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Abstract Boloria eunomia is a boreo-montane butterfly

species suffering from habitat loss and isolation in the re-

lictual part of its distribution range. Small populations

persist in habitats scattered on plateaux or low mountains

in western, central and southern Europe. Quantifying gene

flow within and between these remnant populations is thus

a crucial point to properly delineate metapopulations, to

understand their dynamics and hence to design appropriate

conservation plans for this butterfly species. We developed

primers for the amplification of 15 microsatellites loci for

B. eunomia. Thirteen loci were grouped in 2 multiplexes

and amplified in 50 individuals from 5 populations to

validate their use in population genetics. Gene diversity

was on average 0.63 across populations. Null alleles and

recurrent Hardy–Weinberg disequilibrium were detected in

7 loci. However, Fst estimates after correction for the

presence of null alleles were highly correlated (0.91) to Fst

estimates without correction. The loci developed here are

thus usable for fine scale population genetic analyses and

represent a very useful tool to quantify gene flow within

and between metapopulations of B. eunomia.

Metapopulations consist in spatially structured populations

that exchange genes through dispersal of individuals.

Individual dispersal allows both the recolonization of

locally extinct populations and the rescue of declining local

populations, which ensures the long-term persistence of the

metapopulation. The study of metapopulation dynamics is

central to conservation biology because habitat loss and

isolation, major threats to biodiversity, increase the number

of species that are forced to function as metapopulations.

The bog fritillary butterfly Boloria eunomia is a cir-

cumpolar butterfly: in Europe, its distribution is typical of a

boreo-montane species with a central, continuous part in

Fennoscandia, and marginal parts widely scattered on

uplands in Western Europe and mountainous parts of

central and southern Europe (Vandewoestijne and Baguette

2004). In these marginal populations in unfertilised wet hay

meadows along rivers or in peat bogs, both larvae and

adults feed exclusively on Persicaria bistorta. These re-

lictual populations are threatened by the destruction of their

habitat and B. eunomia is protected in France, Belgium,

Serbia and Bulgaria. Over the last two decades, Belgian

metapopulations of B. eunomia have been extensively

studied using Capture-Mark-Recapture methods, making

the species one of the classical butterfly model species in

the study of metapopulation. Detailed studies provided

important knowledge on habitat definition, demography,

dispersal and movement (Baguette et al. 2011).

An important step forward in our understanding of the

effect of habitat fragmentation on B. eunomia persistence

would be to quantify the amount of gene flow within and
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between these metapopulations. Allozymes and RAPD

have already been used to study the genetic structuring of

European populations (Vandewoestijne and Baguette

2004, Nève et al. 2008), but these markers are limited for

most population genetic inferences. Allozymes can be

under current selection and may reveal to be monomorphic

at small spatial scale, while codominance and reproduc-

ibility problems occur with RAPD.

We developed 15 microsatellites in B. eunomia to

provide better genetic markers for population and land-

scape genetics. Using 15 individuals, Ecogenics GmbH

(Zurich, Switzerland) made an enriched library from size

selected genomic DNA ligated into SNX forward/SNX

reverse linker (Hamilton et al. 1999) and enriched by

magnetic bead selection with biotin-labelled (CT)13,

(GT)13, (GTAT)7 and (GATA)7 oligonucleotide repeats.

Of 528 recombinant colonies screened, 347 gave a positive

signal after hybridization. Plasmids from 175 positive

clones were sequenced and primers were designed for 32

microsatellite inserts, of which 25 were tested for poly-

morphism. Among them, only 15 amplified correctly

(specific product, simple allelic pattern) and were poly-

morphic (Table 1). To test for their utility in population

genetics, we re-amplified them on a second set of 50

individuals originating from 5 populations (10 individuals

per population) from the Ardenne region, Belgium. Indi-

vidual DNA was extracted from a leg preserved in absolute

alcohol with DNeasy Tissue Kits (QIAGEN). We per-

formed Polymerase Chain Reactions (PCR) to test for

single amplification in 10 lL reaction volumes using

Qiagen Type-it Microsatellite PCR Kits with 5 lL of PCR

MasterMix (HotStarTaq Plus DNA polymerase, PCR

buffer, dNTP mix), 1 lL of template DNA (1–10 ng),

1 lL of primer mix (final concentration: 0.2 lM each) and

3 lL of high purity water. PCR were conducted using a

Labcycler (Sensoquest) with initial denaturation of 95 �C

for 15 min followed by 30 cycles of 94 �C for 30 s, 59 �C

for 1 min 30 s and 72 �C for 30 s, and a final extension at

72 �C for 45 min. Thirteen loci amplified correctly, as

revealed by the clear signal of amplicons on agarose 0.8 %

gels. We grouped them in 2 multiplexes (Table 1) and re-

amplified individuals using forward primers labelled with

fluorescent dyes. Fragments were visualized using an ABI

PRISM 3730 sequencer (Applied Biosystems). After this

multiplexing procedure, one locus did not amplify. The

total number of alleles per locus for the 12 others ranged

from 3 to 11 (Table 1). We verified that there was no

linkage disequilibrium between pairs of loci after False

Discovery Rate correction using GENEPOP. Mean Poly-

morphic Information Content overall loci was 0.63, indi-

cating a reasonable discrimination between individuals.

Mean expected heterozygosity overall loci was 0.68. Four

loci were repeatedly monomorphic or repeatedly departedT
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from Hardy–Weinberg Equilibrium, and null alleles were

detected in 7 loci using FreeNA. This problem is recurrent

when developing microsatellite in butterfly species, even

when a combination of biotin-enrichment protocol and 454

GS-FLX Titanium technology is used (Sinama et al. 2011).

Nonetheless, estimated Fst between the 5 populations after

correction for the presence of null alleles were highly

correlated with non-corrected Fst indicating that the total

dataset may be usable in population genetics.

The set of loci described here opens new perspectives

for the use of B. eunomia as a model species for meta-

population and dispersal ecology. Among others, it is now

possible to build pedigrees and estimate gene flow, which

is crucial for the delineation of metapopulations and the

management of operational conservation units.

Acknowledgments This study was supported by the ANR (French

National Research Agency) through the FP6 Biodiversa ERANET

TenLamas project. D.L., M.H., V.M.S. and M.B. are part of the

Laboratoire d’Excellence TULIP (ANR-10-LABX-41).

References

Baguette M, Clobert J, Schtickzelle N (2011) Metapopulation

dynamics of the bog fritillary butterfly. Experimental changes

in habitat quality induced negative density-dependent dispersal.

Ecography 34:170–176

Hamilton MB, Pincus EL, Di Fiore A, Fleischer RC (1999) Universal

linker and ligation procedures for construction of genomic DNA

libraries enriched for microsatellites. Biotechniques 27:500–507
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