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Summary: The European Roma represent a transnational mosaic of minority population
groups with different migration histories and contrasting experiences in their interactions
with majority populations across the European continent. Although historical genetic contributions of European lineages to the Roma pool were investigated before, the extent of contemporary genetic admixture between Bayash Roma and non-Romani majority population
remains elusive. The aim of this study was to assess the genetic structure of the Bayash Roma
population from northwestern Croatia and the general Croatian population and to investigate
the extent of admixture between them. A set of genetic data from two original studies
(100 Bayash Roma from northwestern Croatia and 195 individuals from the general Croatian
population) was analyzed by Bayesian clustering implemented in STRUCTURE software. By
re-analyzing published data we intended to focus for the first time on genetic differentiation
and structure and in doing so we clearly pointed to the importance of considering social phenomena in understanding genetic structuring. Our results demonstrated that two population
clusters best explain the genetic structure, which is consistent with social exclusion of Roma
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and the demographic history of Bayash Roma who have settled in NW Croatia only about 150
years ago and mostly applied rules of endogamy. The presence of admixture was revealed,
while the percentage of non-Croatian individuals in general Croatian population was approximately twofold higher than the percentage of non-Romani individuals in Roma population
corroborating the presence of ethnomimicry in Roma.
Key words: population substructure, bottleneck, Bayesian clustering method, ethnomimicry.

Introduction
The Roma are an example of a population that do not share a common homeland,
speak different languages and dialects, and consist of individuals of various religions.
They are composed of a mosaic of groups differing in cultural and social structures
and customs, sometimes separated by strict rules of endogamy. The European Roma
are an example of a transnational founder population with common Indian origins
(Gresham et al. 2001, Morar et al. 2004, Peričić et al. 2005, Malyarchuk et al. 2006,
Gusmao et al. 2008, Martinović Klarić et al. 2008, Peričić Salihović et al. 2011). It is
assumed that contemporary Roma originated from a small number of ancestors
whose exodus from their original homeland in western India produced a very pronounced primary bottleneck effect about 40 generations ago (Morar et al. 2004). Various social and economic pressures within Europe led to a gradual fragmentation of
the population into numerous subgroups as well as to secondary bottleneck effects 6
to 24 generations ago (Morar et al. 2004). The composition of the present-day Roma
populations of European countries is the complex product of the early migrations
from the Balkans into western Europe, completed by the 15th century, and three subsequent migration waves: the first during the end of the 19th century after the abolition of Gypsy slavery in Romania (Hancock 1987, Fraser 1992, Liégeois 1994); the
second out of Yugoslavia during the 1960s and 1970s; and the third during the end of
the 20th century following the political and economic changes in eastern Europe
(Reyniers 1995). It has been estimated that between 12 and 14 million Roma people
from different Roma groups live in Europe. Many of them live in non-registered settlements or are not registered; they move often and it is difficult to enumerate them
in the official census (Njegovan 2011). The largest numbers of Roma are concentrated in central and southeastern Europe (Liégeois 1994, Marushiakova & Popov
2001).
The first written record of Roma presence in Croatia dates back to the 14th century
court registers in Dubrovnik, southern Croatia (Šlezak 2010). These were most likely
sporadic settlers, craftsmen of Romani origins. The 19th century migrations to northwestern Croatia involve Koritari (as one of many Bayash groups), as a consequence
of migrations out of Romania, after abolition of slavery there after 1856 (Vojak
2004). Newly freed Roma groups, forced by their difficult economic and social position, began to emigrate from Romanian lands to the neighboring countries. The use
of Romani language was prohibited during the period of slavery in Romania and
some groups adopted Romanian language as their mother tongue. The branch of
Roma people in Croatia that speak the archaic dialect of the Romanian language
(ljimba d’bjaš) are the Bayash. Besides Medimurje and Baranja in Croatia, the Bayash are also settled in parts of Hungary, Serbia, Bosnia and Herzegovina, Bulgaria
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and Romania, and, to a lesser extent, parts of Macedonia, Greece, Ukraine, Slovakia
and Slovenia. Historically, the Bayash pursued traditional trades including crafting of
wooden objects (utensils, troughs, spindles), however, today traditional crafts are
being replaced by consumer goods trading and the collection and sale of secondary
raw materials, especially metals (copper) and plastics. One of the rare crafts that have
been preserved only in a few Bayash families is basket-making.
Although some Bayash families live side by side with the majority population of
Croatia, most of the population lives in large groups, segregated from the rest of population – usually in the outskirts of villages or small towns without facilities such as
sewage, waterworks, garbage collection, roads (Škarić Jurić 2007). The tradition of
keeping multi-child families is preserved in the Bayash population in which women
marry young and give birth to many children. The traditional assumption of seminomadic and nomadic life-style is not evident in the Bayash population which
showed a reduced tendency to migrate (Mišetić 2005). According to the last official
population census (2011) there are 16.975 registered Roma in Croatia (0.40 % of the
total Croatian population). However, by the more realistic estimate accepted by both
the Croatian government and Roma NGOs and used by international organizations,
there are between 30,000 and 40,000 Roma in Croatia, comprising 1 % of the total
population. The reasons for the discrepancy between the census and estimates are
complex and mostly arise from the decision by the Roma to ignore the census or
declare themselves as member of some other nationality (ethnomimicry) (Škarić
Jurić 2007). The largest Roma communities are located in Medimurje County in
northwestern Croatia (5,107) where an estimated 30 % of the total Roma population
in Croatia lives (UNDP 2005).
Whereas the utility of hypervariable DNA polymorphisms, short tandem repeat
(STR) in forensic applications is undisputed, their usefulness in understanding patterns of modern human variations is being widely debated. STR studies of human differentiation providing an overview of population structure and demographic history
of human populations (e.g. Deka et al. 1995, Jorde et al. 1997, Rosenberg et al. 2002,
Rosenberg et al. 2005, Rosenberg et al. 2006, Perez-Miranda et al. 2005, Handley et
al. 2007, Zhivotovsky et al. 2009, Listman et al. 2010), including admixture analyses
(e.g. Halder et al. 2009, Kutanan et al. 2011). Recent episodes of admixture and nonrandom mating contribute significantly to creation of populations with variable proportions of ancestral genetic signals. Therefore, anthropological genetic research is
often focused on studying the role of genetic ancestry and admixture in population
structuring.
Admixture, the genetic consequence of mixing between genetically differentiated
populations resulting from geographical, ecological or cultural diversion, is common
in human evolution (Kutanan 2011). However, there are communities with a low
extent of admixture with surrounding populations, an unusually high degree of isolation, endogamy and inbreeding. Within isolation regions, a substructure of markedly
differentiated endogamous subpopulations is often maintained, as reported in the
Eastern Adriatic islands in Dalmatia, Croatia (Rudan et al. 1987, Wadle et al. 1998,
Rudan et al. 1999, Martinović Klarić 2005, Vitart et al. 2006, Vitart et al. 2008,
Novokmet et al. 2011, Karns et al. 2012), Sardinian region of Ogliastra (Fraumene et
al. 2003), in the Daghestan highlands (Bulayeva et al. 2003) and in mountainous
areas in Bosnia (Marjanović et al. 2004). One of the most interesting examples of
human isolates is the Roma people.
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Population-genetic studies of the Roma from different European countries have
mostly sought to compare the Roma to autochthonous Europeans and to identify
genetic affinities with proposed parental populations and with other Roma populations. A summary of classical genetic data (Kalaydjieva et al. 2001) reconfirmed the
Indian origins and stressed internal diversification of the Roma who appear to be
more heterogeneous than autochthonous European populations. In most eastern and
south-eastern European countries, including the Republic of Croatia, the Roma are
one of the national minorities exposed to a high degree of socio-economic, political,
spatial and cultural marginalization and stigmatization. The most common reasons
cited for the difficult position of Roma are inadequate inclusion in the formal educational system, labor market and health care system. Despite this, a significant rate of
admixture of the Roma with the host populations they contacted during their migratory history was suggested (Gusmao et al. 2010). Martinović Klarić et al. (2008)
found that almost half of the paternal pool of Croatian Bayash is made of typical
European lineages that originate from the more distant part of Roma European history (between the eleventh and fourteenth centuries AD) rather than from contemporary times. Furthermore, based on their field work data, the authors estimated that
approximately 90 % of the Bayash people chose partners from the Bayash communities in Croatia, Serbia and, occasionally, Hungary. However, the extent of contemporary genetic admixture between Bayash Roma and non-Romani majority population
remains elusive.
The aim of this study is to analyze microsatellite variation at 15 loci (D8S1179,
D21S11, D7S820, CSF1PO, D3S1358, TH01, D13S317, D16S539, D2S1338,
D19S433, VWA, TPOX, D18S51, D5S818 and FGA) in the population of Bayash
Roma from northwestern Croatia (NWC), and in the general Croatian Population in
order to: (1) assess the genetic structure using genetic differentiation coefficient
(FST) and a Bayesian clustering method, (2) investigate the extent of admixture
between the two studied populations, and (3) investigate whether the historical demographic bottlenecks are accompanied by a genetic signature in NWC Bayash Roma
population.

Subjects and methods
Sample and DNA typing
This study included 100 unrelated adult individuals of Bayash Roma from northwestern Croatia (town of Čakovec, Medimurje County) (Fig. 1). DNA extraction from whole blood, PCR
amplification of autosomal STRs and DNA typing were performed as described previously
(Novokmet & Pavčec 2007). The study also included a representative sample of 195 unrelated individuals born in Croatia, from 14 counties and the city of Zagreb, representing general Croatian population. DNA extraction from buccal swabs, PCR amplification and DNA
typing were carried out as described earlier (Projić et al. 2007).

Statistical evaluation
Population comparisons by loci and between subpopulations, based on the estimation of gene
diversity (h), coefficients of genetic differentiation (FST) and locus by locus analysis of
molecular variance (AMOVA) were computed according to the methods implemented in
Arlequin version 3.5.1.2 software (Excoffer & Lisher 2010). Gene diversity was estimated as
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where n is the number of gene copies in the sample, k is the number of haplotypes, and pi is
the sample frequency of the i-th haplotype (Nei 1987). Populations structuring was investigated by Bayesian clustering implemented in STRUCTURE 2.3.3 software (Pritchard et al.
2000), which probabilistically assigns individuals to populations based on their multi-locus
genotypes. We applied the model allowing for correlated allele frequencies and the admixture
model, which permits mixed ancestry within individuals. A total of 1,000,000 Markov Chain
Monte Carlo iterations after a burn-in period of 100,000 iterations were run for each number
of genetic clusters (K, ranging from 1 to 4). For each value of K we repeated the analysis ten
times and estimated the posterior probability of clustering from the average logarithmic probability of data across repeats. The most probable number of clusters was selected by calculating the K value, which is based on the rate of change in the log probability of data between
successive K values (Evanno et al. 2005) using STRUCTURE HARVESTER v.0.6 (Earl &
von Holdt 2012). Further, the program STRUCTURE 2.3.3 (Pritchard et al. 2000) was used
in individual-level admixture analyses where individual admixture proportions (q) were estimated. If individuals were admixed, they were assigned to two or more populations, allowing
an estimation of their ancestry.
To test for genetic evidence of recent bottleneck events, we calculated the heterozygosity
excess for each locus and population. Calculations were performed by the program Bottleneck, v. 1.2.02. (Piry et al. 1999). When a population has been recently reduced in size, there
is a deficit of rare alleles relative to the number expected in a population at equilibrium
(because rare alleles are generally first lost through genetic drift). Since rare alleles contribute relatively little to the expected heterozygosity, there will be an excess of observed heterozygosity when compared to a population at equilibrium with an equivalent number of alleles

Fig. 1. Geographic location of the Republic of Croatia and the position of the town of Čakovec in NW Croatia.
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(Luikart et al. 1998). Consequently, in a recently reduced population, the gene diversity will
be higher than that expected at equilibrium. Gene diversity was estimated under two models
of molecular evolution: the two-phase model (TPM) and the stepwise mutation model
(SMM). The TPM has been shown to be the most appropriate for microsatellite DNA data
(DiRienzo et al. 1994). We used TPM with 95 % single-step mutations and 5 % multiple-step
mutations, and a variance among multiple steps of 12, as recommended by Piry et al. (1999).
Ten thousand iterations were used for each mutation model. The probability of significant
heterozygosity excess was determined using Wilcoxon signed rank test.

Results and discussion
The average gene diversity across 15 markers was 0.744 (± 0.376) for NWC Bayash
Roma which was lower than that observed in general Croatian population 0.777
(± 0.390). This diversity reduction of 4.25 % was already reported by Gusmao et al.
(2010) and the fact that the decrease was higher than that reported for any other
Roma-host population pair was attributed to possible stronger effects of drift on Croatian Roma than other European Roma as a consequence of more fragmentation
events in their demographic history. The allele frequency distribution of the 15
AmpFlSTR Identifiler Loci in NWC Bayash Roma as well as the general Croatian
population were previously published in the articles Novokmet & Pavčec (2007) and
the article Projic et al. (2007), respectively.
Genetic distances between pairs of those two subpopulations, quantified using FST
measures, revealed statistically significant amount of genetic differentiation (3.4 %)
(Table 1). Previous comparisons of NWC Roma with neighboring central and southeastern European non-Roma and available Roma populations revealed lower coefficients of genetic differentiation among Roma population pairs (ranging from 0.7 % to
3 %) and mostly greater coefficients of genetic differentiation among Roma and nonRoma population pairs (ranging from 3.1 % to 9.9 %) (Novokmet & Pavčec 2007) as
compared to that obtained in our study (3.4 %). Likewise, locus-by-locus AMOVA
pair-wise comparisons revealed significant differences between NWC Bayash and
general Croatian populations at all loci using FST statistics (Table 1).
Bayesian clustering analysis in STRUCTURE identified K = 2 as the most likely
number of clusters. The maximum value of mean log-likelihood was observed at K =
2 and estimates of K revealed the largest increase in the likelihood of the number of
clusters also at K = 2 (Fig. 2). Most of the individuals of the NWC Roma population
were assigned to a single genetic cluster and most of the individuals of the general
Croatian population were assigned to another, while no further structuring was
detected among either of the clusters (Fig. 3). Our failure to detect signals of further
population substructuring among general Croatian population is in line with previous
findings. Namely, preliminary Structure analysis of the Croatian population revealed
no population structuring, and estimated that the most likely number of subpopulations identified was K = 1 (Martinović Klarić et al. 2005). The authors could not cluster individuals from the mainland and five isolated Croatian islands according to their
geographic origin. Further, Novokmet (2011) did not detect signals of population
structuring in a sample of Croatian population that included mainland and a larger
number of isolated island populations. This was expected since the degree of genetic
differentiation between the Croatian island populations was smaller (FST ranged from
0.02 % to 2.8 %; Novokmet et al. 2011) than that detected in this investigation
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Table 1. Locus-by-locus AMOVA (p-value) and coefficient of genetic differentiation (FST)
between NWC Bayash Roma and general Croatian population.
Locus

FST

D8S1179

0.025 (0.000)

D21S11

0.020 (0.001)

D7S820

0.146 (0.000)

CSF1PO

0.033 (0.000)

D3S1358

0.016 (0.004)

TH01

0.011 (0.019)

D13S317

0.044 (0.000)

D16S539

0.024 (0.000)

D2S1338

0.019 (0.000)

D19S433

0.041 (0.000)

vWA

0.017 (0.000)

TPOX

0.016 (0.002)

D18S51

0.044 (0.000)

D5S818

0.030 (0.000)

FGA
Overall

0.016 (0.001)
0.034 (p = 0.000)

Significant values (p = 0.05) are marked in bold.

Fig. 2. Mean log likelihood values LnP(D) (left) and the rate of change in the log probability
of data between successive values of K (ΔK) (right) as a function of the number of genetic
clusters (K) averaged over 10 independent STRUCTURE runs for each K.

between Bayash Roma and general Croatian population. In addition these results
were based on only nine microsatellite loci.
Our results obtained with the clustering algorithm implemented in STRUCTURE
illustrated that as low as 15 highly polymorphic loci was sufficient to reveal consistent structure, when differentiation was relatively high (FST = 3.4 %). This is also in
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Fig. 3. Probabilistic assignment of NWC Roma and Croatian population to the genetic clusters inferred by Bayesian analysis performed in STRUCTURE, with K = 2 and K = 3. The
most likely number of genetic clusters in the data set was identified as two. Each individual
is represented by a vertical column partitioned into K segments that represent the individual’s
estimated membership fractions in K clusters. Numbers in parentheses indicate sample sizes
of self-reported NWC Romani and Croatian populations.

line with the findings of Latch et al. (2006), that at levels of genetic differentiation of
FST 욷 3 %, STRUCTURE correctly estimates the number of genetic clusters, K. Further, this is consistent with the demographic history of NWC Bayash Roma who have
settled in NW Croatia only about 150 years ago, and whose interactions with majority
populations have often taken the form of ethnic stigmatization or even complete
social exclusion, in addition to strict rules of endogamy applied in Bayash (Martinović-Klarić et al. 2008).
Further, we estimated admixture proportions (q) for each individual, using the program STRUCTURE. Individuals were assumed as the admixed ones if the admixture
proportion to their inferred population was 0.2 < q < 0.8 which was set as an arbitrary
conservative cut-off value. The individuals with q < 0.2 were assigned to a cluster
opposite to their self-reported population. We further used even more conservative
cut-off values of 0.75 and 0.7, as a threshold value for assuming the individuals as
either admixed or clustering to the opposite population.
Eighty-seven individuals with self-reported Romani ancestry showed little or no
evidence of admixture with the general Croatian population at the 0.8 level (estimated admixture proportions < 0.2) (Table 2). The proportion of the general Croatian
population ancestry in ten Romani individuals (10 %) ranged from 0.2 to 0.6 (Fig. 3),
whereas three individuals with self-reported Romani ancestry (3 %) clustered with
general Croatian population (q > 0.8). Among samples from general Croatian popu-
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Table 2. Percentages (%) of individuals self-reported as either Romani or Croatians classified according to their membership proportions inferred by Structure, for 0.8; 0.75 and 0.7
cut-off values (i.e., if an individual self-reported as Roma and the inferred membership proportion was q > cut-off value, he/she was added to the inferred Roma cluster. If an individual’s membership proportion was (1 – cut-off value) < q < (cut-off value), he/she was classified as admixed. If an individual was self-reported as Roma and inferred membership proportion was q < (1 – cut-off value), he/she was added to the inferred Croatian cluster.
0.8 level
self-reported as

inferred by Structure
Roma

admixed

Roma

87

10

3

Croatian

2

22

76

0.75 level
self-reported as

Croatian

inferred by Structure
Roma

admixed

Croatian

Roma

91

6

3

Croatian

2.6

17.4

80

0.7 level
self-reported as

inferred by Structure
Roma

admixed

Croatian

Roma

92

5

3

Croatian

4.1

12.8

83.1

lation, there were 149 individuals (76 %) assigned to inferred Croatian cluster with
q > 0.8, while 43 individuals (22 %) showed evidence of admixture (estimated admixture proportions ranged from 0.2 to 0.76). Three individuals (2 %) sampled as
belonging to general Croatian population clustered with inferred Roma (q > 0.8). As
expected, with lower cut-off values the number of individuals with little or no evidence of admixture increases, while the number of admixed individuals decreases.
When comparing the proportion of individuals with admixed ancestry or clustering
with the opposite population between inferred Roma and Croatian populations
(Table 2), it is evident that the percentage of non-Croatian individuals (as inferred by
Structure) in the general Croatian population is approximately twofold higher than
the percentage of non-Roma individuals (as inferred by Structure) in the Roma population (24 % versus 13 % at the 0.8 level). This ratio is evident also at both lower cutoff values (20 % versus 9 % at the 0.75 level; 16.9 % versus 8 % at the 0.7 level).
Loosely speaking, these results suggest that among individuals that represent the general Croatian population there are twice as many non-Croatian individuals (as
inferred by Structure) than there are non-Roma individuals (as inferred by Structure)
among individuals that are declared as Roma. This result is congruent with the notion
that a great number of the Roma people still declare themselves as members of some
other nationalities, most often in accordance with the language of the area in which
they live, i.e. according to the dominant ethnic group (Njegovan 2011), in this case
Croatian. The Roma may opt not to self-identify for various reasons, such as fear of
discrimination (Barany 2001). Moreover, a high percentage of the Bayash population
of Medimurje (85 %) choose Croatian citizenship, most likely to obtain social welfare support allowance (Škarić-Jurić et al. 2007). Our results are in agreement with

eschweizerbart_XXX

330

Natalija Novokmet et al.

ethnomimicry, a widespread tendency among the Roma to camouflage their ethnic
background with a more perceived respectable identity that offers them better prospects
of survival, although it seems that they are never fully assimilated into the group with
which they identify (Duijzings 2000). Likewise, our results suggest that mixed Roma
and non-Roma couples might prefer to leave Roma communities and integrate into the
Croatian society. This is not surprising since the Roma have almost always lived worse
off than their surrounding non-Roma populations (Friedman 2007).
Our finding of admixed and non-Roma individuals among individuals self-identified as Roma are in line with the finding that Croatia is one of the countries in which
a few individuals self-identified as Roma present very long genomic segments of
non-Roma origin (Mendizabal et al. 2012), and it further corroborates the shift in the
social rules of the acceptance of Roma and non-Roma couples within Roma groups.
However, the relatively low levels of admixture and low numbers of non-Roma individuals found in the Roma population (Table 2) suggests endogamous traditions
among Bayash Roma in Croatia, as opposed to general Croatian population.
Our re-analysis indicated specific cultural and social issues imprinted in the contemporary genetic structure of one particular Romani group in Croatia – the Bayash.
In the case of Bayash genetic structure it is important to consider specific problems
with integration with the host population and dilemmas in declaring Roman identity
for the fear of discrimination.

Bottleneck testing
For the Bottleneck analysis, Wilcoxon signed-rank tests were significant for NWC
Roma population under both mutational models: TPM with 95 % single-step mutations (p = 0.00754) and SMM (p = 0.02063), providing evidence that the historical
demographic bottlenecks are indeed accompanied by a genetic signature in NWC
Bayash Roma population. This finding confirms the hypothesis of multiple exposures of Roma populations to the founder and bottleneck effects – the last being the
settlement of a groups of Roma in the northwestern Croatia in the 19th century
(Vojak 2004). It is assumed that contemporary Roma originated from a small number
of ancestors whose exodus from their original homeland in western India produced a
very pronounced primary bottleneck effect about 40 generations ago (Morar et al.
2004). Various social and economic pressures within Europe led to a gradual fragmentation of the population into numerous subgroups as well as to secondary bottleneck effects 6 to 24 generations ago (Morar et al. 2004). Contrary to that, Wilcoxon
signed-rank test did not provide evidence for a genetic bottleneck in the general Croatian population under either mutational model: p = 0.42346 under TPM with 95 %
single-step mutations and p = 0.97604 under SMM. This result was expected and in
line with the historic data, which did not suggest any demographic bottleneck in the
recent history of a Croatian population, in spite of the fact that some small Croatian
populations experienced bottlenecks (Vitart et al. 2006).
In conclusion, our results obtained by Bayesian clustering showed that as few as
15 highly polymorphic microsatellite markers is sufficient to reveal consistent structure between Roma and a neighboring majority population, if differentiation is relatively high. Our results further reveal the extent of admixture between Bayash Roma
and the general Croatian population, with higher percentages of admixed and non-
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Croatian individuals found in the general Croatian population and lower percentages
of admixed and non-Roma individuals found in the Bayash Roma population, which
is in line with the presence of ethnomimicry in Roma. Further studies on other Roma
and their respective majority populations would help in gaining insights into extent of
a recent or ongoing admixture between Roma and the neighboring majority nonRoma populations and in revealing whether the level and direction of admixture
varies geographically and temporally.
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Kapović, M. & Rudan, P. (2011): Genetic polymorphisms of 15 STR loci in the population
of the island of Cres (Croatia). – Ann. Hum. Biol. 38 (1): 12–21.
Njegovan, B.R. (2011): Social integration of Roma people – the importance and remit of
Roma media: a case study. – Trames. 15: 102–119.
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