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Abstract – The genetic structure of the Iberian honeybee (Apis mellifera iberiensis) was studied by
analysing 10 microsatellite loci in 362 workers representative of nine Spanish provinces. Heterozygosity
values of Iberian honeybee populations are intermediate between African and west European populations,
whereas allelic diversity is remarkably high at several loci. There is no definite geographic structure of
Iberian honeybee populations. At a peninsular scale the expected clinal pattern observed with mitochon-
drial data probably has been lost due to the extensive practice of migratory beekeeping and increased ex-
change of colonies among beekeepers. Due to these practices, it is expected that the genetic homogenisation
will increase during the next years. Though this might have positive effects on honey production, putative
ecotypes existing in Iberia would be prone to disappear.

Apis mellifera / population genetics / synthesis maps

1. INTRODUCTION

Mediterranean populations of the honey-
bee Apis mellifera belong to four evolution-
ary lineages characterised by morphologi-
cal (Ruttner, 1988) and molecular characters
(Smith et al., 1991; Garnery et al., 1992;
Estoup et al., 1995; Arias and Sheppard, 1996;
Franck et al., 2001). Each lineage has a par-
ticular distribution: Africa (A lineage), West
and North Europe (M lineage), Southeast Eu-
rope (C lineage) and Near and Middle East (O
lineage). Lineages A and M intergrade in the
Iberian Peninsula giving rise to the subspecies
A. m. iberiensis Engel, 1999. Hybridisation in
this subspecies is observed in morphological
and ethological characters (Ruttner, 1988).
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The hybrid origin of the Iberian honey-
bee, fully documented in thousands of sam-
ples representative of the whole peninsula,
can be observed in the mitochondrial DNA,
which shows haplotypes belonging to both A
and M evolutionary lineages (Miguel et al.,
2007; Cánovas et al., 2008). Honeybee pop-
ulations from the Iberian Peninsula show a
definite structure with regard to mitochondrial
markers, as the frequency of African haplo-
types decreases from southwestern to north-
eastern Iberia while West European haplo-
types increases in the same ratio. This result is
likely supported by both historical and selec-
tive factors: successive cycles of colonisation,
extinction, survival in refugia and recovery of
Iberian populations during Pleistocene glacia-
tion events, and adaptation to local conditions
(Miguel et al., 2007; Cánovas et al., 2008).

It is unclear why the clinal variation found
in Iberia for mtDNA haplotypes does not oc-
cur with regard to microsatellite markers. First
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results reported by Garnery et al. (1998b)
showed that microsatellite loci are much less
variable in Iberia and France than in Africa, as
a result of a hypothetical bottleneck in Iberian
populations during the last glaciation (Franck
et al., 1998; Garnery et al., 1998b). Microsatel-
lites indicate a clear-cut disruption between
Africa and Europe. Moreover, the genetic pro-
files are rather homogeneous from Spain to
Scandinavia (Garnery et al., 1998b). Later re-
sults suggested a more complex situation as
genetic diversity detected in populations from
Murcia (De la Rúa et al., 2002b), Balearic Is-
lands (De la Rúa et al., 2003) and Andalusia
(De la Rúa et al., 2004b) showed intermedi-
ate values between African and West European
populations. However, Miguel et al. (2007)
found that nuclear genetic diversity was sim-
ilar between Iberian, French and Belgian pop-
ulations, and hypothesized that this similar-
ity was due to higher mutation rates of the
microsatellites, which would rapidly increase
the initial diversity of refugee populations af-
ter the last glaciation maximum, thus masking
the effects of the re-colonization process in a
relatively short time. These conclusions were
based on samples coming from 18 Iberian pop-
ulations covering a large peninsular area but
excluding the northwestern quadrant.

Further, it should be noted that due to the
nature of nuclear DNA and the mating be-
haviour of honeybees, the geographic distri-
bution of microsatellite markers in Iberian
populations could have been changed by api-
culture practices during the last 20 years. Mi-
gratory beekeeping has become an extended
practice in all Mediterranean countries, being
fully developed in the Iberian Peninsula (Ruíz
and Ruíz, 1986). In Spain, 80% of the esti-
mated number of colonies is moved in a yearly
cycle that often includes three movements
from winter to spring and later on between
summer-fall locations. This activity permits
optimum exploitation of flowering periods in a
latitudinal and altitudinal gradient but leads to
a potential bi-directional genetic flow between
mobile and resident hives (Perrier et al., 2003).
Furthermore, honeybee populations have been
decimated by the parasitic mite Varroa de-
structor, which killed thousands of Iberian
colonies during the 1980’s and the 1990’s

(Gómez-Pajuelo, 1988, 2003). The genetic
changes in local honeybee populations possi-
bly have been sped up by the recovery of the
lost colonies, as many beekeepers purchased
colonies from other regions, thus favouring
the homogenization of Iberian honeybees at a
peninsular scale.

Our initial hypothesis to be tested postu-
lates that Iberian honeybee populations will
show decreasing diversity from south to north
(according to the general pattern found be-
tween Africa and Europe), and an isolation-
by-distance effect, as a main factor, to explain
the differences between populations (accord-
ing to Miguel et al., 2007). To this aim, ten mi-
crosatellite markers were studied in nine popu-
lations of the Iberian Peninsula, with particular
attention to those located at the northwestern
quadrant.

2. MATERIALS AND METHODS

2.1. Sampling

A total of 362 honeybee workers (one worker
bee per colony) were collected from the inner
frames of the bee hive. Samples were from 49 api-
aries located in nine Spanish provinces represented
by different beekeeping practices (Tab. I and Fig. 1;
detailed in Appendix I). In that sense Cáceres,
Cádiz, Tarragona and Valencia contain predomi-
nantly migratory colonies while the other provinces
contain predominantly stationary colonies. Samples
were grouped at a province scale, according to the
criterion of the maximum radius of mating flight.
Drones and queens of different colonies gather in
a drone congregation area (DCA) and thus local-
ities with shared DCAs have a panmictic popula-
tion structure. Recent conservation studies aimed
to identify pure breed mating areas estimated that
20 km is a minimum distance for genetic isolation
(Kraus, 2005). Samples within overlapping circles
of 20 km radius were considered to be from a sin-
gle population (Fig. 1); for this reason, samples of
the same province were equated to a single popu-
lation and are named in this work according to the
corresponding Spanish name.

2.2. Microsatellite amplification

Samples were brought to the laboratory pre-
served in absolute ethanol. Total DNA was
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Table I. Genetic diversity in nine Spanish populations of A. m. iberiensis. Columns refer to the population
(province or region: Ast, Asturias; Bur, Burgos; Cad, Cádiz; Cor, Coruña; Ext, Extremadura; Ore, Orense;
Pon, Pontevedra; Tar, Tarragona; Val, Valencia), number of individuals studied (N), number of sampled
apiaries (sites), mean number of alleles per locus (mnA), polymorphism (95% and 99%), observed (Ho)
and expected (He) heterozygosity with standard deviation (σ), and FIS value in all loci.

Pop N sites mnA P 95% P 99% Ho ± σ He ± σ FIS/ ET-P
Ast 46 5 6.3 0.9 0.9 0.408 ± 0.322 0.428 ± 0.327 0.056 / ***-*
Bur 45 10 7.4 1.0 1.0 0.517 ± 0.321 0.483 ± 0.278 –0.057 / NS-NS
Cac 49 5 7.4 0.9 1.0 0.518 ± 0.337 0.476 ± 0.306 –0.077 / NS-NS
Cad 46 4 6.1 0.9 0.9 0.395 ± 0.352 0.391 ± 0.327 0.003 / **-NS
Cor 18 4 5.0 0.9 0.9 0.496 ± 0.307 0.454 ± 0.268 –0.062 / NS-NS
Ore 39 6 6.0 0.8 1.0 0.431 ± 0.327 0.405 ± 0.311 –0.049 / NS-NS
Pon 29 6 5.7 0.9 1.0 0.484 ± 0.312 0.483 ± 0.286 0.018 / NS-NS
Tar 39 5 6.5 0.9 0.9 0.434 ± 0.314 0.409 ± 0.336 0.072 / *-*
Val 51 4 7.5 0.9 0.9 0.455 ± 0.297 0.401 ± 0.293 0.129 / ***-***

Significance of FIS values was tested according to the exact test (ET) (Raymond and Rousset, 1995b) and
permutations (P). *P < 0.05; **P < 0.01; ***P < 0.001; NS = not significant.
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Figure 1. Iberian honeybee populations analysed by microsatellite loci. The area including the points shows
the minimum distance of genetic isolation and refers to a panmictic population structure (Kraus 2005).
(Ast = Asturias; Bur = Burgos; Cac = Cáceres; Cad = Cádiz; Cor = Coruña; Ore = Orense; Pon = Ponteve-
dra; Tar = Tarragona; Val = Valencia).ithe geographical variation for: (a) the first component of the AFC,
which accounted for 26.30% of the total allele variation in Apis melliferaacross Iberian Peninsula and; (b)
The second component, which accounted for 45.80% cummulative variation. first component follows a gra-
dient that peaks at the east and it is probably correlated with areas of intensive apiculture practices. The
second component shows the high differentiation of samples from Burgos. The tlikely genetic boundaries
suggested by the Monmonier’s algorithm with width proportional to intensity were represented as solid
lines (Manni et al. 2004).

extracted from one leg following Walsh et al. (1991)
with a Chelex 5% based protocol. Honeybee pop-
ulations were scored using 10 microsatellite loci:
A007, A024, A028, A088, Ap043, Ap055, Ap066,
Ap081, A107 and A113 (Solignac et al., 2003).
One primer of each pair was labelled with fluo-
rescence at the 5’ end (Applied Biosystems, Fos-
ter City, CA, USA) and the PCR reactions were
carried out following Solignac et al. (2003). Allele

sizes were determined in an ABI PRISM 3700 DNA
Sequencer (Applied Biosystems) and scored using
STRand v2.3.106 (Pereira et al., 2007).

2.3. Genetic variability analysis

Unbiased estimates and standard deviations of
gene diversity at microsatellite loci (He) were
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calculated following Nei (1978). Genotypic link-
age disequilibrium and genic and genotypic dif-
ferentiation were also computed. Probabilities of
random departure from Hardy-Weinberg equilib-
rium and inbreeding coefficient (FIS) were calcu-
lated using the exact test method (Raymond and
Rousset, 1995a) and the permutation test (Belkhir
et al., 2004). Data were analysed using GENEPOP
ON THE WEB (http://genepop.curtin.edu.au/, Ray-
mond and Rousset, 1995b) and GENETIX v4.0.5
package (Belkhir et al., 2004). FreeNA software v1
was used to infer the presence of null alleles that
lead to the overestimation of both FST and genetic
distance in cases of significant population differen-
tiation (Chapuis and Estoup, 2007).

These indices do not allow for a statistical com-
parison of allele richness for populations with dif-
ferent sample sizes. Using rarefaction method, the
expected number of alleles in a random subsample
from a population with known allele richness distri-
bution can be calculated (Kumar et al., 1999). This
process yielded, after 200 iterations, the mean num-
ber of sampled individuals required to detect all the
distinct alleles within a population.

2.4. Population structure analysis

Population structure was inferred using STRUC-
TURE v2.3 software by the method of Pritchard
et al. (2000) from multi-locus genotype data. We
assumed a model in which there were from one to
12 populations (K clusters). Each K was replicated
20 times for 100 000 iterations after a burn-in pe-
riod of 5000, without any prior information on the
population of origin of each sampled individual.

Population substructure was evaluated by
calculating pairwise and global FST values (Wright,
1951); Cavalli-Sforza and Edwards (1967) distance
was calculated using POPULATIONS software
v1.2.30 over 10 000 bootstraps on individuals
(http://bioinformatics.org/∼tryphon/populations/).
Hypotheses concerning isolation by distance were
tested following Slatkin (1993) with a Mantel test
(Mantel, 1967). Probabilities were read directly
from the distribution of 1000 randomized matrices
computed by permutation. Mantel’s test was per-
formed using R statistical software (R Development
Core Team, 2008).

Spatial structure of genetic variation within pop-
ulations, an important interacting influence on evo-
lutionary processes, can be analysed in detail by
assessing associations between the genetic relat-

edness of pairs of individuals and the geographi-
cal distance (Epperson and Li, 1996). Multiallelic
and multilocus approaches were performed to esti-
mate spatial autocorrelation from genetic distances
and mean number of common alleles (Smouse and
Peakall, 1999). Geographic distances were grouped
in 20 categories, including at least 1200 compar-
isons per category. A Monte Carlo simulation was
performed to estimate the deviation from random
distribution with a 95% confidence interval (Streiff
et al., 1998).

Correlation analyses fail to identify the exis-
tence of genetic barriers, namely, the areas where
a given variable shows an abrupt rate of change.
Monmonier’s maximum difference algorithm en-
ables a better interpretation of microevolutionary
processes, such as gene flow, genetic drift, and se-
lection (Manni et al., 2004). Cavalli-Sforza and
Edwards (1967) genetic distances and FST applied
to pairs of provinces were used to produce the ge-
netic matrices. Monmonier’s maximum difference
algorithm was then used to identify putative genetic
boundaries across the Iberian Peninsula by BAR-
RIER v2.2 software (Manni et al., 2004).

A factorial analysis of correspondence (AFC)
using the individual microsatellite allelic compo-
sition was performed (Belkhir et al., 2004). Ordi-
nation summarizes all the variation in the study
area and accommodates each population as a study
unit (Manel et al., 2003). Then, the inverse distance
weighted (IDW) interpolation of the major principal
components leads to a synthesis map, which gives
insights into the spatial pattern concerned (Han-
otte et al., 2002). AFC analyses were performed us-
ing GENETIX and interpolation using GRASS GIS
software (GRASS Development Team, 2008).

3. RESULTS

3.1. Genetic variability

Rarefaction curves for total allele richness
in A. m. iberiensis samples showed that the
minimum sample size to obtain 95% of the ex-
pected total allele richness was attained in all
A. m. iberiensis populations.

Allele frequencies for all loci per sampling
site combinations are detailed in Appendix II,
including observed (Ho) and expected het-
erozygosity (He). In total, 124 alleles were de-
tected and all loci were polymorphic in al-
most all populations, except Cádiz, Asturias
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Table II. Belong the diagonal, FST values and above diagonal, genic\genotypic differentiation for each
population pair between pairs of populations for microsatellite loci analysed in 9 Spanishprovinces of A.
mellifera. Bold values indicate non significant values of FST. Abbreviations of populations as in Figure 1.

Ast Bur Cad Cor Ext Ore Pon Tar Val
Ast ***\*** ***\** ***\*** ***\*** ***\*** ***\*** ***\*** ***\***
Bur 0.073\*** ***\*** NS\*** ***\*** ***\*** ***\*** ***\*** ***\***
Cad 0.008\* 0.101\*** ***\*** ***\*** ***\*** ***\*** ***\***
Cor 0.029\*** 0.057\*** 0.022\*** NS\NS NS\NS ***\*** ***\*** ***\***
Ext 0.006\** 0.031\*** 0.024\*** 0.023\*** NS\NS NS\NS ***\*** ***\***
Ore 0.012\*** 0.043\*** 0.011\** 0.011\* 0.006\** **\* ***\*** ***\***
Pon 0.020\*** 0.018\*** 0.034\*** 0.014\** 0.007\** 0.004\NS ***\*** ***\***
Tar 0.033\*** 0.045\*** 0.047\*** 0.064\*** 0.028\*** 0.033\*** 0.027\*** **\**
Val 0.029\*** 0.048\*** 0.040\*** 0.052\*** 0.021\*** 0.031\*** 0.033\*** 0.002\NS

Significance of FST values was tested according to permutations (P). *P < 0.05; **P < 0.01; ***P < 0.001;
NS = not significant.

and Cáceres for locus A028. The mean number
of alleles in each population varied from 5 (La
Coruña) to 7.5 (Valencia, Tab. I). The value
observed in La Coruña might be due to the
small sample size (n = 18), although the total
number of alleles (5 alleles) was similar to that
found in other populations with higher sample
sizes (e.g., Orense, Pontevedra or Cádiz).

Tarragona, Valencia and Asturias showed a
positive and significant value of FIS (Tab. I),
and a significant departure from Hardy-
Weinberg equilibrium due to heterozygote de-
ficiency. Samples from Cádiz also showed a
significant departure from H-W equilibrium
for exact test values but FIS values did not in-
dicate a heterozygote excess. The other pop-
ulations showed a situation close to Hardy-
Weinberg equilibrium.

Multiple probability tests for all popula-
tions detected signs of linkage disequilibrium
between loci A007 and A24, and A028 and
Ap043 (P > 0.05), although there was only
one significant value for each single popula-
tion. Genic and genotypic differentiation tests
demonstrated the genetic differentiation exist-
ing among pairs of populations except for La
Coruña, Orense and Pontevedra with Cáceres,
and Orense with La Coruña (Tab. II).

3.2. Population structuring

The populations of A. m. iberiensis did
not show a definite structure as shown by

the Bayesian approach. This analysis suggests
that K = 1 best describes the situation among
samples. Accordingly, the globalFST (0.036)
and the mean genetic differentiation (FST)
of pair wise comparisons were low, rang-
ing from 0.101 (Burgos and Cádiz) to 0.006
(Orense and Cáceres) (Tab. II). The values ob-
served between Orense- Pontevedra (these two
provinces are located at the north-western side
of the Iberian Peninsula), and Valencia- Tar-
ragona (located at the eastern Mediterranean
coast) were not significant.

The absence of a geographical pattern was
confirmed by the non-significant results (Man-
tel test) between geographic and Cavalli-
Sforza and Edwards distances (r = 0.233; P =
0.141), although well supported groups were
observed in the genetic distances dendrogram
(Fig. 2). Tarragona and Valencia were differ-
entiated from the rest of populations, and two
groups in which populations from North and
South Iberia are mixed (Cáceres and Orense,
and Asturias and Cádiz) were formed.

Spatial autocorrelation showed that geo-
graphical distance is not the main determining
factor of spatial genetic structure in the Iberian
honeybee populations (Fig. 3). Samples sep-
arated less than 200 km showed significantly
high numbers of common alleles and small ge-
netic distances between individuals, but simi-
lar values were also found at distances higher
than 650 to 750 km. The main contribution to
this distance class was the relation between
samples from Asturias and Cádiz. Distances
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Figure 2. Neighbor-joining unrooted tree produced
from Cavalli-Sforza & Edwards (1967) distances
between Iberian honeybee localities.

between samples close to 400 km also showed
significant genetic similarity values, but the
values were lower than the other categories. In
this case, the higher contribution was the rela-
tionship between Burgos with La Coruña and
Pontevedra, and Cáceres with Cádiz.

Two main genetic boundaries were detected
by the Monmonier’s algorithm. The most sig-
nificant was detected between the populations
from Tarragona and Valencia and the other
Iberian honeybee populations (Fig. 1). This re-
sult was corroborated by the correspondence
analysis. The first component showed a gra-
dient between eastern (darkest areas) and the
rest of Iberian samples, explaining 26.30% of
the total microsatellite allele variation (Fig 1).
The extreme of that gradient (lightest areas in
Fig. 1) showed the similarities between Cádiz
and northwestern localities. The second ge-
netic barrier was found between Burgos and
the surrounding populations. The second com-
ponent of the ordination showed the same pat-
tern, adding 19.50% to the cumulative varia-
tion of 45.80%. In this case, the extreme of the
gradient (darkest areas) was made up by the
similarities of western Iberian populations.

4. DISCUSSION

4.1. Genetic diversity and structure
of Iberian honeybees

The number of alleles per locus and the
heterozygosity values found in this study are
higher than those reported by Franck et al.,
(1998) for three samples from Sevilla, Segovia
and San Sebastián (He = 0.283−0.331), and
are more similar to those reported by De la
Rúa et al. (2002b) for Murcia (SE Spain; He =

0.448) and by Miguel et al. (2007) for dif-
ferent Iberian regions (He = 0.442−0.516).
As a whole, the sampled populations are not
structured according to a definite geographic
pattern, in contrast to the structure found
in mitochondrial haplotypes (Cánovas et al.,
2008). This finding does not give support to
our initial hypothesis stating that populations
from South Spain will show higher allelic di-
versity than those from North Spain due to
the influence of African populations at the
South. Franck et al. (1998) reported a clear
trend towards decreasing microsatellites diver-
sity from Tropical Africa to northwest Eu-
rope, that agrees with the recent hypothesis
of an African origin for A. mellifera based
on the study of SNPs (Whitfield et al., 2006).
At this large geographic scale, Iberian pop-
ulations show congruent intermediate values
between African populations, which have the
highest level of variability, and west European
populations north of the Pyrenees, which have
the lowest (Franck et al., 2001). However, the
pattern seems to have disappeared within the
Iberian Peninsula. Only the Pyrenees seems
to be a barrier between populations at each
side (Miguel et al., 2007). Although Miguel
et al. (2007) concluded that ‘the shorter the
geographic distance between populations, the
greater their genetic similarity’, our data ex-
emplify too many exceptions. Possibly, the va-
lidity of that conclusion depends on the degree
of change experienced by the populations due
to beekeeping activities.

Morphology, allozyme and mtDNA data
clearly show a wide hybridisation area be-
tween African and European lineages where
A.m. iberiensis occur (Ruttner, 1988; Garnery
et al., 1998a; Franck et al., 1998; Arias et al.,
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Figure 3. Correlograms plot: (a) genetic distances and, (b) mean number of common alleles as a function of
geographic distances. The 95% confidence interval (dashed lines) are also shown. The number of pairwise
comparisons within each distance class represented as a dot is presented below the plotted lines. Note that
significant genetic similarities were shown between samples separated several hundred kilometers.

2006; Miguel et al., 2007; Cánovas et al.,
2008). Data from SNP’s led to postulate the
African origin of A. mellifera and that there
were at least two subsequent expansions into
Eurasia – a western expansion into Europe (M)
and one or more eastern expansion into Asia
and Europe (O and C) (Whitfield et al., 2006).
The intermediate values of microsatellite het-
erozygosity agree with the survival of Iberian
populations during the last glaciation event -
which lately colonised Western Europe dur-
ing present postglacial period- and the arrival
of the hypothesised colonisation waves from
North Africa (Garnery et al., 1998b; Franck
et al., 1998; Miguel et al., 2007; data presented
here).

4.2. Genetic consequences of beekeeping
practices

In spite of the lack of a geographic structure
at a peninsular scale showed by the STRUC-
TURE results, signs of a genetic substructure
were found. Populations of the Mediterranean
region, Tarragona and Valencia, showed devi-
ations from the Hardy-Weinberg equilibrium,
which indicate a deficiency of heterozygotes
congruent with FIS values. The group formed

by these two geographically close populations
is supported by the genetic distance and the
genetic boundary found after the spatial inter-
pretation of the ordination analysis (Fig. 1).
The regional laws that have compelled bee-
keepers from Valencia to periodically move
their colonies 5 km away from citrus areas
during the flowering period (from April un-
til the end of May) to avoid cross pollina-
tion with seed-producing produces citrus fruits
may have influenced the genetic variability of
these colonies (De la Rúa et al., 2004a).

The marked degree of homogenisation at a
peninsular scale suggests that a large amount
of gene flow has occurred among Iberian pop-
ulations in recent times. Two processes seem
to account for most of these findings. The
first is related to the need for a rapid recov-
ery of populations affected by Varroa. A large
number of honeybee colonies from the Iberian
Peninsula were destroyed in the 1980s by the
parasitic mite V. destructor (Gómez-Pajuelo,
1988 and pers. comm.), with losses up to
50% in some cases. Population recovery was
achieved either by swarming (or dividing sur-
viving colonies), and by purchasing colonies
(or mated queens) often from distant localities.
Unfortunately, there are few documented data
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about the intensity of this process and only oral
reports from beekeepers can be used as evi-
dence of this process.

The second process is migratory bee-
keeping that affects 28.58% of the Spanish
apiaries (ranging from 94.86% of the reg-
istered colonies in Valencia to 0.98% in
Galicia, including all the provinces: La
Coruña, Pontevedra and Orense) (data
from 2009; http://www.mapa.es/app/Miel/
indicadores/Indicadores.aspx?lng=es, ac-
cessed 12/02/2010). Migratory beekeeping
allows for a bidirectional gene flow between
mobile and local colonies though as noted by
Perrier et al. (2003), it seems that there is a
skewed flow from local to mobile populations.
Beekeeping practices vary between provinces
as stated before though there is a general
trend to move the colonies from areas with a
Mediterranean climate (and an early flowering
season), to areas with a milder summer and
late flowering period (mountains of central
and north Spain). This means that few areas
of Spain can avoid the influence of migratory
beekeeping.

The values of genetic diversity, genetic
differentiation and H-W equilibrium found
in Burgos population (central-northern Spain)
are likely related to beekeeping practices.
Since the last decade there are in this province
summer settlements of colonies coming ei-
ther from south and central Spain or from the
Basque Country, thus favouring the gene flow
between geographically distant populations. In
contrast, Asturias shows lower heterozigosity
than other northern regions but a H-W dise-
quilibrium with a heterozigosity excess. These
results could show the relative isolation of this
area from the most frequent paths of migratory
beekeeping that particularly affect more south-
ern regions, and an enhanced practice of mak-
ing divides and capturing swarms to recover
lost colonies, preventing homogenization and
increasing heterozigosity. In provinces close to
Asturias located in Galicia (La Coruña, Pon-
tevedra, Orense), migratory beekeeping is not
intense but heterozigosity levels increase prob-
ably due to the sharp transition of African and
European lineages (Cánovas et al., 2008) that
favours hybridization between both lineages.

Historical and climatic factors would pro-
duce a natural distribution pattern of mtDNA
haplotypes across the Iberian Peninsula that
remains stable due to the maternal inheritance
of mtDNA and the mating behaviour of honey-
bees. Nevertheless anthropogenic factors may
rapidly change this pattern because of the great
development of migratory beekeeping and re-
placement of native colonies through beekeep-
ing practices (Cánovas et al., 2008), as it was
found on the islands of Formentera and Ibiza
(De la Rúa et al., 2001) and on the Canary Is-
lands (De la Rúa et al., 2002a). It should be
noted that the geographic distribution of mi-
crosatellite markers in Iberian populations has
been possibly changed by apiculture practices
during the last 20 years. It can be concluded
that in relation to the nuclear genetic diversity
reflected by microsatellites, the honeybee pop-
ulations of Iberia make up an almost unique
population, with a discrete differentiation be-
tween an eastern Mediterranean subpopulation
(represented by Tarragona and Valencia) and
a western subpopulation including the other
peninsular areas. This unexpected level of ho-
mogenisation is likely caused by exchange of
colonies between distant sources and by mi-
gratory beekeeping; the importance of each of
these two processes must be ascertained. The
overall effect of both processes is the increase
in the genetic diversity of colonies, which is
thought to increase the productivity and fitness
of the colonies (Mattila and Seeley, 2007).
However, this homogenisation could also lead
to the loss of putative ecotypes; that is, local
populations well adapted to particular condi-
tions after many generations of selection by
natural and human-assisted selection. An ef-
fort to describe and preserve these ecotypes is
thus a strong commitment for the next years.
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La variabilité des microsatellites révèle l’in-
fluence de l’apiculture sur les populations
d’abeilles en Espagne

Apis mellifera / génétique des populations / cartes
synthétiques

Zusammenfassung – Die Variabilität von Mikro-
satelliten zeigt den Einfluss der Imkerei auf Po-
pulationen der Honigbiene in Spanien. Es ist bis-
her nicht klar, ob der bei den Bienen Iberiens be-
obachtete, den Breitengraden folgende Gradient der
mitochondrialen DNA auch bei Mikrosatellitenmar-
kern auftritt. Erste Ergebnisse dazu zeigten eine hö-
here Variabilität von Mikrosatelliten in Afrika ge-
genüber Iberien und Frankreich, als Folge eines ver-
muteten genetischen Flaschenhalses während der
letzten Eiszeit. Neuere Ergebnisse zeigten jedoch
eine vergleichbar große Diversität in Populationen
aus Belgien, Frankreich und Iberien. Es wurde ver-
mutet, dass diese Ähnlichkeit durch die höheren
Mutationsraten der Mikrosatelliten verursacht wur-
de, die die genetischen Effekte der Wiederbesied-
lung nach der letzten Eiszeit verdeckt haben könn-
ten.
Die zu testende Ausgangshypothese besagt, dass
iberische Honigbienenpopulationen eine abneh-
mende Diversität von Süden nach Norden zeigen,
wobei die Unterschiede zwischen Populationen
hauptsächlich durch einen Isolation-by-Distance-
Effekt zu erklären wären. Dazu wurden 10 Mikrosa-
tellitenmarker in neun Populationen der Iberischen
Halbinsel untersucht.
Der ausgeprägte Grad an genetischer Homogenität
lässt vermuten, dass in jüngster Zeit ein beträcht-
licher Genfluss zwischen den verschiedenen ibe-
rischen Populationen stattgefunden hat. Zwei ver-
schiedene Prozesse können dafür verantwortlich
sein. Der eine hängt damit zusammen, dass durch
Varroa verlorenen gegangene Bienenvölkern wie-
der aufgebaut werden mussten. Dazu wurden ver-
stärkt Ableger oder Schwärme gebildet, sowie Völ-
ker (oder begattete Königinnen), oft aus entfernten
Gegenden, zusätzlich gekauft. Der andere Einfluss
ist die Wanderimkerei, die im Durchschnitt 28.58 %
der spanischen Bienenstände betrifft (von 94.86 %
in Valencia bis 0.98 % in Galizien, einschließlich
La Coruña, Pontevedra und Orense).
Aus den Ergebnissen schließen wir, dass die Honig-
bienen von Iberien eine nahezu homogene Popula-
tion bilden, jedoch mit einer Differenzierung zwi-

schen einer östlichen, mediterranen Subpopulation
(repräsentiert von Tarragona und Valencia), und ei-
ner westlichen, die die anderen Gebiete der Halbin-
sel einschließt.
Dieser unerwartete Grad an Homogenisierung wird
wahrscheinlich durch Handel mit Völkern zwischen
entfernten Gegenden und durch Wanderimkerei ver-
ursacht – das Ausmaß dieser Einflüsse muss je-
doch noch bestimmt werden. Der Gesamteffekt die-
ser Prozesse liegt in einer Zunahme der genetischen
Diversität innerhalb der Völker, zur Steigerung der
Fitness und der Produktivität. Jedoch wird diese
Homogenisierung zum Verlust möglicherweise vor-
handener Ökotypen beitragen, das heißt, von Po-
pulationen, die an spezifische lokale Bedingungen
nach vielen Generationen natürlicher und imkerli-
cher Selektion gut angepasst sind. In den nächsten
Jahren wird es eine wichtige Aufgaben sein, Beiträ-
ge zur Erhaltung dieser Ökotypen zu leisten.

Apis mellifera / Populationsgenetik / Synthese-
karten
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Appendix. II. Allelic frequencies, observed heterozygosity (Ho) and gene diversity (He) of nine honeybee
populations of A. m. iberiensis.

Locus Ast Bur Cac Cad Cor Ore Pon Tar Val
A007 Alleles N = 46 N = 45 N = 49 N = 46 N = 18 N = 39 N = 29 N = 39 N = 51

100 0.033 0.083
102 0.011 0.057 0.041 0.078 0.013 0.026 0.029
104 0.167 0.159 0.174 0.067 0.083 0.184 0.179 0.132 0.157
106 0.122 0.171 0.143 0.089 0.111 0.079 0.107 0.105 0.118
108 0.678 0.602 0.633 0.722 0.694 0.724 0.679 0.724 0.686
110 0.011 0.011 0.010 0.011 0.028 0.018 0.013 0.010
112 0.011 0.018
He 0.498 0.580 0.548 0.459 0.491 0.436 0.496 0.447 0.490
Ho 0.578 0.523 0.633 0.511 0.611 0.553 0.500 0.395 0.510

Locus Ast Bur Cac Cad Cor Ore Pon Tar Val
A024 Alleles N = 46 N = 45 N = 49 N = 46 N = 18 N = 39 N = 29 N = 39 N = 51

92 0.944 0.930 0.938 0.946 0.722 0.936 0.879 1.000 0.941
93 0.020
94 0.039
98 0.083 0.026
100 0.056 0.070 0.063 0.054 0.194 0.039 0.121
He 0.105 0.130 0.117 0.103 0.434 0.122 0.212 0.112
Ho 0.111 0.140 0.125 0.022 0.333 0.128 0.241

Locus Ast Bur Cac Cad Cor Ore Pon Tar Val
A028 Alleles N = 46 N = 45 N = 49 N = 46 N = 18 N = 39 N = 29 N = 39 N = 51

125 0.010
127 0.026
128 0.012
129 1.000 0.917 0.924 1.000 1.000 0.987 0.983 0.885 0.814
131 0.012 0.033 0.029
133 0.024 0.044 0.013 0.017 0.064 0.108
135 0.024 0.029
136 0.012
137 0.026
148 0.010
He 0.158 0.143 0.026 0.034 0.212 0.324
Ho 0.143 0.152 0.026 0.035 0.231 0.373

Locus Ast Bur Cac Cad Cor Ore Pon Tar Val
Ap043 Alleles N = 46 N = 45 N = 49 N = 46 N = 18 N = 39 N = 29 N = 39 N = 51

129 0.011
131 0.011 0.010
133 0.511 0.263 0.433 0.611 0.618 0.605 0.426 0.303 0.306
135 0.211 0.463 0.244 0.133 0.088 0.197 0.222 0.395 0.367
137 0.011 0.044 0.059 0.026 0.013 0.010
141 0.038 0.026
147 0.022 0.044 0.059 0.026 0.037 0.013 0.041
149 0.044 0.025 0.011 0.013 0.037 0.031
151 0.013 0.011 0.019 0.020
153 0.013 0.033 0.022 0.029 0.013 0.026 0.010
155 0.022 0.038 0.011 0.022 0.029 0.013 0.037
157 0.044 0.013 0.033 0.022 0.026 0.019 0.053 0.061
159 0.056 0.025 0.067 0.044 0.059 0.026 0.111 0.040 0.041
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Appendix. II. Continued.

161 0.022 0.050 0.044 0.013 0.041
163 0.011 0.013 0.022 0.019 0.026 0.010
165 0.013 0.011 0.011 0.013 0.040
167 0.011 0.025 0.022 0.022 0.029 0.013 0.019 0.013
169 0.033 0.029 0.013 0.019 0.026
171 0.033 0.013 0.037 0.031
173 0.011
175 0.011 0.013 0.010
180 0.010
188 0.013
He 0.684 0.709 0.741 0.601 0.597 0.591 0.750 0.743 0.760
Ho 0.556 0.725 0.756 0.556 0.647 0.447 0.630 0.632 0.755

Locus Ast Bur Cac Cad Cor Ore Pon Tar Val
Ap055 Alleles N = 46 N = 45 N = 49 N = 46 N = 18 N = 39 N = 29 N = 39 N = 51

169 0.013 0.010
171 0.013 0.021 0.013 0.088
173 0.011 0.079 0.032 0.013 0.018 0.066 0.020
175 0.205 0.132 0.202 0.140 0.167 0.158 0.214 0.158 0.186
177 0.330 0.408 0.287 0.279 0.167 0.355 0.357 0.447 0.333
179 0.261 0.237 0.340 0.314 0.361 0.290 0.143 0.118 0.275
181 0.114 0.026 0.096 0.209 0.194 0.132 0.196 0.118 0.078
183 0.046 0.053 0.011 0.047 0.111 0.040 0.018 0.053 0.010
185 0.034 0.026 0.011 0.054
187 0.013
189 0.013 0.012 0.013
195 0.013
He 0.765 0.749 0.750 0.758 0.764 0.746 0.764 0.739 0.764
Ho 0.796 0.684 0.894 0.814 0.833 0.816 0.750 0.895 0.667

Locus Ast Bur Cac Cad Cor Ore Pon Tar Val
Ap066 Alleles N = 46 N = 45 N = 49 N = 46 N = 18 N = 39 N = 29 N = 39 N = 51

92 0.478 0.174 0.222 0.231 0.276 0.013
96 0.020 0.026 0.039
97 0.205 0.137
98 0.946 0.522 0.796 0.946 0.722 0.769 0.655 0.756 0.804
100 0.054 0.010 0.054 0.056 0.069 0.020
He 0.103 0.499 0.336 0.103 0.426 0.355 0.490 0.385 0.333
Ho 0.065 0.956 0.408 0.065 0.556 0.462 0.621 0.128 0.157

Locus Ast Bur Cac Cad Cor Ore Pon Tar Val
Ap081 Alleles N = 46 N = 45 N = 49 N = 46 N = 18 N = 39 N = 29 N = 39 N = 51

124 0.036
126 0.933 0.902 0.958 0.941 0.900 0.987 0.852 0.943 0.865
128 0.067 0.073 0.042 0.024 0.067 0.013 0.148 0.057 0.135
130 0.033
132 0.024
He 0.124 0.180 0.080 0.114 0.184 0.026 0.252 0.108 0.234
Ho 0.044 0.098 0.042 0.119 0.200 0.026 0.074 0.114 0.188
136 0.010
138 0.012
140 0.756 0.849 0.781 0.902 0.889 0.895 0.857 0.923 0.990
144 0.011 0.010 0.022 0.026
146 0.156 0.093 0.125 0.054 0.111 0.066 0.107 0.026 0.010
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Appendix. II. Continued.

147 0.013
148 0.078 0.035 0.031 0.013 0.036
149 0.013
150 0.012 0.010 0.022
151 0.026
152 0.021
154 0.010
He 0.399 0.269 0.372 0.182 0.198 0.194 0.253 0.146 0.019
Ho 0.444 0.302 0.396 0.196 0.222 0.211 0.286 0.154 0.020

Locus Ast Bur Cac Cad Cor Ore Pon Tar Val
A107 Alleles N = 46 N = 45 N = 49 N = 46 N = 18 N = 39 N = 29 N = 39 N = 51

124 0.012
128 0.022
140 0.022
142 0.035
150 0.022 0.012
154 0.013
156 0.011 0.016 0.012
158 0.011 0.013 0.031 0.048 0.023
160 0.011 0.039 0.011 0.031 0.047 0.024 0.023
162 0.011 0.032 0.056 0.078 0.024 0.012
164 0.076 0.016 0.013 0.044 0.016 0.022 0.071 0.012
166 0.054 0.032 0.051 0.044 0.125 0.078 0.044 0.095 0.035
168 0.054 0.081 0.141 0.078 0.031 0.125 0.022 0.048 0.035
170 0.120 0.145 0.090 0.089 0.125 0.031 0.065 0.119 0.151
172 0.152 0.177 0.167 0.244 0.031 0.141 0.152 0.071 0.116
174 0.174 0.161 0.128 0.111 0.281 0.047 0.239 0.143 0.221
176 0.120 0.081 0.064 0.056 0.063 0.203 0.152 0.071 0.105
178 0.065 0.129 0.103 0.089 0.125 0.109 0.167 0.058
180 0.065 0.048 0.051 0.044 0.125 0.031 0.044 0.071 0.081
182 0.033 0.032 0.039 0.022 0.016 0.044 0.048 0.012
184 0.011 0.032 0.064 0.078 0.031 0.065 0.012
186 0.026 0.031 0.012
188 0.011 0.016 0.063 0.031
190 0.011
194 0.063 0.022 0.023
He 0.896 0.885 0.900 0.887 0.857 0.887 0.869 0.900 0.888
Ho 0.761 0.807 0.897 0.844 1.000 0.938 0.739 0.905 0.721

Locus Ast Bur Cac Cad Cor Ore Pon Tar Val
A113 Alleles N = 46 N = 45 N = 49 N = 46 N = 18 N = 39 N = 29 N = 39 N = 51

202 0.026 0.020
208 0.012 0.010
210 0.013 0.020
212 0.012
93 0.671 0.716 0.659 0.627

216 0.010 0.014
218 0.012 0.021 0.023 0.028 0.027 0.064 0.050
220 0.511 0.547 0.417 0.489 0.611 0.527 0.482 0.551 0.590
221 0.023
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Appendix. II. Continued.

222 0.091 0.058 0.073 0.171 0.056 0.162 0.161 0.090 0.050
223 0.034 0.011
224 0.114 0.081 0.156 0.102 0.056 0.135 0.107 0.115 0.090
225 0.011
226 0.068 0.105 0.042 0.114 0.139 0.054 0.071 0.090 0.090
228 0.068 0.058 0.063 0.046 0.083 0.041 0.071 0.051 0.050
230 0.034 0.058 0.115 0.023 0.027 0.018 0.020
232 0.046 0.012 0.052 0.011 0.014 0.036 0.020
233 0.011
234 0.023 0.021 0.028 0.054
235 0.012
236 0.012 0.021
He 0.703 0.672 0.774 0.705 0.593 0.671 0.716 0.659 0.627
Ho 0.727 0.791 0.875 0.818 0.556 0.703 0.964 0.641 0.62


