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Abstract It is generally considered that limiting the loss
of genetic diversity in reintroduced populations is essential
to optimize the chances of success of population restora-
tion. Indeed, to counter founder effect in a reintroduced
population we should maximize the genetic variability
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within the founding group but also take into account
networks of natural populations in the choice of the
reintroduction area. However, assessment of relevant
reintroduction strategies requires long-term post-release
genetic monitoring. In this study, we analyzed genetic data
from a network of native and reintroduced Griffon vulture
(Gyps fulvus) populations successfully restored in Southern
Europe. Using microsatellite markers, we characterized the
level of genetic diversity and degree of genetic structure
within and among three native colonies, four captive
founding groups and one long-term monitored reintroduced
population. We also used Bayesian assignment analysis to
examine recent genetic connections between the reintro-
duced population and the other populations. We aimed to
assess the level of fragmentation among native populations,
the effectiveness of random choice of founders to retain
genetic variability of the species, the loss of genetic
diversity in the reintroduced population and the effect of
gene flow on this founder effect. Our results indicate that
genetic diversity was similar in all populations but we
detected signs of recent isolation for one native population.
The reintroduced population showed a high immigration
rate that limited loss of genetic diversity. Genetic investi-
gations performed in native populations and post-released
genetic monitoring have direct implications for founder
choice and release design.

Keywords Reintroduction - Griffon vulture - Genetic
diversity - Gene flow
Introduction

The importance of genetic processes for the success of
population restoration through reintroduction or transloca-
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tion has been largely discussed but accurate data remain
scarce (Sarrazin and Barbault 1996; Frankham et al. 2002;
Goossens et al. 2002). One of the main concerns of species
reintroduction program is to conserve genetic variability in
newly founded populations. Indeed post-reintroduction
genetic drift, with similar consequences as founder effect,
often results in a reduction of genetic diversity (Nei et al.
1975; Robichaux et al. 1997). One way to limit negative
effects of foundation during reintroductions is to maximize
the genetic diversity of the founding group, which can be
achieved via a pre-release genetic monitoring (Earnhardt
1999). Indeed, in any reintroduction program, avoiding
inbreeding in the creation of reintroduced stock increases
the long-term reintroduction success (Gautschi et al.
2003a). The choice of sufficiently genetically diverse
founders is thus crucial for reintroduction success and
depends on the genetic variability of remnant captive or
native populations. The historical structure of the former
populations must also be taken into account to better define
appropriate sources of founders. To avoid outbreeding
depression, genetic structure among available source pop-
ulations must be studied to assess whether individuals from
various populations can be mixed (Friar et al. 2001).
Moreover, for endangered species that have recently
undergone a fragmentation event modifying their inter- and
intra-population genetic structure, reintroduction programs
should aim to recover past genetic structure. Knowledge of
the genetic diversity and historical events of gene flow
among remnant populations is essential to optimize the
choice of released founders (Godoy et al. 2004).

Another way to restrain the loss of genetic diversity in a
newly founded population is to aim for re-establishment of
the population in a network of populations that have the
potential to exchange individuals (Latch and Rhodes 2005).
In theory, a relatively small effective number of migrants
(one per generation; Newman and Tallmon 2001) can stop
the loss of genetic diversity in small populations (Keller
et al. 2001) and decrease the deleterious effects of
inbreeding in fragmented populations (Couvet 2002).
Theoretical (Lubow 1996), empirical studies (Madsen
et al. 1999) and experimental reinforcements confirmed the
genetic and demographic ‘‘rescue effects’” of immigration
on population persistence. In that case, we must evaluate
the impact of the potential gene flows between
reintroduced populations and remnant ones on the genetic
restoration of the former (Hedrick 2005). Thus, in restored
or reintroduced populations, genetic monitoring is useful to
evaluate founder effects, estimate gene flows between
reintroduced and native populations and assess the long-
term restoration of genetic diversity (e.g., DeYoung et al.
2003; Vernesi et al. 2003). In return, such information can
be used to optimize reintroduction strategies in terms of
origin, number, location of releases, etc.
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However, the assessment of founder effects, restoration of
genetic diversity and gene flow patterns ideally requires
long-term intensive demographic and genetic monitoring.
This probably explains why relevant population genetics
studies primarily concern plant reintroductions (Falk and
Holsinger 1991) and are seldom conducted on the restoration
of long lived animals (but see Hedrick 1995; Ralls and Ballou
2004). Here, we present the analysis of genetic diversity and
structure of an exceptional network of restored Griffon
vulture (Gyps fulvus) populations in Southern Europe,
including both natural and reintroduced populations.

Griffon vultures are social scavengers and colonial cliff
nesters. They are long lived birds with a generation time up
to 11 years (Ferriere et al. 1996). They become sexually
mature at 4 years; females lay one egg per year. Griffon
vultures are generally philopatric, with breeders being
faithful to their area of first breeding (Sarrazin et al. 1996).
Nevertheless, erratic behavior of young birds is frequent
(Bernis 1983). Movement capacities of Griffon vulture are
high, e.g., a study on seasonal movements of marked birds
in Croatia showed that annual average distance out of their
natal area was between 400 and 600 km (Susic 2000).
Griffon vultures were widespread around the Mediterra-
nean Sea but underwent a severe demographic decline
between the end of the 19th century and the beginning of
the 20th century, mainly due to direct and indirect human
persecutions (Donazar 1993). In France, they went extinct
in the Alps at the end of the 19th century and in the Massif
Central in 1945. In the 1970s, ban on poisoning and
management of feeding places favored an increase in
Griffon vulture populations in the western part of the
species range, with the largest population settling in Spain
(18,000 pairs in 1999, Del Moral and Marti 2001). In
contrast, in the Balkans and in Northern Africa, the number
of pairs remained low and declining and local extinctions
are still topical (Garrido et al. 2005). In France, five
Griffon vulture reintroduction programs have taken place
since the 1980s, into a matrix of spatially fragmented
native populations. For all reintroduction programs, foun-
ders coming from natural populations were randomly
sampled among birds from rescue centers and zoos.
Release stocks were built without genetic information.

The demography of native and reintroduced Griffon
vulture populations has been intensively monitored since
1970. Such surveys have provided valuable information
regarding survival (Sarrazin et al. 1994), breeding biology
(Sarrazin et al. 1996; Fernandez et al. 1998), and move-
ment (Susic 2000, Bosé et al. (in press)). However, they
are not sufficient to infer some important demographic
processes, such as effective dispersal. To our knowledge no
genetic study has yet been undertaken on Griffon vulture
populations. Indeed, as the main population in Spain
always contained more than 3,000 breeding pairs (Camifia
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2004) and potentially sent individuals to other native
populations, we do not think that the demographic bottle-
neck in Western native populations affected their genetic
diversity. Moreover, taking into account the high dispersal
ability of the Griffon vulture and the fact that in the recent
past, the distribution of the Griffon vulture was more or
less continuous over its range, low genetic structure is
expected among native populations. On the contrary, due to
the current decline and extinction events in native popu-
lations east of the French Alps, the genetic diversity and
structure of these populations and the possibility of gene
exchange with Western populations are still questioned.
Because of the heterogeneity in resightings of banded
breeders among Griffon vulture populations, estimating
gene flow using banded birds monitoring is difficult. The
importance of recent genetic connections between newly
established and remnant native populations can however be
studied with genetic approaches. A genetic monitoring of
Griffon vulture populations was thus required to evaluate
(1) recent genetic diversity in Eastern Griffon vulture
populations and (2) current patterns of differentiation and
gene flow among populations, particularly between rein-
troduced and native populations.

We used ten microsatellite markers to investigate
genetic diversity and structure of three native populations
(one successfully reintroduced population two generations
after its release and four captive founding stocks) and to
assess recent gene flows among established populations.
We tested (1) whether fragmentation existed among native
populations, (2) whether the random founder sampling
strategy used for the creation of release stocks was effec-
tive with regards to genetic diversity and structure of native
populations, (3) whether the genetic diversity of the rein-
troduced population was affected by founder effect and (4)
whether genetic connections between reintroduced and
native populations were restored.

Materials and methods
Study areas

We studied three native colonies in Israel, Croatia and in
the French Pyrenees (Ossau), one settled reintroduced
colony in southern Massif Central in France (Causses) and
four captive founding groups of reintroduction programs
(one in Navacelles and three in the southern French Alps),
in which we sampled and analyzed a total of 363 Griffon
vultures (Fig. 1).

Geographical and historical situation

The native populations we studied exhibit contrasting
demographic histories. Israel and French Pyrenees

populations have undergone a demographic decline but are
now increasing. In Israel, the estimated number of breeding
pairs was 68 in 1978, which was three to five times smaller
than in 1950 (Mendelssohn and Leshem 1983) but it had
reached 140 by 2002 (Slotta-Bachmayr et al. 2004). In the
French Pyrenees, only seven pairs had been observed in
1970 in the Ossau Valley but the population increased up to
117 pairs in 2002. In contrast, the Croatian population is
still declining: Griffon vultures were formerly widespread
over all the Dalmatian coast and Adriatic Islands in Croatia
but they now breed only on the Kvarner Islands (Slotta-
Bachmayr et al. 2004). In the 1980s the number of Cro-
atian Griffon pairs was about 150. Due to the prevalence of
poisoning, the Croatian population declined and the num-
ber of pairs was estimated at 90 in 2002 (Slotta-Bachmayr
et al. 2004).

The first reintroduction occurred in France, in the
Causses area. Between 1980 and 1986, 61 birds coming
from Spain, the French Pyrenees and several zoos were
released. Currently, 116 pairs breed in Causses and the
colony is still increasing. Fifty Griffon vultures, coming
mainly from Spain and zoos, were then released in Nava-
celles between 1993 and 1997. This reintroduction failed
and 22 of these birds breed at present in the colony of
Causses. Finally, Griffon vultures were reintroduced in the
southern French Alps between 1996 and 2005. In the
Baronnies, 56 birds coming mainly from Spain, Causses,
French Pyrenees and zoos were released between 1996 and
2001. In the Diois, 43 birds coming from Spain, Causses
and French Pyrenees were released between 1999 and
2004. In Verdon Canyon, 90 birds coming from Spain and
French Pyrenees were released between 1999 and 2005.
For all reintroduction programs, founders were kept several
years in captivity before release.

2001: n=54
2002: n=23
2003: n=29

Natural colonies
o Settled reintroduced colony

©  Founding groups: A.Diois (n=30), B.Baronnies (n=39),
C.Verdon Canyon (n=25), D.Navacelles (n=15)

W Species distribution

Fig. 1 Current Griffon vulture distribution (adapted from Slotta-
Bachmayr et al. 2004) and location of sampled colonies and founding
groups (n number of individuals used for genetic analyses)
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Sampling

In Israel, we collected 23 feathers plucked on adults cap-
tured in 2000 and preserved them in dry condition. In
Croatia, we analyzed dry feathers of 40 chicks born on
islands between 1997 and 2004. In Ossau and Causses,
growing feathers were sampled each year on chicks and
conserved in 70% ethanol. In Ossau, we analyzed 85
individuals hatched in 1993, 1996 and 2000. In Causses,
we analyzed 106 chicks hatched in 2001, 2002 and 2003.
The latter chicks hatched about two generation times after
release. As successful breeding pairs were faithful to their
nest across years, we kept one chick per nest over the
3 years in order to exclude siblings. All birds sampled in
Israel, Croatia, Ossau and Causses were banded birds.
Consequently, all samples come from distinct individuals,
although some individuals could be related. All sampled
individuals were either chicks or adults, thus pre-breeders
or seasonal migrants were unlikely to be sampled.

For the captive founding groups, we sampled blood on
captive individuals before release in Navacelles (n = 15),
Baronnies (n = 39), Verdon Canyon (n = 25) and Diois
(n = 30). Among the 94 individuals released in the French
Alps sites, 64 were known to be wild caught in Spain and
kept for some time in rescue centers (Navarre and
Valence). We used these 64 individuals as Spanish sample
for analyses on the genetic structure of native populations.
We also tested if Ossau, considered as the Northern fringe
of the Spanish population (Terrasse 1983), could be
considered as a sample of the Spanish population for all
other analyses.

Molecular techniques

DNA samples from Alpine sites, Navacelles, Causses
(1993, 2000) and Ossau were obtained using the Chelex
100 (Ellegren 1994) and standard phenol/chloroform
protocols (Sambrook et al. 1989). For all other feather
samples, we extracted DNA from a 2 mm piece of calamus
with the CTAB method (Kretzmann et al. 2003). We
retained ten microsatellite loci for the quality of their
amplification products and their polymorphism level on
Griffon vulture. Five loci were chosen among the 13
characterized by Mira et al. (2002) on Griffon vulture and
five among the ten characterized by Gautschi et al. (2000)
on Bearded vulture (Gypaetus barbatus, Table 1). PCR
mixtures (10 pL. final volumes) contained approximately
2 ng of template DNA, 0.2 mM dNTP, 0.25 pM R-Primer,
0.25 uM  L-Primer fluorescently labeled with one of
6-FAM, VIC, NED, PET (Applied Biosystems), 1 U Tag
DNA polymerase and 1x buffer (Qbiogene). Cycling was
performed in a MWG AG thermal cycler (Biotech) under
the following conditions: 95°C for 5 min, five cycles of
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1 min at 95°C, 30 s at the suitable annealing temperature
(from 53 to 56°C) and 1 min at 72°C, then 20-30 cycles of
30 s at 94°C, 30 s at the annealing temperature, and 30 s at
72°C and a final step of 20 min at 72°C; annealing tem-
peratures and cycle number depended on loci. PCR prod-
ucts were resolved on a 310 DNA sequencer and analyzed
using GENESCAN software (Applied Biosystems).

Data analysis

We analyzed eight ‘‘populations’ sorted into three groups:
(1) native group: Israel, Croatia, Ossau (cohorts 1993, 1996
and 2000 pooled), (2) settled reintroduced group: Causses
(cohorts 2001, 2002, 2003 pooled) and (3) captive founding
group: Navacelles, Baronnies, Verdon Canyon and Diois.
For analyses without comparison with captive groups, the
Spanish population was added to the native group.

To assess whether the selected loci were sufficiently
polymorphic to evaluate between-group structure, we cal-
culated the probability of identity Pjp, which is the prob-
ability that two individuals drawn at random from a
population have the same genotype at multiple loci (Tab-
erlet and Luikart 1999). We computed the multilocus
unbiased Pjp among the 363 analyzed individuals using the
Waits et al. (2001) formulae implemented in the FaMoz
software (Gerber et al. 2003).

In order to detect homozygous excess in populations, we
tested departures from Hardy—Weinberg equilibrium
(HWE), genotypic linkage disequilibrium among loci and
over all ‘‘populations’’ by Fisher’s exact test with GENEPOP
v 3.4 (Raymond and Rousset 1995). A sequential Bonfer-
roni correction (Rice 1989) was used for these tests.

Assessment of fragmentation within the native group

We first quantified the genetic variability within each na-
tive population by the expected and observed heterozy-
gosity, the number of polymorphic loci and the mean
number of alleles per locus using GENETIX 4.02 (Belkhir
et al. 1996) and the mean allelic richness using FSTAT
2.9.3.2 (Goudet 1995). We also used Queller and Good-
night’s (1989) estimator of relatedness (r) to calculate
relatedness value among individuals of the native group.
The expected relatedness values are 0 among unrelated
individuals, 0.25 among half sibs and 0.5 among full-sibs.
We chose this method to compare our results with those
obtained in studies on genetic diversity of long lived raptor
populations using microsatellite data.

We then used the following genetic differentiation tests
(1) to estimate the level of fragmentation among native
populations, (2) to confirm if Ossau and Spain could be
considered as a single population. We estimated Wright’s
F-statistics according to Weir and Cockerham (1984) as
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g&gﬁ:rpﬁgﬁ Z‘;‘ﬁfons and Locus® Published in PCR conditions A,
microsatellite loci in European  pg( Mira et al. (2002) 55°C, 35 cycles 2.0
populations of Griffon vultures .
GVBV17 Gautschi et al. (2000) 55°C, 35 cycles 2.0
GF3F3 Mira et al. (2002) 55°C, 35 cycles 2.25
GVBV13 Gautschi et al. (2000) 50°C, 30 cycles 2.5
GVBV20 Gautschi et al. (2000) 56°C, 30 cycles 4.58
GVBV11 Gautschi et al. (2000) 56°C, 30 cycles 5.5
Am mean number of alleles per GF3H3 Mira et al. (2002) 56°C, 30 cycles 6.7
locus GF11A4 Mira et al. (2002) 53°C, 30 cycles 8.1
* Loci are sorted by increasing GF9Cl1 Mira et al. (2002) 53°C, 30 cycles 9.5
{233‘: number of alleles per GVBV12 Gautschi et al. (2000) 56°C, 30 cycles 12.6
implemented in GENEPOP v 3.4. We estimated pairwise Fr, Goodnight’s (1989) estimator of relatedness among

and determined their statistical significance by 10, 000
permutations with MSA 3.12 (Dieringer and Schlotterer
2003). We then used the Mantel test (Mantel 1967) for
correlation between Fsr and geographical distance matri-
ces based on 10, 000 permutations as implemented in
GeNepoP v 3.4. This allowed us to evaluate whether
there was generalized isolation by distance among native
populations.

Assessment of the random sampling strategy of founders

The random sampling strategy can be considered effective
if the genetic diversity within founding groups is similar to
that in the native populations. To assess the effectiveness
of the random sampling strategy of founders, we compared
the genetic variability between native and captive founding
groups and we estimated the genetic differentiation be-
tween these groups. In all analyses, we excluded the
Spanish population from the native group to avoid dupli-
cate individuals. We quantified genetic variability within
each captive founding stock using the same tests as for the
native populations. We used the ‘‘Comparison among
groups of samples’” option of FsTaT 2.9.3.2 with 10, 000
permutations to assess the significance of differences in
allele richness, observed heterozygosity and relatedness
between native and captive founding groups. To assess
genetic differentiation between native populations and
captive founding stocks, we used pairwise Fgr as before.

Assessment of founder effect in the settled reintroduced
population

If a founder effect occurred in the settled reintroduced
population (Causses), the genetic diversity is expected to
be smaller than in native populations. We quantified the
genetic diversity of the Causses population using GENETIX
4.02 (Belkhir et al. 1996) and we estimated Queller and

individuals. We then compared the allele richness, ob-
served heterozygosity and relatedness between the native
and reintroduced groups using the ‘‘Comparison among
groups of samples’” option of FstaT 2.9.3.2 with 10, 000
permutations.

Assessment of genetic connections between settled
reintroduced and native populations

We estimated recent migration rates among the native and
the Causses populations using the Bayesian inference
method based on Markov chain Monte Carlo approach
(MCMC) implemented in BAaYEsass 1.2 (Wilson and
Rannala 2003). This method uses individual multilocus
genotypes to estimate rates of recent immigration (last
generation). It requires that all populations exchanging
migrants have been sampled. We thus considered, for this
analysis, the 64 individuals coming from Spanish rescue
centre as a Spanish group. The use of the hatching cohorts
two generations after release in Causses allowed us to limit
the effect of origin of founders. To examine the strength of
the information in the Griffon vulture microsatellite data-
set, 95% confidence intervals were determined for migra-
tion rates and compared to a scenario where all proposed
changes throughout the Markov chain are accepted.
Thereby simulating the event where any information that
may exist in the data is insufficient to affect the posterior
distribution of migration rates. As recommended by the
authors, we ran 3 X 10° MCMC iterations, with the first
10° discarded as burn-in. Optimal delta values for migra-
tion rate (m), inbreeding coefficient (F) and allele fre-
quencies (p) were fixed at m = 0.10, F = 0.15 and p = 0.10
according to the numerical convergence of MCMC algo-
rithm assessment in three previous runs. We performed
eight runs, rearranging the order of the populations in the
input file to test the reliability of the results.
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Results

Except for the Croatian and Navacelles populations, for
which GVBV13 was monomorphic, all loci were poly-
morphic in native populations, the settled reintroduced
population and in founding stocks. The mean number of
alleles per locus and per population over all studied indi-
viduals ranged from 2 to 12.6 (Table 1). No significant
genotypic linkage disequilibrium was detected after
Bonferroni corrections. The probability of identity for the
ten-locus combination was less than 0.001, i.e., the ten loci
used in this study were polymorphic enough to unambig-
uously characterize each individual by a unique multilocus
genotype.

For all populations in each of the three groups, HWE at
each locus was not rejected except for GF8G1 in Causses
as well as GF3F3 and GVBVI13 in Diois (Table 2).
According to this test, each settled (either native or rein-
troduced) population could thus be considered as a pan-
mictic pool of individuals. Moreover, as no Wahlund effect
was detected in captive founding groups, the founding
groups can be considered as random samples of a pan-
mictic population.

Fragmentation of native populations

The mean number of alleles per polymorphic locus, the
allelic richness and rates of heterozygosity (both observed
and expected) were similar in all native populations
(Table 2).The estimator of relatedness among individuals
in native populations was r = —0.0071 (£0.001). This value
was similar to the one obtained in among wild born mated
pairs of Eastern imperial eagle population (Aquila heliaca,
r =-0.0027 = 0.0367, n = 31, Rudnick et al. 2005).
Global F-statistics among native populations were
characterized by a low value of Fir (0.049), with most
variance observed among colonies (Fsr = 0.028,

p < 0.001). The Fis value (within-population variability)
was 0.021. Fgr estimated between population pairs were
generally low (between 0 and 0.063) and were significantly
different from 0 only between Croatia and all other groups
and between Ossau and Israel (Table 3). Analyze of iso-
lation by distance revealed no significant association be-
tween geographic distances and Fst ("yanter = —1.4 X 1076,
p = 0.498).

All genetic differentiation tests indicated that there was
no statistical difference in allelic composition between
Ossau and the set of 64 individuals coming from Spanish
rescue centers that were released in the French Alps. Thus,
we considered Ossau as a sub-sample of the Spanish
population.

Founder sampling strategy

The allelic richness and rates of heterozygosity (both
observed and expected) of the captive founding groups
were similar to that in native populations (Table 2). The
estimator of relatedness among individuals in founding
group was similar to the one in native populations and it
was near 0 (r = -0.009 = 0.0027). It was lower than the
one obtained in captive Bearded vulture population which
was significantly different from 0 (r = —-0.051 = 0.007,
n =702, Gautschi et al. 2003a). Comparisons among
native and captive founding groups revealed no difference
in allele richness (p = 0.32), observed heterozygosity
(p = 0.38) or relatedness (p = 0.45). No genetic structure
was observed among captive founding groups or between
founding groups and native populations, except with
Croatia (Table 4).

Founder effect in the settled reintroduced population

The mean number of alleles per polymorphic locus in the
settled reintroduced population was high (7.2, Table 2).

Table 2 Genetic variability over all ten loci for the different groups of European Griffon vultures

Group Populations N A R P H, H, Departure from HW
Native Ossau 85 5.9 3.7 100 0.588 (0.243) 0.587 (0.223) -
Israel 23 5.6 39 90 0.545 (0.314) 0.524 (0.306) -
Croatia 40 5.6 3.8 90 0.594 (0.291) 0.604 (0.263) -
Settled reintroduced Causses 106 7.2 3.9 100 0.580 (0.253) 0.592 (0.239) GF8G1
Captive founding Baronnies 39 5.7 3.7 100 0.588 (0.254) 0.573 (0.226) -
Diois 30 5.7 3.8 100 0.565 (0.267) 0.609 (0.191) GF3F3, GVBV13
Verdon Canyon 25 5.3 3.6 100 0.549 (0.291) 0.561 (0.241) -
Navacelles 15 4.8 3.7 90 0.533 (0.303) 0.530 (0.298) -

Native and settled populations are given on the upper part; founding groups of reintroduction programs on the lower part

N sample size, A mean number of alleles per polymorph locus, R allelic richness P percentage of polymorph loci (95% threshold), H, observed
heterozygosity, H, expected heterozygosity at Hardy—Weinberg equilibrium, Departure from HW loci showing a departure from Hardy—

Weinberg equilibrium
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Table 3 Fgr values (above the diagonal) between pairs of native
populations and their statistical significance (calculated with MSA
3.12, below the diagonal)

Spain Ossau Croatia Israel
Spain - 0 0.063* 0.021
Ossau n.s. - 0.057* 0.025
Croatia 0.0006 0.0006 - 0.055%
Israel n.s. 0.003 0.0006 -

* Significant Fgr after Bonferroni correction

Moreover, the relatedness estimate among individuals in
this group was as low as the one among individuals in
native populations (r = —0.0068 + 0.003). The other indi-
ces of genetic variability also had the same range as those
in native populations (Table 2). Comparisons with native
populations revealed no decrease in allele richness
(p = 0.18), observed heterozygosity (p = 0.97) or related-
ness (p = 0.43).

Genetic connections between settled reintroduced and
native populations

The mean posterior probabilities and 95% confidence
intervals for migration rates between Causses and native
populations are reported in Table 5. We pooled samples
from Ossau and Spain because of their low genetic dif-
ferentiation. When all proposed changes were accepted in
the Markov chain, which is equivalent to using no infor-
mation from the data to estimate migration rates, we
obtained a 95% confidence interval of approximately
(0.67-0.99) for nonmigration rates and of (0-0.21) for
migration rates. When the Griffon vulture data set was used
to estimate migration, the confidence intervals were
considerably smaller than those obtained from the above
scenario, suggesting that our microsatellite data set con-
tained an appreciable amount of information to estimate
migration rates and other parameters of interest. Self
recruitment was low in Israel and Causses, reflecting higher

immigration rates in these populations (Table 5). Self
recruitment was higher in Spain, which was the biggest
population. We found higher migration rates from Spain to
Israel than from Israel to Spain (Table 5). On the contrary,
migration into and from Croatia was limited (Table 5). The
migration rate estimated from Spain into Causses colony
was very high (Table 5). Very few exchanges were
detected between Causses and Croatia or Israel (Table 5).
Rearranging the order of populations in the input files
never affected the ‘‘source’’ status of Spain.

Discussion

The measured genetic diversity was similar in all native
and successfully reintroduced populations, as well as in
captive founding groups of Griffon vulture. Moreover, the
levels of genetic diversity in the Griffon vulture popula-
tions were higher than those estimated for other species of
Vulture in Europe (G. barbatus, Gautschi et al. 2003b and
Neophron percnopterus, Kretzmann et al. 2003). Low Fgr
among native populations confirmed the past existence of
high dispersal rates among populations. However, the
population of Croatia was significantly differentiated from
all other Western and Eastern populations, although pair-
wise Fgr estimate were low. This genetic divergence,
which was not explained by isolation by distance, could be
due to limited immigration into Croatia as we revealed
with Bayesian methods. Restricted gene flow into Croatia
is worrying because this population is small, unlike the
Spanish one in which immigration is also low. Low
immigration rates and small population size may quickly
lead to genetic differentiation. We suggest that the present
genetic structure is due to the recent isolation of Croatia
from other populations. Indeed, in the Alps, geographically
intermediate populations between Croatia and Ossau
disappeared at the end of 19th century. Extinctions of
intermediate populations between Croatia and Israel, in the
Balkans, occurred along the 20th century. These extinction

Table 4 Fgr values (above the diagonal) between pairs of natives, settled reintroduced and captive founding populations and their statistical

significance (calculated with MSA 3.12, below the diagonal)

Ossau Croatia Israel Baronnies Verdon Canyon Diois Navacelles

Ossau - 0.057* 0.025% 0 0 0.004 0

Croatia 0.002 - 0.055% 0.055% 0.069* 0.067* 0.043%
Israel 0.01 0.002 - 0.017 0.024* 0.032* 0.020
Baronnies n.s. 0.002 n.s. - 0.002 0.004 0

Verdon Canyon n.s. 0.002 0.01 n.s. - 0.006 0.004
Diois n.s. 0.002 0.002 n.s. n.s. - 0.018
Navacelles n.s. 0.002 n.s. n.s. n.s. n.s. -

* Significant Fgr after Bonferroni correction
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Table 5 Mean values and 95% confidence intervals of the posterior distributions for migration rates among native and settled reintroduced

Griffon vulture populations

To Rate from

Spain + Ossau Croatia

Israel Causses

Spain + Ossau 0.995 (0.98-0.99)

Croatia 0.04 (0-0.14)
Israel 0.142 (0.007-0.17)
Causses 0.29 (0.26-0.32)

0.001 (0-0.007)
0.943 (0.83-0.99)
0.09 (0.004-0.13)
0.003 (0-0.01)

0.001 (0-0.007)
0.009 (0-0.04)
0.747 (0.67-0.88)
0.004 (0-0.017)

0.002 (0-0.01)
0.009 (0-0.04)
0.01 (0-0.06)
0.693 (0.67-0.72)

Source populations are given in columns, recipient populations in rows. Values along diagonal are self-recruitment rates in each generation for

each colony

events, which occurred only about seven Griffon vulture
generations ago, may have isolated Croatia from others
colonies. The same pattern of genetic differentiation was
observed for a long lived raptor, the Spanish imperial
eagle, Aquila adalberti, in a similar demographic situation
and after only five to seven generations of isolation
(Martinez-Cruz et al. 2004). Therefore limited dispersal
rate may increase quickly genetic differentiation in a for-
merly widespread and common species. The same genetic
pattern that we observed in our study could be expected for
the Indian Gyps species which declined about 90% in the
last 10 years (Prakash et al. 2003). Moreover, theoretical
and empirical studies showed that fragmentation can rap-
idly affect the genetic differentiation among populations,
whereas measures of within-population genetic diversity
decrease more slowly (Keyghobadi et al. 2005). According
to these studies, the combination of significant genetic
differentiation and maintenance of within-population
genetic diversity in the Croatian population may be
explained by a recent isolation of this population from
others populations. Unfortunately, banded breeders were
rarely identified in Griffon vulture populations. This pre-
vented us to combine genetic and demographic data to
understand a possible nonequilibrium population structure
in recently fragmented population as Tallmon et al. (2002)
suggested. However, we propose that, together with mea-
sures of eradication of major threats such as poisoning,
immigration of foreign birds into Croatia should be favored
to optimize population viability, by reducing the loss of
genetic diversity and preventing the loss of adaptive vari-
ants (Hedrick 2005). The risks associated with outbreeding
are suspected to be low due to low Fgr but should still be
monitored through crossing in captivity of individuals from
Croatia and other colonies before choosing individuals for
reinforcement.

The genetic diversity of Griffon vulture founding stocks,
assembled from randomly chosen individuals, was similar
to that of native populations. The random choice of foun-
ders among growing populations is thus effective to retain
genetic variability of native populations. Moreover,

@ Springer

excepting Croatia, all settled populations of Griffon vulture
were not differentiated. This limited the risks of out-
breeding depression in founding stocks. It thus appears that
the creation of highly diversified release stocks does not
require elaborate sampling strategies for this species: all
founders can be sampled in one population or in several
populations depending on logistic constraints. In addition,
maximizing the number of founders would decrease the
impacts of post-reintroduction genetic drift on the genetic
diversity of the newly founded populations (Frankham
et al. 2002). The effectiveness of the random sampling
strategy has direct implications for the management of
other Griffon vulture reintroduction projects currently
performed in the Balkan region, but also for the manage-
ment of other formerly widespread and abundant species
experiencing recent demographic decline. Nevertheless,
the random choice of founders, although successful for the
Griffon vulture, may prove riskier for species with a more
critical conservation status, due to lower genetic diversity.
For example, Haig et al. (1990) demonstrated that the
random choice of founders performed worst to preserve the
genetic diversity of inbred captive populations of Guam
rails (Rallus owstoni). In such cases, an active genetic
management of captive populations is needed prior to the
creation of founding groups to prevent founder effects
(Earnhardt 1999). Besides, Montalvo and Ellstrand (2000)
have shown that, regardless of the sampling strategy, it
may be difficult to achieve restoration of the species evo-
Iutionary potential by gathering individuals from several
populations if genetics are ignored. The relative risks
associated with a given release strategy could be evaluated
in the pre-release phase of reintroduction via a combination
of genetic analyses and demo-genetic modeling (Robert
et al. 2004).

No loss of genetic diversity was observed in the Causses
population. The high genetic variability of founders could
explain the absence of founder effect in this successfully
reintroduced population. Immigration into the newly
founded population could also alleviate the potential neg-
ative effects associated with small population sizes and
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genetic drift following a reintroduction event (Allendorf
1983). Indeed, we estimated a high migration rate from
Spain into Causses. Immigration of Spanish individuals
into Causses is supported by the observations of unbanded
breeders suspected to be exogenous birds. In this case, our
results revealed asymmetrical gene flow between native
and reintroduced populations. The persistence of asym-
metrical migration rates could have consequences on local
adaptation (Kawecki and Holt 2002) and deleterious effects
on metapopulation viability (Bouchy et al. 2005). Thus,
future investigations on the causes of asymmetrical
migration between native and reintroduced populations
would be relevant to long-term management of the rein-
troduced population. However, the high migration esti-
mates could also be due indirectly to immigration of
individuals released in Navacelles that failed to settle in
their release area and settled in Causses. As most of indi-
viduals released in Navacelles came from Spanish rescue
centers, they could be considered Spanish migrants. Thus,
the reinforcement by a spatially close reintroduction failure
in Navacelles probably ensured the maintenance of the
genetic diversity of the Causses population. Despite high
genetic diversity in the founding stock of the Navacelles
program, the birds failed to settle and most of them were
attracted into Causses. The potential downside of dispersal
should be evaluated in regard to the spatial distribution of
release points. Our empirical study suggests that reintro-
duction programs in the Alps should benefit from immi-
gration, thanks to their geographical location between
Western and Eastern populations. This is supported by the
frequent observation of individuals from Croatia, Ossau,
Spain and Causses in newly settled reintroduced colonies
of the Alps. Using a simulation approach Robert et al.
(2003) showed that the genetic and demographic dynamics
of a restored metapopulation is in fact influenced by the
release design (e.g., one vs. several patches, isolated vs.
connected to other settled populations), influencing the
dispersal pattern between release sites. Overall, the
attraction of foreign birds seemed to be an important factor
for the success of Causses reintroduction. For animals that
are not limited by their dispersal abilities, habitat selection
behavior appears to condition the genetic success of the
reintroduction program. Indeed, a study on genetic struc-
ture and migration in native and reintroduced Gray wolf
(Canis lupus) populations in US (Forbes and Boyd 1997)
showed that genetic variation of reintroduced populations
could be retained if migration from native populations
occurs, which is likely if habitat is not impacted by human
activities. There is thus a need for a better understanding of
dispersal behavior and for a modeling of its conse-
quences on the viability of restored metapopulations, which
will help managers define reintroduction strategies. Spe-
cifically, translocations are likely to enhance or create

asymmetrical flux, whose consequences on long-term
viability of native and restored populations should be
monitored.

Acknowledgments This study results from collaborations with
numerous organizations in charge of the Griffon vulture monitoring
(PN Cévennes, PN Pyrénées, PR Vercors, LPO Grands Causses, LPO
PACA, Association ‘‘Vautours en Baronnies’’). We owe special
thanks to people who collected tissue samples. We are very grateful to
M. Bosé who provided some DNA extracts. We thank B. Martinez-
Cruz, A. Robert and E. Porcher for advice and J. Lambourdiére, C.
Bonillo for technical support. We thank R. Karess and M. Zavodna
for English rereading. French Ministries of research and of Ecology
and Sustainable Development provided founding.

References

Allendorf FW (1983) Isolation, gene flow, and genetic differentiation
among populations In: Schonewald-Cox CM, Chambers SM,
MacBryde B, Thomas L (eds) Genetics and conservation: a
reference for managing wild animal and plant populations.
Benjamin Cummings, Menlo Park, pp 51-65

Belkhir K, Borsa P, Chikhi L, Raufaste N, Bonhomme F (1996)
GENETIX, logiciel sous Windows™ pour la génétique des
populations. Laboratoire Génome, Populations, Interactions,
CNRS UMR 5000, Université de Montpellier II, Montpellier

Bernis F (1983) Migration of the common Griffon vulture in the
Western Palearctic. In: Wilbur SR, Jackson JA (eds) Vulture
biology and management. University of California press,
Berkeley, pp 185-196

Bosé M, Le Gouar P, Arthur C, Lambourdiere J, Choisy J-P,
Henriquet S, Lécuyer P, Richard M, Tessier C, Sarrazin F (in
press) Does sex matter in reintroduction of Griffon vultures
(Gyps fulvus)? Oryx

Bouchy P, Theodorou K, Couvet D (2005) Metapopulation viability:
influence of migration. Conserv Genet 6:75-85

Camina A (2004) Griffon vulture Gyps fulvus monitoring in Spain:
current research, conservation projects. In: Chancelor RD,
Meyburg BU (eds) Raptor worldwide. Proceedings of the 6th
world conference on birds of prey and owls. WGBP/MME,
Budapest, pp 45-66

Couvet D (2002) Deleterious effects of restricted gene flow in
fragmented populations. Conserv Biol 16:369-376

Del Moral JC, Marti R (2001) El buitre Leonado en la Peninsula
Ibérica, IIT Censo Nacional y I Censo Ibérico coordinado, 1999.
SEO/birdlife, Madrid

DeYoung RW, Demarais S, Honeycutt RL et al (2003) Genetic
consequences of white-tailed deer (Odocoileus virginianus)
restoration in Mississippi. Mol Ecol 12:3237-3525

Dieringer D, Schlétterer C (2003) Microsatellite analyzer (MSA)—a
platform independent analysis tool for large microsatellite data
sets. Mol Ecol Notes 3:167-169

Donazar JA (1993) Los Buitres Ibéricos. Biologia y conservacion.
Reyero JM (ed) Madrid

Earnhardt JM (1999) Reintroduction programmes: genetic trade-offs
for populations. Anim Conserv 2:279-286

Ellegren H (1994) Genomic DNA from museum bird feathers. In:
Hermann B, Hummel S (eds) Ancient DNA. Springer, New
York, pp 211-217

Falk DA, Holsinger KE (1991) Genetics and conservation of rare
plants. Oxford University Press, New York

Fernandez C, Azkona P, Dondzar JA (1998) Density-dependent
effects on productivity in the Griffon vulture Gyps fulvus: the
role of interference and habitat heterogeneity. Ibis 140:64—69

@ Springer



358

Conserv Genet (2008) 9:349-359

Ferriere R, Sarrazin F, Legendre S, Baron JP (1996) Matrix
population models applied to viability analysis and conservation:
theory and practice using the ULM software. Acta Oecol
17:629-656

Forbes SH, Boyd DK (1997) Genetic structure and migration in native
and reintroduced Rocky Mountain wolf populations. Conserv
Biol 11:1226-1234

Frankham R, Ballou JD, Briscoe DA (2002) Introduction to conser-
vation genetics. Cambridge University Press, Cambridge

Friar EA, Boose DL, LaDoux T, Roalson EH, Robichaux RH (2001)
Population structure in the endangered silversword, Argyroxiph-
ium kauense (Asteraceae), and its bearing on reintroduction. Mol
Ecol 10:1657-1663

Garrido JR, Camina A, Guinda M et al (2005) Absence of the
Eurasian griffon (Gyps fulvus) in northern Morocco. J Raptor
Res 39:70-74

Gautschi B, Tenzer I, Miiller JP, Schmid B (2000) Isolation and
characterization of microsatellite loci in the Bearded vulture
(Gypaetus barbatus) and cross-amplification in three Old World
vulture species. Mol Ecol 9:2155-2234

Gautschi B, Jacob G, Negro JJ et al (2003a) Analysis of relatedness
and determination of the source of founders in the captive
Bearded vulture, Gypaetus barbatus, population. Conserv Genet
4:479-490

Gautschi B, Miiller JP, Schmid B, Shykoff JA (2003b) Effective
number of breeders and maintenance of genetic diversity in the
captive Bearded vulture population. Heredity 91:9-16

Gerber S, Chabrier P, Kremer A (2003) FaMoz: a software for
parentage analysis using dominant, codominant and uniparen-
tally inherited markers. Mol Ecol Notes 3:479-481

Godoy JA, Negro JJ, Hiraldo F, Donazar JA (2004) Phylogeography,
genetic structure and diversity in the endangered Bearded vulture
(Gypaetus barbatus, L.) as revealed by mitochondrial DNA. Mol
Ecol 13:371-390

Goossens B, Funk SM, Vidal C et al (2002) Measuring genetic
diversity in translocation programmes: principles and application
to chimpanzee release project. Anim Conserv 5:225-236

Goudet J (1995) Fstat version 1.2: a computer program to calculate
F-statistics. ] Hered 86:485-486

Haig S, Ballou J, Derrickson S (1990) Management options for
preserving genetic diversity: reintroduction of Guam Rails to the
wild. Conserv Biol 4:290-300

Hedrick PW (1995) Gene flow and genetic restoration: the Florida
panther as a case study. Conserv Biol 9:996-1007

Hedrick P (2005) ‘Genetic restoration’: a more comprehensive
perspective than ‘genetic rescue’. Trends Ecol Evol 20:109

Kawecki TJ, Holt RD (2002) Evolutionary consequences of asym-
metric dispersal rates. Am Nat 160:333-347

Keller LF, Jeffery KJ, Arcese P et al (2001) Immigration and the
ephemerality of a natural population bottleneck: evidence from
molecular markers. Proc R Soc Lond B 268:1387-1394

Keyghobadi N, Roland J, Matter SF, Strobeck C (2005) Among- and
within-patch components of genetic diversity respond at differ-
ent rates to habitat fragmentation: an empirical demonstration.
Proc R Soc Lond B 272:553-560

Kretzmann MB, Capote N, Gautschi B et al (2003) Genetically
distinct island populations of the Egyptian vulture (Neophron
percnopterus). Conserv Genet 4:697-706

Latch E, Rhodes O (2005) The effects of gene flow and population
isolation on the genetic structure of reintroduced wild turkey
populations: are genetic signatures of source populations
retained? Conserv Genet 6:981-997

Lubow BC (1996) Optimal translocation strategies for enhancing
stochastic metapopulation viability. Ecol Appl 6:1268-1280

Madsen T, Shine R, Olsson M, Wittzell H (1999) Restoration of an
inbred adder population. Nature 402:34-35

@ Springer

Mantel N (1967) The detection of disease clustering and generalized
regression approach. Cancer Res 27:209-220

Martinez-Cruz B, Godoy JA, Negro JJ (2004) Population genetics
after fragmentation: the case of the endangered Spanish imperial
eagle (Aquila adalberti). Mol Ecol 13:2243-2255

Mendelssohn H, Leshem Y (1983) The status and conservation of
vultures in Israel. In: Wilbur SR, Jackson JA (eds) Vulture
biology and management. University of California press,
Berkeley, pp 86-98

Mira S, Billot C, Guillemaud T, Palma L, Cancela L (2002) Isolation
and characterization of polymorphic microsatellite markers in
Eurasian vulture Gyps fulvus. Mol Ecol Notes 2:557-558

Montalvo AM, Ellstrand NC (2000) Transplantation of the subshrub
Lotus scoparius: testing the home-site advantage hypothesis.
Conserv Biol 14:1034-1045

Nei M, Maruyama T, Chakraborty R (1975) The bottleneck effect and
genetic variability in populations. Evolution 29:1-10

Newman D, Tallmon DA (2001) Experimental evidence for beneficial
fitness effects of gene flow in recently isolated populations.
Conserv Biol 15:1054-1063

Prakash V, Pain DJ, Cunningham AA, Donald PF, Prakash N, Verma
A, Gargi R, Sivakumar S, Rahmani AR (2003) Catastrophic
collapse of Indian white-backed Gyps bengalensis and long-
billed Gyps indicus vulture populations. Biol Conserv 109:381—
390

Queller DC, Goodnight KF (1989) Estimating relatedness using
genetic markers. Evolution 43:258-275

Ralls K, Ballou J (2004) Genetic status and management of California
condors. Condor 106:215-228

Raymond M, Rousset F (1995) GENEPOP (version 1.2): population
genetic software for exact tests and ecumenicism. J Hered
86:248-249

Rice WR (1989) Analyzing tables of statistical tests. Evolution
43:223-225

Robert A, Couvet D, Sarrazin F (2003) The role of local adaptation in
metapopulation restorations. Anim Conserv 6:1-10

Robert A, Sarrazin F, Couvet D, Legendre S (2004) Releasing adults
versus young in reintroductions: interactions between demogra-
phy and genetics. Conserv Biol 18:1-10

Robichaux RH, Friar EA, Mount DW (1997) Molecular genetic
consequences of a population bottleneck associated with
reintroduction of the Mauna kea silversword [Argyroxiphium
sandwicense ssp sandwicense (Asteraceae)]. Conserv Biol
11:1140-1146

Rudnick JA, Katzner TE, Bragin EA, Rhodes E, Dewoody JA (2005)
Using naturally shed feathers for individual identification,
genetic parentage analyses, and population monitoring in an
endangered Eastern imperial eagle (Aquila heliaca) population
from Kazakhstan. Mol Ecol 14:2959-2967

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning: a
laboratory manual, 2nd edn. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor

Sarrazin F, Barbault R (1996) Reintroduction challenges and lessons
for basic ecology. Trends Ecol Evol 11:474-478

Sarrazin F, Bagnolini C, Pinna JL, Danchin E, Clobert J (1994) High
survival estimates in a reintroduced population of Griffon
vulture. Auk 111:853-862

Sarrazin F, Bagnolini C, Pinna JL, Danchin E (1996) Breeding
biology during establishment of a reintroduced Griffon vulture
(Gyps fulvus) population. Ibis 138:315-325

Slotta-Bachmayr L, Bogel R, Camina Cardenal A (2004) The
Eurasian Griffon vulture (Gyps fulvus fulvus) in Europe and
the Mediterranean. Status report and action plan. East European/
Mediterranean Griffon Vulture Working Group, Salzburg

Susic G (2000) Regular long-distance migration of Eurasian Griffon
Gyps fulvus. In: Chancellor RD, Meyburg BU (eds) Raptor at



Conserv Genet (2008) 9:349-359

359

risk. WWGBP, Hancock House Publishers, Surrey, BC, pp 225-
230

Taberlet P, Luikart G (1999) Non-invasive genetic sampling and
individual identification. Biol J Linn Soc 68:41-55

Tallmon DA, Draheim HM, Mills LS, Allendorf FW (2002) Insights
into recently fragmented vole populations from combined
genetic and demographic data. Mol Ecol 11:699-709

Terrasse M (1983) The status of vultures in France. In: Wilbur SR,
Jackson JA (eds) Vulture biology and management. University
of California press, Berkeley, pp 81-85

Vernesi C, Crestanello B, Pecchioli E et al (2003) The genetic impact
of demographic decline and reintroduction in the wild boar (Sus
scrofa): a microsatellite analysis. Mol Ecol 12:585-595

Waits LP, Luikart G, Taberlet P (2001) Estimating the probability of
identity among genotypes in natural populations: cautions and
guidelines. Mol Ecol 10:249-256

Weir BS, Cockerham CC (1984) Estimating F-statistics for the
analysis of population structure. Evolution 35:1358-1370

Wilson GA, Rannala B (2003) Bayesian inference of recent migration
rates using multilocus genotypes. Genetics 163:1177-1191

@ Springer



	Genetic variation in a network of natural and reintroduced populations of Griffon vulture (Gyps fulvus) in Europe
	Abstract
	Introduction
	Materials and methods
	Study areas
	Geographical and historical situation
	Sampling

	Molecular techniques
	Data analysis
	Assessment of fragmentation within the native group
	Assessment of the random sampling strategy of founders
	Assessment of founder effect in the settled reintroduced population
	Assessment of genetic connections between settled reintroduced and native populations


	Results
	Fragmentation of native populations
	Founder sampling strategy
	Founder effect in the settled reintroduced population
	Genetic connections between settled reintroduced and native populations

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


