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Population decline is accompanied by loss of genetic
diversity in the Lesser Grey Shrike Lanius minor
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The Lesser Grey Shrike has suffered successive declines in population size and a marked
contraction of its breeding range since the early 20th century, largely because of long-
term agricultural intensification. This has resulted in a severely fragmented distribution
in Western Europe, with isolated breeding nuclei in Spain, France and Italy and a more
continuous distribution in Eastern Europe and Asia. Using a combination of nuclear and
mitochondrial markers, we assessed the genetic structure and diversity of Lesser Grey
Shrike populations from Western Europe, Central Europe and Asia. There was significant
genetic differentiation among three major regional groups, one European and two Asian.
Genetic diversity measures were lowest in the smallest and most marginal Spanish popu-
lation. Limited genetic diversity, combined with rapid population decline, suggests the
Spanish population may face extinction in the near future.
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Increasingly, conservation biologists are success-
fully combining population ecology and population
genetics in studies focused on the management of
endangered and declining species (Frankham et al.
2002). Whereas population ecology focuses on
processes affecting population demographics, such
as habitat deterioration and population growth
rates (Sinclair et al. 2006), conservation genetics
examines geographical structure and temporal
changes in genetic variation. Genetic drift and
inbreeding are the major phenomena causing loss
of genetic variation in small populations (Amos &
Harwood 1998). In fragmented habitats, popula-
tion sizes tend to decline and populations become
isolated from each other. This can lead to increased
genetic differentiation between populations via the
fixation of alleles. Knowledge of the alteration of
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genetic makeup and/or loss of variation are of
interest in conservation biology, because a popula-
tion is considered to have greater fitness if genetic
variation is sufficient to allow for adaptive response
to environmental changes, particularly in the face
of climate change.

Changes in demography and genetics are often
more marked at the edges of a species’ range,
where numbers are lower and where often frag-
mented populations may occupy suboptimal habi-
tats (Lesica & Allendorf 1995, Kvist et al. 2007).
Many species with broad geographical distributions
thrive at the centre of the range but decline at the
periphery, where they are often considered region-
ally endangered (Hoffmann & Blows 1994). These
peripheral populations are often genetically diver-
gent from the central population and may hold
genetic variation that does not exist elsewhere.
Thus, their value for future adaptations and evolu-
tion can be substantial. Genetic analyses of such
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species include tests for the loss of genetic varia-
tion and definition of management units (MUs)
and evolutionarily significant units (ESUs; Moritz
1994, Crandall et al. 2000) using population
genetic, phylogenetic and ecological tools. Genetic
data can provide objective measures to pass on to
decision-makers.

The Lesser Grey Shrike Lanius minor is a
socially monogamous long-distance migratory
passerine breeding in Eurasia, and has a range
extending over 6000 km from east (Kazakhstan) to
west (northern Spain) and over 2000 km from
south (Turkey) to north (Russia) (Lefranc & Wor-
folk 1997). Within this range, breeding localities
are patchily distributed (especially in Europe) and
limited to warm, flat areas with predominantly
steppe and/or farmland habitats. The wintering
area is centred on the Kalahari basin in southern
Africa (Newton 1995, Herremans 1998). All popu-
lations migrate between southern Africa and Eur-
asia through the Middle East and southeastern
Europe, with the western and easternmost popula-
tions covering about 10 000 km twice a year, mak-
ing it one of the longest migratory movements
among passerines (Lefranc & Worfolk 1997). This
shrike is often considered to include two subspe-
cies (Vaurie 1955, Clancey 1980), the smaller and
slightly darker minor (from Spain to western
Russia), and the larger turanicus (from the Ural
Mountains to central Asia). Some authors consider
the species to be monotypic (see Lefranc &
Worfolk 1997 for a review) with just slight and
clinal morphological variation across the range.

The Lesser Grey Shrike was a fairly abundant
bird in central and southern Europe during the
19th century (Lefranc & Worfolk 1997). There-
after, its population and range sharply declined and
contracted, especially in the western half of
Europe, where it became extinct in many countries
in the 1930s. Because of agricultural intensifica-
tion, most other European populations underwent
moderate decline between 1970 and 2000, with
the exception of some central and eastern Euro-
pean countries where the species’ demography
remains stable (e.g. Hungary; BirdLife Interna-
tional 2004). Currently, the western European
populations are restricted to small isolated nuclei
in northeastern Spain (fewer than 20 pairs, Giralt
& Bota 2003, Giralt & Valera 2007), southeastern
France (20-40 pairs, Rufray & Rousseau 2004) and
Italy (1000-2500 pairs), whereas the species
remains widespread in Eastern Europe (BirdLife
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International 2004). Data on Asian population
trends are scarce, although the species is appar-
ently stable and locally abundant, at least in south-
ern Russia, Georgia (BirdLife International 2004)
and Kazakhstan (A. Gavrilov pers. comm.).

The aims of this study were to assess genetic
structure among Lesser Grey Shrike populations to
identify management units and examine whether
the defined races are genetically distinct, to analyse
genetic variation within populations to determine
whether the decline of the Spanish population has
had any genetic effects, and to suggest guidelines
for genetic management of the species.

METHODS

Sampling

Studied populations included two breeding nuclei
in Spain (Catalonia, 41°34’N, 0°41’E; Aragon,
41°43’N, 0°12’E), two populations from central
Europe (Slovakia, 48°36'N, 19°20’E; Hungary,
46°32’N, 20°05’E) and two from Asia (Georgia,
41°45’'N, 44°50’E; Kazakhstan, 42°56’N, 70°37’E)
(Fig. 1). Spanish birds were sampled during the
2004-2006 breeding seasons, Georgian and Kazakh
birds in 2006, Slovakian birds during the 1999
breeding season and Hungarian birds in 1998.
Adult birds were caught with clap-nets and mist-
nets during nesting. A few nestlings were also sam-
pled in Spain, Slovakia and Hungary. We sampled
either blood or feathers.

Laboratory procedures

DNA was extracted from blood samples using the
standard phenol-chloroform method and from
feather quills using the method described in Kvist
et al. (2003). Blood stored on FTA cards was
prepared for PCR-amplification according to the
manufacturer’s protocol (Whatman).

Initially, the whole mitochondrial control region
was amplified from 10 individuals using primers
ND6L  (5-CTAAACAGCCCGAATCGCCC-3;
designed for this study to match a conserved region
in the passerine ND6 gene) and laniusftph2 (5'-
TCTTGACATCTTCAGTGCCATGC-3’; designed
to match the tRNA-Phe gene using available
sequences of Lanius on GenBank). Based on the
obtained sequences, primers NDL6 and STH411
(5’-AAATAACCAGGTTCTCTGGCTTG-3, orig-
inally designed for the Blue Tit Cyanistes caeruleus
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Figure 1. Current breeding range (dark shaded area) of the Lesser Grey Shrike (del Hoyo et al. 2008) and the species’ western limit
at the beginning of the 20th century (broken line; Lefranc & Worfolk 1997). Sampled populations are marked with small arrows (S,
Spain; SL, Slovakia; H, Hungary; G, Georgia; K, Kazakhstan). The long arrow in Saudi Arabia represents the last section of the spring

migration route before reaching the breeding areas.

(Kvist et al. 2005)) were used to amplify a shorter
portion of the mitochondrial control region
(including the highly variable first domain and a
portion of the central domain). The following PCR
profile was used 94 °C for 2 min followed by 35
cycles of 94 °C for 45 s, 50 °C for 45 s and 72 °C
for 45 s, with a final extension at 72 °C for 2 min.
Sequencing was performed with BigDye™ v3.0
(Applied Biosystems, Carlsbad, CA, USA) accord-
ing to the manufacturer’s protocol using primer
STH411. Sequencing was performed in one direc-
tion only and products were run on an ABI 3730
automatic sequencer.

Eight microsatellite loci — LM1 (T, = 47 °C),
LM2 (T, =47°C), LM3 (T, =53°C), LM4
(T = 53 °C), STGA4 (Tw = 55 °C), Ppi2 (T =
50°C), Loxl (T, =50°C) and Pocc6 (Tmy =
50 °C) — were amplified with the following PCR
profile: 94 °C for 2 min followed by 35 cycles of
94 °C for 45 s, 47-55 °C for 45 s and 72 °C for
45 s, and a final extension at 72 °C for 2-10 min.
The first five loci were developed from the Logger-
head Shrike Lanius ludovicianus (Mundy & Wood-
ruff 1996); Ppi2 was developed from the Eurasian
Magpie Pica pica (Martinez et al. 1999); LoxI is
from the Scottish Crossbill Loxia scotica (Piertney
etal. 1998); and Pocc6 is from the Western
Crowned Warbler Phylloscopus occipitalis (Bensch

© 2010 The Authors
Journal compilation © 2010 British Ornithologists’ Union

et al. 1997). The amplified microsatellite alleles
were screened on an ABI 3730 automated DNA
sequencer and scored using GENEMAPPER V3.7
(Applied Biosystems).

Data analysis

Prior to data analysis, all closely related birds were
removed from the dataset. Only one nestling was
included per nest and only one parent or nestling
was included in the microsatellite data (we did not
sample any mother—nestling pairs but fathers were
included in the mitochondrial sequence data).
Thus, our sample sizes for mitochondrial/micro-
satellite analyses were: Catalonia n = 13/15,
Aragén n =4/3, Slovakia n = 13/15, Hungary
n = 9/9, Kazakhstan n = 14/16, Georgia n = 8/8.
From the mitochondrial data, the nucleotide
diversity, theta and haplotype diversity for each
population were estimated wusing DNASP v4.0
(Rozas & Rozas 1999); differences in parameter
values among populations were tested with
ANOVA. To identify populations that differed from
each other, the least-square difference post hoc
test was applied. DNASP was also used to calcu-
late mismatch distributions, neutrality indices
(Tajima’s D and Fu’s Fs) and the raggedness
index to test for signs of demographic change in



the study populations. Smooth unimodal mis-
match distributions (tested with raggedness sta-
tistics) with significantly negative Tajima’s D and
Fu’s Fs values are consistent with demographic
change, possibly as a consequence of population
expansion (Rogers & Harpending 1992). In addi-
tion, the software ramarc v2.1.3 (Kuhner 2006)
was used to estimate of the growth rate with a
95% confidence interval based on the coalescent.
The default parameters, 10 initial chains (10 000
steps) and two final chains (200 000 steps) were
used with the MCMC algorithm, sampling every
20th tree. ARLEQUIN v3.1 (Excoffier et al. 1992)
was used to estimate pairwise ®gr values among
populations (aAMovA), using Tamura-Nei distances.
We also used samova (Dupanloup et al. 2002) to
group genetically similar populations and then
recalculated ®gr values based on these groupings.
Significance of the pairwise ®gr values was
determined by comparison with a null distribu-
tion derived from permuting haplotypes between
populations and recalculating ®sr values 1000
times. The Tamura-Nei substitution model was
chosen based on results from MODELGENERATOR
v0.83 (Keane et al. 2006). Tamura—Nei was the
best-fit model based on the Akaike information
criteria (AIC) and was the second best model
using the Bayesian information criterion (BIC).
As it was simpler than the alternative (HKY)
and is implemented in most population genetic
software, we used the Tamura—Nei model for
our analyses. Correlations between genetic and
geographical distances were calculated using a
Mantel test as implemented in ARLEQUIN
(Slatkin’s linearized Fst was used for genetic dis-
tance and geographical distances were con-
verted into natural logarithms). A parsimony
network was constructed with Tcs (Clement
et al. 2000).

The microsatellite data were tested for null
alleles, scoring errors and large allele dropout
using MICROCHECKER v2.2.3 (Van Oosterhout
et al. 2004). Hardy-Weinberg (HW) equilibrium
was calculated using GENeroP 4.0 (Raymond &
Rousset 1995) and linkage disequilibrium was
estimated with FsTAT v2.9.3.2 (Goudet 2001). A
Bonferroni correction for multiple tests was
applied to P-values as implemented in FSTAT.
ARLEQUIN was used to calculate observed and
expected heterozygosities per locus and popula-
tion, conduct a Mantel test (as detailed above
for mitochondrial data) and sample assignment
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likelihoods for each of the predefined popula-
tions. Assignment likelihoods were computed as
log-likelihoods of individual genotypes belonging
to a population based on allele frequencies in
the population. The inbreeding coefficient Fig,
allelic richness and allele distributions were
calculated with Fstar (Goudet 2001) using the
rarefaction method to correct for differences in
sample sizes. Between-population differences in
heterozygosity and allelic richness were tested
with ANOVA.

STRUCTURE v2.2 (Pritchard et al. 2000) was used
to test for clustering of the genotypes into geneti-
cally differentiated populations. The number of
populations (k) was varied from one to six and the
assignment probabilities for each individual were
estimated using the admixture model with a burn-
in of 100 000, 200 000 MCMC replicates and two
iterations. In addition, a factorial analysis of corre-
spondence, as implemented in the program GENETIX
v4.05 (Belkhir et al. 2004), was used to represent
genetic variation graphically within and among
populations. Pairwise Fsp values between popula-
tions were calculated with ARLEQUIN and sAMOVA, as
explained above for mitochondrial data. Effective
population sizes were estimated for the three pop-
ulations with sample sizes larger than 10 (Spain,
Slovakia and Kazakhstan) using the linkage dis-
equilibrium method implemented in NEESTIMATOR
v1.3 (Peel et al. 2004). BoTTLENECK v1.2.02 (Corn-
uet & Luikart 1996) was used to test for recent
bottlenecks in each population. Bottlenecked pop-
ulations lose rare alleles faster as heterozygosity
decreases, leading to a situation where heterozy-
gosity is higher than expected for a given number
of alleles. The distribution of allele frequencies is
also affected, shifting towards larger proportions of
low-frequency alleles. The program was run with
three different mutation models: infinite allele,
stepwise mutation and two-phase models (70%
stepwise and 30% infinite) with 1000 iterations. To
test whether the extent of genetic diversity
retained in relation to the number of loci was
greater than expected we made use of the
Wilcoxon signed-rank test due to our small
sample sizes. In addition, the M-ratio (Garza &
Williamson 2001) was estimated for each popula-
tion, again using ARLEQUIN. This index estimates
the ratio between the number of alleles and allelic
range. A bottleneck reduces the number of alleles
faster than the range, and therefore a small ratio
indicates a recent bottleneck.
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RESULTS

Mitochondrial DNA

The obtained sequences contained no double peaks
and no systematic differences could be related to
the tissue from which DNA was isolated. There-
fore, the possibility of amplifying a nuclear copy of
a mitochondrial gene was considered very unlikely.

Table 1. Mitochondrlal nucleotide diversity (m), theta (6),
haplotype diversity (h), number of haplotypes and sample sizes
(n) per sampled shrike population.

Population m 0 h No. of haplotypes n
Spain 0.00061 0.00154 0.228 3 17
Catalonia 0.00080 0.00168 0.295 3 13
Aragon 0 0 0 1 4
Slovakia 0.00240 0.00168 0.718 3 13
Hungary 0.00289 0.00287 0.750 4 9
Kazakhstan 0.00524 0.00573 0.868 8 14
Georgia 0.00177 0.00201 0.607 3 8

The 385-bp alignment contained 11 segregating
sites and 12 haplotypes. The population from
Kazakhstan possessed the most mitochondrial vari-
ation, with a nucleotide diversity of 0.00524 and
eight haplotypes (Table 1). The Spanish popula-
tion possessed the least variation (subpopulations
Aragén and Catalonia combined), with a nucleo-
tide diversity of 0.00061 and three haplotypes.
Differences between populations were highly
significant for all these parameters (anova for
nucleotide diversity: F=111.76, df = 4, P < 0.01;
for theta: F=11.98, df =4, P < 0.01; for haplo-
type diversity: F=78.27, df =4, P < 0.01; sub-
populations from Spain combined, Table 2). Only
one haplotype was found in the small subpopula-
tion from Aragon. The most common haplotype
(W1) was shared by 31 individuals and was found
in all populations (Table 3, Fig. 2). The second
most common type (W2) was shared by eight indi-
viduals and was found in Slovakia, Hungary and
Spain. Two more haplotypes were found in several
populations; haplotype E8 occurred in both the

Table 2. Population pairwise ®st values below the diagonal and Fst values above.

Population Spain Slovakia Hungary Kazakhstan Georgia
Spain 0.01238 0.01017 0.02592* 0.10154***
Slovakia 0.18849*ac 0.01192 0.02437*** 0.05599***
Hungary 0.15282**pc 0.06004 0.05281** 0.12371***
Kazakhstan 0.17516™** agc 0.10981ac 0.0952848 0.03586™**
Georgia 0.59890***ac 0.45216*** 0.25590% 5 0.15372* pgc

Subscripts below the diagonal represent significant differences in the least-square comparison post hoc test following Anova

(P < 0.05).
A, nucleotide diversity; B, theta; C, haplotype diversity.
*P < 0.05, P < 0.01, **P < 0.001.

Table 3. Distribution of haplotypes among sampled populations. Haplotype designation follows Figure 2.

Haplotype Catalonia Aragon Slovakia

Hungary Kazakhstan Georgia Total
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Figure 2. A parsimony network of mtDNA haplotypes. Each
circle represents a haplotype with its size proportional to the
number of birds sharing that haplotype. The bars connecting
the haplotypes represent one nucleotide substitution. The small
black circle represents an unsampled or extinct haplotype.

Slovakian and Kazakh populations, whereas E1 was
shared among the Hungarian, Kazakh and Geor-
gian populations. The remaining eight haplotypes
were rare, as each was found in only one popula-
tion.

Pairwise ®gp values (Table 2) were initially
estimated between all sample locations. Because
pairwise ®gt values (Table 2) between Catalonia
and Aragén were not statistically different, they
were combined into one ‘Spanish’ population. The
divergence between the five remaining populations
varied from ®gr = 0.060 (Slovakia and Hungary)
to ®gr = 0.599 (Georgia and Spain). The Spanish
population was significantly different from all the
other populations, whereas the comparisons
involving the Georgian population showed the
highest ®gr values. The overall ®gp was 0.20
(P < 0.001). If populations were grouped accord-
ing to assumed subspecies (Spain, Hungary, Slova-
kia representing L. m. minor, and Kazakhstan and
Georgia representing L. m. turanicus), 13.97% of
the genetic variation was attributable to between
subspecies, 8.89% to between populations within
subspecies and 77.15% was within populations,
increasing the overall ®gt to 0.23 (P < 0.001). The
total ®gy increased to 0.24 when European popu-
lations were grouped together and populations
from Georgia and Kazakhstan were considered as
separate groups. The highest total ®gr (0.323,
P < 0.001) was obtained when the Georgian popu-
lation was considered separate and all others were
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grouped into one, the same grouping obtained
when using saMovA. This, however, increased the
among-population  within-group  variation to
10.75%. A Mantel test suggested a weak trend
between geographical and genetic distances
(r=0357, P=0.102).

Tajima’s D and Fu’ Fs values were negative for
the Spanish population (-1.404 and -2.097),
although not significantly so. The mismatch distri-
bution followed the expected distribution of an
expanding population and the raggedness index r
was 0.3496 (ns, 95% CI 0.1289-0.7048). Other
populations with a sample size over 10 (Slovakia,
Kazakhstan) did not clearly follow either of the
expected mismatch distributions, and their
Tajima’s or Fu’s tests were not significant (Fig. 3).
However, the combined Lesser Grey Shrike popu-
lation followed rather closely the expected distri-
bution of a growing population: it had significantly
negative Tajima’s D (-2.614, P < 0.001) and Fu’s
Fs (-5.926, P < 0.02) values, and a fairly low, but
not significant raggedness index (r = 0.0934, 95%
CI 0.0272-0.4748). 1LAMARC estimated a high
positive growth rate (maximum likelihood esti-
mate for G =2732.16; 95% CI=2051.96-
3418.76), indicating historical expansion of the
species’ population size. Although we do not know
the substitution rate of the Lesser Grey Shrike
control region, an estimate of the expansion date
of the western populations based on a nucleotide
diversity of 0.00189 and the commonly used mito-
chondrial DNA (mtDNA) substitution rate of 2%
sequence divergence per Mya would lead to an
expansion date of about 100 000 years ago.

Microsatellites

There was no evidence of null alleles or scoring
errors. We found between two and five private
alleles per population (Supporting Information
Tables S1 & S2). None of the populations showed
significant heterozygote deficiency, but significant
heterozygote excess was observed in the Georgian
population (P < 0.03) when estimated across all
eight loci. Some individual loci showed significant
deviations from HW equilibrium (locus LS2 in the
Spanish and Hungarian populations, locus LoxI in
the Slovakian population, and LS3 in the Kazakh
population). None of these remained significant
after the Bonferroni correction was applied. In
general, heterozygosity per locus and population
varied from O to 1. LS4 was monomorphic in the
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Figure 3. Mismatch distributions with the observed distributions as well as the expected distributions for constant or growing popula-

tions are depicted.

Hungarian population and also showed quite low
heterozygosity in the other populations (range
0.063-0.375, the Georgian population being the
exception, Table 4). Heterozygosity was also low
in most populations for loci STG4 and Pocc6
(range 0.063-0.750). Linkage disequilibrium was
found between LS2 and Ppi2 (in the Spanish popu-
lation, P < 0.05) and LS4 and STG4 (in Slovakia,
P < 0.01), but the significance disappeared after
Bonferroni correction. Allelic richness (Table 4)
was highest in the Hungarian and Slovak popula-
tions (4.633 and 4.518, respectively), and the low-
est in Spain (3.352), but the difference was not
significant (anova: F = 0.673, df =4, P = 0.615).
In the Spanish population, the mean heterozygos-
ity estimated across loci was also lower (expected
heterozygosity 0.489, Table 4) than in the other
populations (range 0.531-0.643) but, again, not
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significantly ~(ANOvA, observed heterozygosity:
F=1.057, df =4, P=0.392, expected heterozy-
gosity: F=0.397, df = 4, P = 0.809, Spanish popu-
lations combined), whereas Fig was positive
(P > 0.05, Table 4). Estimated effective population
size was only 3.9 individuals (95% CI 3.2-4.9) in
the Spanish population. Other populations, with
adequate sample sizes, provided estimates of 35.5
for Slovakia and 28.2 for Kazakhstan (95% ClIs
were 9.7-118.2 and 16.8-68.11, respectively). The
bottleneck test failed to find any evidence of popu-
lation bottlenecks in any population. This indicates
that the present bottleneck has not (yet) reduced
the number of alleles relative to heterozygosity in
the Spanish population. There was also no shift in
the mode of the allele frequency distribution.
However, the M-ratio for the Spanish population
was only 0.65, suggesting that the number of
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Table 4. Expected heterozygosity (Hexp), Observed heterozygosity (Hops) and allele richness (R) per locus and population. Mean Fig is
estimated over all loci for each population. Allelic richness is estimated as the weighted mean for each locus (R).

Spain Slovakia Hungary Kazakhstan Georgia
Locus Hexp Hobs R Hexp Hobs R Hexp Hobs R Hexp Hobs R Hexp Hobs R Mean R
S1 0.772 0.857 4.967 0.710 0.733 5.416 0.810 0.889 6.654 0.841 0.938 6.347 0.833 1 6.000 6.641
LS2 0.644 0.444 3.403 0.811 0.800 6.117 0.784 0.556 6.654 0.802 0.813 5.695 0.767 1 4.000 5.649
LS3 0.401 0.375 2497 0513 0.600 3.322 0.314 0.333 3.667 0.688 0.938 3.498 0.725 0.750 5.000 3.641
LS4  0.063 0.063 1.500 0.186 0.200 1.910 O 0 1.000 0.339 0.375 3.387 0.542 0.750 3.000 2.515
STG4 0.191 0.200 2.324 0.503 0.600 4.421 0.307 0.333 2.882 0.460 0.313 3.491 0.542 0.750 3.000 3.574
Ppi2  0.738 0.786 4.394 0.786 0.733 6.185 0.784 0.667 5.667 0.809 0.800 6.126 0.817 0.875 5.000 5.700
Lox1 0.671 0.556 4.749 0.834 0.667 6.859 0.856 1 7.549 0.643 0.688 4.328 0.675 0.500 4.000 5.412
pocc6 0.383 0.389 3.102 0.186 0.200 1.910 0.392 0.444 2.987 0.063 0.063 1.500 0.242 0.250 3.000 2.667
Mean 0.489 0.459 3.352 0.566 0.567 4.518 0.531 0.528 4.633 0.581 0.616 4.282 0.643 0.734 4.125
Fis 0.051 -0.001 0.007 —-0.063 -0.154

alleles has declined in relation to allelic range.
M-ratios for the other populations were 0.71 for
Slovakia, 0.87 for Hungary, 0.78 for Kazakhstan
and 0.78 for Georgia. According to Garza and Wil-
liamson (2001), an M-ratio below 0.68 indicates a
reduction in population size when analysed for
more than seven loci, i.e. the index suggests a
recent bottleneck in the Spanish population.

The program STRUCTURE did not reveal any
evidence of genetic structuring between the sam-
pling sites, and the highest log-likelihood obtained
was for k=1, i.e. a single panmictic population.
Nevertheless, population structure was suggested
by the factorial correspondence analysis, in which
all the populations cluster separately (Fig. 4).
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Figure 4. Factorial correspondence analysis with the first three
factors presented.

Some structuring was also detected by amova, with
overall Fst = 0.0381 (P < 0.001). It is possible that
STRUCTURE failed to detect any differences between
the populations due to the small sample size and
the number of loci used. The largest pairwise val-
ues were found in comparison with the Georgian
population (0.056-0.124), whereas the smallest
were found between the European populations
(0.010-0.012, Table 2). The Spanish population
did not differ significantly from other European
populations, but the Asian and European popula-
tions did, and the two Asian populations differed
from each other. Total Fgp increased to 0.0508
(P < 0.001) when populations were grouped
according to subspecies minor and turanicus and to
0.0525 when three groups, i.e. Europe, Kazakhstan
and Georgia, were formed. As with the mitochon-
drial data, the highest Fst (0.0806, P < 0.001) was
obtained when all the populations except Georgia
were grouped into one, and this grouping arrange-
ment was supported by samova. This increased the
among-group variation to 6.08%, and also the
among-population  within-group  variation to
1.99%. The correlation between gene flow
(Fst/1 — Fst) and the natural log of geographical
distance was calculated using a Mantel test, and
was 0.3842 (P = 0.062), which is slightly greater
than the value obtained with the mitochondrial
sequence data. Although the differences between
the European populations were small, most of the
individuals were correctly assigned to their popula-
tion of origin (all the Spanish birds, 13 of 15 birds
from Slovakia, eight of nine birds from Hungary,
15 of 16 birds from Kazakhstan and all the Geor-
gian birds).
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DISCUSSION

Population structure

The endangered Spanish population differed signif-
icantly from all others in mitochondrial markers,
but only from Caucasian and Asian populations in
nuclear markers, even though the distance to the
next sampled European breeding population was
considerable. This might indicate exchange of
breeders among European populations, but a more
likely possibility is that the decline and isolation of
the Spanish population is still so recent that
genetic drift has only had time significantly to
affect mtDNA. As mtDNA has a quarter of the
effective population size of nuclear markers
(assuming equal variance in male and female
reproductive success), the former should show the
effects of drift four times faster, irrespective of the
fact that the mutation rate in microsatellites is gen-
erally higher than in mtDNA (see Zink & Barrowc-
lough 2008). Failure to find signs of a genetic
bottleneck in microsatellite markers in two of the
three bottleneck tests used might also indicate that
the observed population declines and resulting iso-
lation are too recent to be detected using genetic
data.

AMOVA suggested genetic differentiation between
populations within the assumed subspecies
L. m. turanicus: birds from Georgia and Kazakh-
stan differed significantly and even more so from
each other than from some European populations
(Table 2). Therefore, the existence of two subspe-
cies, one from Europe (L. m. minor) and one from
Asia (L. m. turanicus), may need re-evaluation. It
is worth highlighting that the Georgian popula-
tion, which was the most divergent from all others,
is surrounded by the Caucasus Mountains, the
Black Sea and the Caspian Sea, suggesting stronger
physical barriers for this population. On the migra-
tion route from Africa to breeding sites, Lesser
Grey Shrikes diverge in migration direction from
the Arabian Peninsula onwards, heading northwest
through Turkey to Europe, north through Georgia
to Caucasia and southern Russia, or northeast
through Iran to Kazakhstan (Dowsett 1971,
Lefranc & Worfolk 1997). This spatial segregation
coupled with the high site-fidelity reported at least
for adults (Hantge 1957, Kristin et al. 2007) could
restrict gene flow and therefore explain the rela-
tively greater differentiation between European,
Georgian and Kazakh populations. Additional
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sampling of populations and individuals is neces-
sary to test this conclusion and to reject the alter-
native possibility that the genetic structure
described here has arisen solely through isolation
by distance.

Finally, mitochondrial data suggest a historical
expansion that may have occurred close to the last
glacial period, perhaps beginning during one of the
warm interstadial periods. The most common haplo-
type W1 was found in all populations and lies at
the centre of the haplotype network, suggesting
that it is an ancestral haplotype already present at
the time of the expansion and that most or all
other haplotypes evolved subsequently. Similar
expansions have been detected for many species
whose populations were confined to southern
European refugia when glaciers spread across
northern latitudes (Newton 2003). Furthermore,
current migration routes may retrace ancestral
routes of expansion during past colonization
(Ruegg & Smith 2002). Thus, it is possible that
Lesser Grey Shrikes migrate along flyways that
evolved from historical colonization routes after an
expansion from a refuge in the Middle East.

Within-population diversity and breeding
range fragmentation

Genetic variation is lower in the Spanish popula-
tion of the Lesser Grey Shrike than in any of the
others we sampled. Given that the Spanish popu-
lation is extremely small, geographically isolated
and distant from the continuous breeding range,
this is not a surprise. Thus, it seems that the recent
reduction in population size coupled with periph-
eral isolation has resulted in loss of genetic diver-
sity through genetic drift and/or reduced gene
flow. Since the beginning of the 20th century,
one-third of the previous geographical range of the
Lesser Grey Shrike has been lost, almost all in the
westernmost parts of its range (Lefranc 1995,
1999, Lefranc & Worfolk 1997). This has resulted
in the current distribution of small, isolated and
still declining populations in Italy, France and
Spain (Lefranc & Worfolk 1997, Rufray & Rous-
seau 2004, Giralt & Valera 2007).

An alternative explanation for the low genetic
diversity of the Spanish population could be a
founder effect associated with recent colonization.
Wallace and Sage (1969) suggested a recent expan-
sion to northern Spain from France along the



Mediterranean coast in the 1960s. However, the
oldest historical record in the Iberian Peninsula is
from the 19th century (Vayreda 1883) and addi-
tional observations were reported in the 1940s
(Heymer 1964). Therefore, it is likely that the
species was abundant in France during the 19th
century and that the range in Europe contracted
mostly during the 20th century. Thus, the low
genetic variation of the Spanish population is more
probably related to recent fragmentation and pop-
ulation decline than to a recent colonization event.
Analysis of historical museum samples (e.g. Gold-
stein & Desalle 2003, Mundz-Fuentes et al. 2005)
would enable a more definitive test of these
alternatives.

Conservation implications

A census of the Spanish population during 2004
and 2005 recorded 24 and 20 pairs, respectively. In
2006 and 2007, the population size declined to 13
and nine pairs, respectively. The effective popula-
tion size estimated here is extremely small (3.9),
genetic variation is low and Fig is positive (though
not significantly), suggesting a substantial loss of
genetic diversity in this population. At the same
time, the population is facing long-term habitat
loss (Giralt & Bota 2003, Giralt et al. 2008a).
When small, isolated populations face environmen-
tal, demographic and/or genetic degradation, the
population may end in an extinction vortex: a
downward spiral in which the three factors mutu-
ally enhance each other, ultimately resulting in
extinction (Gilpin & Soulé 1986). The present
Spanish population is facing all three threats: habi-
tat loss and instability, population decrease and loss
of genetic variability. Moreover, the most likely
source of immigrant birds for this population, the
nearest French population, is also in serious decline
(Rufray & Rousseau 2004), making it likely that
the Spanish population will soon become extinct.
Even though the Spanish population (or any of
the other studied populations) is not reciprocally
monophyletic for mitochondrial markers, as would
be required for treating the population as an ESU
(sensu Moritz 1994), we found significant diver-
gence in mitochondrial haplotype frequencies from
all other populations and in microsatellite allele
frequencies from the two easternmost populations.
This implies that the population should be consid-
ered an MU. The eastern populations (Georgia and
Kazakhstan) could each form their own MUs,
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whereas the Slovakian and Hungarian populations
could be combined into one. According to Cran-
dall et al. (2000), management decisions should be
based on ecological and genetic exchangeability
between populations at present and in the past.
Present genetic exchangeability is clearly rejected
in our case and there is support also for rejection
of ecological exchangeability between the Geor-
gian, Kazakh and European populations (e.g. due
to differences in migration routes). However, there
are indications, such as spatial synchronization of
western populations (Giralt & Valera 2007), that
the Spanish population belongs to the same MU as
other European populations (ecological exchange-
ability). In this case, the present genetic differenti-
ation is simply a result of recent population
fragmentation through anthropogenic effects.
Thus, our results suggest at least three MU, given
the likelihood of ecological exchangeability
between European populations at present and in
the past.

Urgently needed conservation measures include
large-scale habitat management (Giralt & Valera
2007) to provide breeding sites and allow for gene
flow. Habitat management has been tested at a
small scale, but its effectiveness has been difficult
to estimate reliably (Giralt er al. 2008b). Other
apparently more effective conservation actions
include provisioning of supplementary food and
controlling Eurasian Magpies to increase shrike
nesting success (Giralt et al. 2008b). However, the
situation may already be so desperate that even if
reproductive output were improved, the popula-
tion would not recover.

Another possibility could be initiation of a
re-introduction or a reinforcement programme to
increase genetic variation and population size.
Our results imply that if desperate measures are
needed to maintain the Spanish population, the
stocks used for reinforcement should be drawn
from other European populations, preferably the
closest ones in France and Italy. It was unfortu-
nate that we were not able to obtain samples
from these populations for this study because
the genetic variation and structure of these pop-
ulations should be investigated prior to any rein-
troduction or reinforcement project. In addition,
the origin of founders must be considered in the
context of migration behavior, given that direc-
tional preferences at least differ among European
Lesser Grey Shrike populations (Lefranc & Wor-
folk 1997).
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