1/a = 162 and 928 m

respectively). In all other cases, the reduction in dispersal

distance with isolation was approximately two- to three-

fold.

Apparently, isolation also led to increased dispersal

mortality, although the difference was significant only in

the case of the M. arion estimates for all individuals

(Fig. 3d). While the confidence intervals of the dispersal

mortality scaling parameter overlapped in all other cases

(which is in fact a common problem with this parameter as

it is the most difficult one to estimate with the VM model),

the estimate values were consistently higher in isolated

metapopulations. In absolute terms they corresponded to

twice higher proportion of individuals that die during dis-

persal in M. teleius (52 % in Podebrady vs. 28 % in Pře-

louč) and five times higher one in M. arion (21 % in Cuneo

vs. 4 % in Val Ferret).

The pattern in emigration was less consistent and not

significant in any case (Fig. 3b). The highest emigration

probability was recorded in M. arion males in Cuneo,

Fig. 2 Mean dispersal distances (with 95 % confidence intervals) in

the investigated metapopulations of Maculinea butterflies (M. arion
Val Ferret and Cuneo; M. teleius Přelouč and Podebrady), estimated

with the Virtual Migration model (1/a). circles females, triangles
males, squares all individuals pooled together. Note the logarithmic

scale applied. The differences in the pairs of estimates obtained for

isolated and non-isolated metapopulations are statistically significant

(P \ 0.05) in all the cases
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approaching 0.30 per day per 1 ha patch. The relationships

of emigration and immigration rate with patch area were

apparently not affected by isolation of a metapopulation

(Fig. 3c, e). The scaling values were close to 0, indicating

that the processes were fairly independent of patch area,

apart from immigration in Cuneo and Přelouč as well as

emigration in the latter locality. Similarly, the variation in

mortality within habitat patches did not reflect the differ-

ence in isolation (Fig. 3a). The mortality was significantly

higher in the Podebrady metapopulation of M. teleius. The

a

b

c

d

e

Fig. 3 Parameters of the

Virtual Migration model and

their 95 % confidence intervals

(a within-patch mortality;

b emigration propensity;

c emigration scaling; d dispersal

mortality scaling; e immigration

scaling), derived for the

investigated metapopulations of

Maculinea butterflies (M. arion
Val Ferret and Cuneo;

M. teleius Přelouč and

Podebrady). The estimates of

distance dependence (a) are not

included as they are presented in

Fig. 2, transformed into mean

dispersal distances (1/a). circles
females, triangles males,

squares all individuals pooled

together. Horizontal arrows
indicate statistically significant

differences (P \ 0.05) in the

pairs of estimates obtained for

isolated and non-isolated

metapopulations
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parameter values were almost identical for both sexes,

except for Val Ferret, where resident females suffered

higher resident mortality (lp = 0.31 vs. 0.21 in males).

While the difference may seem slight, it translates into

considerably shorter life span of non-dispersing individuals

(2.73 vs. 4.26 days in males).

Discussion

Main results of our analyses revealed differences in aver-

age dispersal distances and dispersal mortality between the

investigated metapopulations of Maculinea butterflies.

Regretfully, as explained in the ‘‘Methods’’, in both species

the metapopulations differ not only in isolation level, but

also in their internal fragmentation, with the isolated ones

being less fragmented. Therefore, the results obtained can

be interpreted in two alternative ways: either as a positive

effect of internal fragmentation of metapopulations on

butterfly dispersal or as a negative effects of their external

isolation. The first explanation is in line with the findings

of Hanski et al. (2004), who demonstrated that decreasing

connectivity of local populations promotes individuals with

better dispersal abilities, which are able to colonise vacant

habitat patches and establish new populations. On the other

hand, habitat fragmentation within stable metapopulations

with long-lasting local populations can be assumed to

negatively affect dispersal through increasing its costs, as

predicted by theoretical models (Leimar and Norberg 1997;

Travis and Dytham 1999; Heino and Hanski 2001) and

confirmed empirically (Hanski et al. 2004; Schtickzelle

et al. 2006). If it is the case also for the investigated

metapopulations of Maculinea butterflies, then our results,

namely dispersal depression in relatively little fragmented

but strongly isolated metapopulations, would imply that the

external isolation of metapopulations has a stronger nega-

tive impact on dispersal than their fragmentation.

While both aforementioned explanations, i.e., fragmen-

tation promoting dispersal and isolation suppressing it, are

equally supported by our results, we believe that latter one

is more plausible for the metapopulations of Maculinea

butterflies investigated in the present study. First of all, all

these metapopulations are relatively stable, with hardly any

local extinctions and recolonisations, and thus with well-

established local populations. Apart from this, a positive

effect of fragmentation on mobility, possible in newly-

established populations, could only explain longer

dispersal distances (Hanski et al. 2004), but not lower

dispersal mortality, as the risk of unsuccessful dispersal is

likely to rise with increasing fragmentation in any scenario.

Strong reduction in dispersal distance that we have

found in strictly isolated metapopulations of both species is

easy to understand. Selection against long-distance

dispersers is inevitable in such conditions as any individual

that moves far enough to leave its metapopulation is bound

to die without a possibility to reach suitable habitat. It is

worth noting that this selection provides a feedback effect,

because shorter dispersal distance increases the effective

isolation through reducing the chances of exchange of

individuals with other metapopulations. Based on the VM

model parameters obtained, the estimated metapopulation

sizes, and the inter-metapopulation distances, it can be

estimated that per single generation approximately 2.2

M. arion individuals from Val Ferret and 0.25 M. teleius

individual from Přelouč are able to get to neighbouring

metapopulations. In contrast, butterflies starting from the

isolated metapopulations in Cuneo or Podebrady have no

chance of reaching other localities with their species (the

derived numbers of successful ‘external’ emigrants are less

than one per billion generations).

The differences in dispersal mortality recorded for the

investigated metapopulations may be less spectacular and

confirmed as significant only for M. arion, but they pos-

sibly offer the most direct evidence for ongoing selection

against dispersers. The increased mortality in isolated

metapopulations stems from two separate phenomena.

First, lower values of dispersal mortality scaling indicate

that for a given connectivity of a natal patch the butterflies

are more likely to die while dispersing, which e.g., may

imply their decreased ability of finding other patches (cf.

Merckx and Van Dyck 2007). Second, shorter dispersal

distances mean that the connectivity of each patch becomes

lower. The latter phenomenon is a good illustration of the

discrepancy between structural connectivity defined by the

spatial structure of habitat patches, and functional con-

nectivity reflecting the actual potential for the exchange of

individuals, which has been recently gaining a growing

attention in ecology (Goodwin 2003; Baguette and Van

Dyck 2007; Pe’er et al. 2011).

Relatively high levels of dispersal mortality in M. teleius

as compared with those found M. arion should not be

viewed as a genuine interspecific difference. Instead, they

apparently reveal the typical increase in years when but-

terflies densities peak above carrying capacities and dis-

persal is undertaken also by individuals less adapted to it

(Nowicki and Vrabec 2011). Although densities exceeding

carrying capacities occur only once in a few years (Now-

icki et al. 2009), thus rather infrequently, extremely high

mortality of adult dispersers in such years (over 50 % in

the isolated Podebrady metapopulation) becomes strong

selection driver, especially because it coincides with high

mortality of larvae due to severe intra-specific competition

(Hochberg et al. 1994).

Schtickzelle et al. (2006) proved the decrease in emi-

gration rate in a highly fragmented metapopulation, but our

evidence for the negative impact of isolation on emigration

Popul Ecol (2013) 55:469–478 475
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is unconvincing; in the case of M. arion we even found the

opposite trend. In other words, while isolation results in the

shorter inter-patch movement distances and higher mortality

associated with the movements, it does not necessarily

reduce the number of movements undertaken. The expla-

nation for this pattern may be the fact that although long-

distance movements, constituting genuine dispersal, are

suppressed, daily routine movements are not affected. It has

been recently shown that many such routine movements are

performed between separate habitat patches, if these are

small and located close to one another (Hovestadt et al.

2011). The same argument may be used to explain particu-

larly high emigration rate of M. arion in Cuneo. It may be

expected that a great majority of their inter-patch movements

were routine flights in search of females, since several pat-

ches in this metapopulation are very small and inhabited by

few butterflies. To support the above hypothesis it is worth

mentioning that many male movements in Cuneo were back

and forth flights between pairs of small patches.

Other dispersal parameters considered in the present

study do not seem affected by isolation. We suggest that

the observed patterns in emigration and immigration scal-

ing parameters stem from the fact that the negative effect

of patch area on emigration and its positive effect on

immigration were moderated by the existing strong varia-

tion in patch shape and quality (Casacci et al. 2011;

P. Nowicki, unpublished data). Only in the Přelouč meta-

population the largest patches were also of the best quality,

which discourages emigration and promotes immigration.

In turn, adult mortality within patches is most likely shaped

by weather as frequently found in butterflies (Schtickzelle

et al. 2002; Casula and Nichols 2003; Nowicki et al. 2009;

Matter et al. 2011). Similarly, while it is tempting to view

lower within-patch mortality rate of M. arion females from

Val Ferret (which were the most dispersive of all groups

investigated in our study) as a manifestation of a trade-off

between longevity and dispersal abilities (Hanski et al.

2006), this finding should also be attributed to weather

conditions. Like most other butterflies Maculinea are

characterised by protandry, i.e., most females eclose later

in the season during the flight period (Pfeifer et al. 2000;

Nowicki et al. 2005c), and indeed in the second half of the

surveyed season the weather in Val Ferret was unfavour-

able for butterflies with many rainy days.

Apart from its evolutionary and ecological consequences

discussed above, dispersal depression in isolated metapop-

ulations has serious conservation implications. First of all,

our findings, revealing strong spatial variability of dispersal

parameters in both investigated species, provide a clear

argument against using parameter values obtained in a

different environmental setting in modelling applications,

e.g., population viability analyses. This is, unfortunately, a

common problem due to little availability of dispersal

parameters even for well-studied species (Schtickzelle and

Baguette 2009; Radchuk et al. 2012). In addition, one

cannot rely on dispersal parameters to remain unchanged, if

the isolation of a focal locality increases. To illustrate the

point: even if at present butterflies of a given species easily

cover the distance of a few kilometres separating two

metapopulations, one should not expect that they will still

be able to do so after a barrier, e.g., a highway, emerges

between them. Admittedly, in present study we only doc-

umented the impact of isolation by distance, nevertheless

any barrier reducing functional connectivity should also

impose selection against dispersal. This needs to be taken

into account, for instance in environmental impact assess-

ment. Finally, similar selection against dispersal may hap-

pen in reintroduced populations. Despite the fact that

reintroduced individuals typically originate from non-iso-

lated localities, their descendants are bound to gradually

loose their dispersal abilities if the reintroduction site is

severely isolated. The above prediction is confirmed by the

case of M. nausithous and M. teleius reintroduction in the

Netherlands. The Moerputten site where both species have

been released in 1990 was strictly isolated in early years

after the reintroduction; only later suitable habitats were

created in its vicinity, but their colonisation is going very

slowly (Wynhoff 1998; van Langevelde and Wynhoff

2009). To avoid such a situation it is recommended to

establish a well-connected network of suitable habitats

before (rather than after) the reintroduction takes place.
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