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URBANIZATION GRADIENT AND GENETIC
VARIABILITY OF BIRDS — EXAMPLE
OF KESTRELS IN WARSAW

Robert Rutkowski, L.ukasz Rejt, Alicja Gryczynska-Siemiatkowska,
Patrycja Jagolkowska

Abstract. In this paper we hypothesised that Kestrels coming from centre of Warsaw should exhibit lower
level of genetic variability as compared to the group from suburbs, where more intensive gene flow from rural
population is still taking place and that decrease of genetic variability should appear gradually, in accordance
with “ecological” urbanization gradient — from the most diverse suburbs to the less diverse centre. In 2002 the
blood samples were collected from Kestrel nestlings at 20 nests localized in Warsaw, in central Poland. From
each nest two samples were randomly chosen for further analysis. Among three distinguished groups only slight
differences at the level of microsatellite polymorphisms were observed and paired t-tests showed that the differences
between groups were not significant. Kestrels from the centre of the city showed the highest mean number of
alleles per locus, effective number of alleles, allelic richness and heterozygosity.

Key words: Kestrel, Falco tinnunculus, genetic variability, synurbization, microsatellite polymorphisms.

Address: R. Rutkowski, Museum & Institute of Zoology, Polish Academy of Sciences, Wilcza 64, 00-679
Warsaw, Poland; e-mail: robertrut@miiz.waw.pl.

I'paaueHT ypoaHM3anuu M reHeTHYecKasi H3MeHYHBOCTh NITHII — MpUMep mycTeasrn B Bapmasge. - P.
PyrkoBckuii, JI. PeiiT, A. I'pprunnbckas-CemsaaTkoBekas, I1. Sroaxosckas. - Bepkyr. 14 (1). 2005. -
IIpeanonaraercs, 4To FeHETHYECKast K3MEHYMBOCTb ITyCTENIBIM U3 LIEHTpa Bapiiasbl 070kHA OBITH MEHBIIIE, YeM
y NITHUIL U3 TIPUTOPOJIOB, MMEIOIIUX OOJIBIIHI IIPUTOK TEHOB OT MOITYJISIIHIl U3 OKPECTHBIX HACEIICHHBIX ITyHKTOB.
Kpome Toro, CHIKEHHE N3MEHYMBOCTH MOXET IPOSIBISATHCS MOCTENICHHO B COOTBETCTBUHU C TPAJJUCHTOM ypoa-
HH3aLUU — OT OoJiee Pa3HOOOPA3HBIX B 3KOJIOIMYECKOM ILIAHE MPEIMECTHIl 10 MeHee pa3HOOOPa3HOro IEHTpa
ropoza. Jli1st mpoBepku 910i runotessl B 2002 1. ObIIM B3ThI 00pa3ibl KPOBH Y NTEHLOB MycTeabrn n3 20 THe3
B Bapmase (Llenrpanbhas [Tonbiua). M3 kaxkaoro ruesja ciaydaiiHpIM 00pa3oM OTOMpPAIUCH JBE MPOOBI st
JanbHeiero anamusa. Cpeiu Tpex pasinyHbIX Py 00HAPYKEHbI TOJIBKO HE3HAYUTEIIbHBIC PA3JIMYHs B yPOB-
HE MHUKPOCATEJINTHOTO TONIUMOp(U3Ma, t-KpUTEPHil OKa3aJl, YTO OHM CTATUCTUYECKH HEJOCTOBEPHBI. Y ITyc-
TeJIBI U3 LIGHTPA ropojia 00HapyKEeHO OOJIbIIee KOMUYECTBO ajljIelieit Ha JIOKYC, 3 ()EKTUBHOE KOJIMYECTBO ajlie-
JIeii, BBIIIE aJIeIbHOE OOraTCTBO M CTENCHb IeTEPO3UIOTHOCTH.

INTRODUCTION with populations inhabiting rural and natural

sites. The differences include more sedentary

For at least two centuries urbanized areas
have extended more and more, creating new
habitats for animal communities, in most cases
destroying natural environment and decreas-
ing heterogeneity of animal word existing there
(Luniak, 2004). However, occurrence of wild
animals in urban and suburban habitats has
been recorded all over the world and a wide
range of species has adapted to this man-made
environment (e.g. Bird et al., 1996). This pro-
cess, called synurbization, is connected with
some substantial changes in biology of spe-
cies. Synurbic populations, both mammals and
birds, have been known to be either ecologi-
cally or ethologically different in comparison

style of life, decreasing proportion of breed-
ing specimens, high re-occupation rate, higher
longevity and lowered pressure of natural se-
lection (Andrzejewski et al., 1978; Luniak,
2004). Moreover, it was obvious that urban
populations of mammals show lower level of
genetic variability and clearly expressed popu-
lation structure (Wandeler et al., 2003), due to
founder effect and/or isolation from rural popu-
lations.

In Central Europe the most synurbic diur-
nal raptors among birds are Kestrels (Falco
tinnunculus) (Cramp, 1980). Being synurbized
for over 150 years, European Kestrels have
shown several features characteristic for
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synurbic species (e.g. Salvati etal., 1999; Rejt,
2001). In Warsaw, Kestrels have been observed
from 1970s and nowadays population size in
the city is estimated at ca. 70 breeding pairs
(Rejt, 2001). Studies carried out in Warsaw
showed some ecological and ethological dif-
ferences between birds breeding in the city
centre and suburbs: at least part of the War-
saw population is tended to be resident, the
proportion of nest site reoccupation in the city
is about 90 % (it suggests occupation of the
nest by the same or related specimens), birds
ringed as nestling were observed breeding in
the city in subsequent years (Rejt, 2001;
unpubl. data). It was also found that Kestrels
from the city centre tended to started breeding
earlier than in the suburbs. We could say that
breeding isolation can occur among birds from
the centre of Warsaw and birds breeding in
outskirts. Moreover, newly founded popula-
tions normally consist of few individuals. It
was shown that limited number of alleles car-
ried by pioneer individuals, and genetic drift
due to small population size, contribute to
losses of genetic variation in newly founded
populations (Falconer, 1981; Slatkin, 1987).
Therefore, we hypothesise that Kestrels from
the centre of Warsaw should exhibit lower level
of genetic variability as compared to group of
the birds from suburbs, where more intensive
gene flow from rural population is still taking
place. In the preliminary study we failed to
show differences in genetic variability among
Kestrels inhabiting centre of Warsaw and out-
skirts of the city (Rejt et al., 2004). However,
it should be noted, that the study was based on
the small number of genetic markers and poly-
acrylamide gels genotyping. Hence, we de-
cided to repeat the analysis, employing more
of individuals from different parts of Warsaw,
more of microsatellite markers and more ad-
vanced technique of genotyping, using auto-
matic sequencer. In this paper we also
hypothesise that decrease of genetic variabil-
ity should appear gradually, in accordance with
“ecological” urbanization gradient — from the
most diverse suburbs to the less diverse cen-
tre.

Map of the study site in city of Warsaw.
Pacronoskenue ygacTkoB oTO0pa mpoo.
1 — Suburb Group (n = 12), 2 — Center Group
(n =20), 3 — Mid-Center Group (n = 8).

MATERIAL AND METHODS

Blood collection

In 2002 the blood samples were collected
from Kestrel nestlings at 20 nests localized in
Warsaw, in central Poland (21° E, 5°23" N).
From each nest two samples were randomly
chosen for further analysis. Blood samples
were collected and stored on FTA cards (What-
man BioScience). To avoid loses among chicks
(both resulting from blood losses and escap-
ing from nests) all manipulations were done
between 10" and 15" day of their lives (ac-
cording to KE decision No 157/2002). Nests
were subdivided into three groups (Fig.), ac-
cording to the urbanization gradient (see
Goszcezynski et al., 1993): Centre Group, that
is an area in the radius of five kilometres from
the geographical centre-point of the city (20
samples, 10 nests); Mid-Centre Group, that is
an area in the radius from five to ten kilometres
from the geographical centre-point of the city
(8 samples, 4 nests) and Suburb Group, that is
an area in the radius over ten kilometres from
the geographical centre-point of the city (12
samples, 6 nests). It should be noted, that two
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Number of alleles in locus and size range of
identified microsatellite markers in Kestrels
from Warsaw area (n = 40)

Yucio amienel B IOKyce U pa3Mep uanaso-
Ha WACHTU(QHUINPOBAHHBIX MUKPOCATEIIINT-
HBIX MapKepOB y MyCTeNbI U3 BaprmaBet

Table 1

Locus No. of alleles  Size range (bp)
NVH{p79-4 9 124-148
NVH{p89 3 115-117
NVHi{p13 5 90-98
NVHfp31 5 127-137
NVH{pS5 8 101-115

first areas are characterized by similar type of
very dense land development, when the third
one is significantly less built-up, with numer-
ous open spaces and it is more similar to natu-
ral environment inhibited by Kestrels.

DNA Isolation and Amplification
of Microsatellite Markers

DNA from blood stored on FTA cards was
extracted according to manufacturer protocol.
Following isolation process, a little piece of
FTA card (c.a. 2 mm in diameter) containing
DNA was placed into a tube with 25ul of PCR
reaction-mix, containing 12,5ul of Red Taq
Ready Mix (Sigma), 10 pmol of each primer
and 10pl of water. Forward primers were
fluorescently labelled on their 5” ends with Fam
6 or HEX. PCR conditions were as follows: 3
min. in 94°C; 35 cycles: 1 min. in 94°C; 1 min.
in 55°C, 1 min. in 72°C; 5 min. in 72°C. Five
microsatellite markers described by Nesje et
al. (2000) were amplified: NVH{p79-4;
NVHfp13, NVHp31, NVHp5 and NVH{p8&9.
The length of amplified fragments was esti-
mated using ABI Prism 3700 automated se-
quencer. Data were analyzed using GENE-
SCAN 3.1.2 (PE Biosystems).

Statistical Analysis
For each population, relative level of ge-
netic variation were assessed using microsa-

tellite alleles frequency data. GenalEx version
5.04 (Peakall, Smouse, 2001) was used to es-
timate mean number of alleles per locus (A)
in each population, effective number of alle-
les (N_,) and mean number of private (unique)
alleles per locus (P,). Effective number of al-
leles enables more significant comparison of
allelic diversity to be made across loci with
diverse allele frequency distribution (Frank-
ham et al., 2002). Using FSTAT version 2.9.3
(Goudet, 2001) allelic richness (R) (Petit et
al., 1998), observed heterozygosity (H,) and
unbiased expected heterozygosity (H,) (Nei,
Roychoudhury, 1974) were evaluated. Allelic
richness is a measure of the number of alleles
independent of the sample size, and hence it
allows to compare this quantity among samples
of different sizes (Segelbacher, Storch, 2002).
Significance of differences between H, and H,
was tested using Markov chain method imple-
mented in GENEPOP (Raymond and Rousset,
1995) with 1000 randomization.

Differences between groups in mean val-
ues of A, N, R, H, and H_ were tested with
paired t-test using SYSTAT 11.

RESULTS

The individual genotypes at 5 microsatel-
lite loci were determined for 40 Kestrels nest-
lings from Warsaw area. All analyzed loci were
polymorphic. The most polymorphic loci were
NVH{p79—4 with nine alleles. The smallest
number of alleles was found in locus NVH{p89
(3 alleles) (Table 1).

Among three distinguished groups only
slight differences in the level of microsatellite
polymorphisms were observed and paired t-
tests showed that the differences between
groups were not significant (Table 2). The
highest values of all indicators of genetic vari-
ability were observed in Center Group. Kest-
rels from the center of the city showed the high-
est mean number of alleles per locus, effec-
tive number of alleles, allelic richness and het-
erozygosity. Although, mean number of pri-
vate alleles per locus was the highest in Sub-
urbs Group. The lowest mean number of alle-
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les and the lowest het-
erozygosity were ob-
served in Mid-Center
group. However, ap-
plying variability of
measurements, which
took into account dif-
ferences in sample size
between investigated
populations (allelic
richness) and differ-

polymorphisms

Table 2

Genetic variation in analyzed groups, based on microsatellite

Ienernueckas Bapraluys B aHAIU3UPYSMBIX TPYIIIaX HA OCHOBE
MHKPOCATEIUTUTHOTO OJIMMOopdu3ma

N — number of birds analyzed, A — mean number of alleles, N . —
effective number of alleles, R — allelic richness, Ho — heterozygosity
observed, He — heterozygosity expected, HWE — departure from
Hardy—Weinberg equilibrium, Pa — mean number of private alleles.

ences in patterns of al- ~ Group N A N, R Ho He HWE Pa
Lelzof;egﬁf:rfy iitl“' Mid-Center 8 4 292 4 05 058 ns 0.0
zd o (effectiyé Center 20 5 335 424 062 067 ns  0.60
z V€ Suburbs 12 44 283 392 058 061 ns 080

number of alleles),

showed higher values

in this group than in Suburbs. In all groups
heterozygote deficiency was observed, how-
ever differences between H and H, weren’t
statistically significant.

DISCUSSION

Genetic variability plays an important role
either in functioning of natural population and
in evolution of animal and plant species. It is
well known, that only by presenting genetic
variation a given species is able to respond to
environmental pressure, to evolve and to sur-
vive in the long run. There is a number of fac-
tors reducing genetic variability of natural
populations: habitat fragmentation, isolation
and random changes connected with small
population size (Frankham et al., 2002).
Though data are scarce, we supposed that at
least some of these factors could appear in
populations inhabiting urban environment. For
example, due to isolation from conspecifics in
natural environment, either because of spatial
isolation and breeding isolation created by ris-
ing ecological and ethological changes, urban
populations could be vulnerable to random fac-
tors decreasing genetic variability. Moreover,
populations inhibiting urban environment are
generally newly founded, thus created by lim-
ited pull of individuals (Hansson et al., 2000),
therefore “founder’s effect” should be ob-

served. Indeed, both of these processes are
probably responsible for lower genetic vari-
ability among urban foxes in comparison with
rural conspecifics (Wandeler et al., 2003).
Similar reduced level of genetic variation was
also found among urban plant populations
(Hollingsworth, Dickson, 1997).

Kestrels inhabiting Warsaw do not make
isolated subpopulations and occupy area in
continue manner. Their nests are in the center
of the city (an area with typical urbanized land-
scape management), as well as in suburban
areas (full of low building and open spaces).
Previous studies indicated that birds from sub-
urbs are ecologically and behaviorally more
similar to wild populations than Kestrels from
central regions of the city. Moreover, prelimi-
nary genetic studies (Rejt et al., 2004) indi-
cated significant genetic differentiation be-
tween birds inhabiting center of the city and
those from outskirts and suggested higher
population admixture and migration rates in
suburbs of Warsaw. On the contrary this study
did not confirm either differences in genetic
variability among investigated groups of
Kestrels or gradual decrease of genetic vari-
ability from suburbs toward the centre. Both
allelic diversity and heterozygosity were simi-
lar within all studied areas. This fact could in-
dicate that synurbization process, despite ob-
served changes in ecology, didn’t affect genetic
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variability of birds. It is possible that ability to
flying does not reduce intensive gene flow,
which, in turn, prevents from decrease of ge-
netic variability. However, this hypothesis is
in strong opposition to observed biology of
synurbic Kestrels. They are ecologically and
ethologically different from birds inhabiting
natural environments, what was confirmed by
several authors (e.g. Salvati et al., 1999). It is
very questionable that the species present such
plasticity and that such changes turn up so fast
that isolation and founder effect could be ne-
glected. Moreover, reproductive isolation be-
tween populations may evolve rapidly due to
divergent selection regimes and adaptation
(Thompson, 1998). There are also some indi-
cations that gene flow from natural environ-
ment is less intensive in the case of the bird
from the central parts of the city than from the
suburbs. In this study it was shown that pri-
vate (unique) alleles are more frequent in Sub-
urb Group than in areas situated deeper in the
city. In the Mid-Centre Group private alleles
were not found at all, but this group is repre-
sented only by eight individuals being stud-
ied. Of course, to confirm this observation
more detailed studies are needed, employing
more individuals and, what is the most impor-
tant, more samples from natural areas, prefer-
entially surrounding Warsaw. It would enable
investigation of migration events and sources
of migrants as well as it would confirm or ne-
gate existence of genetic structure within
analysed population of Kestrels. However,
identification of relatively high number of
unique alleles for Suburb-Group, despite a
small number of individuals analysed, suggests
higher population admixture.

If gene flow between natural environment
and the centre of Warsaw is really reduced,
why did we fail to detect any significant dif-
ferences in genetic variability among groups
under study? To measure genetic variability
we relied on polymorphisms of microsatellite
markers. Though intensively used in such stud-
ies (Girman et al., 2001; Lee et al., 2001;
Roeder et al., 2001), reliability of microsa-
tellites in estimation of genetic variability is

hotly debated (Schldtterer, Wiehe, 1999;
Duarte et al., 2003; Moss et al., 2003). Varia-
tion at microsatellite loci seems to be weakly
connected with phenotypic variation (Coltman,
Slate, 2003) and may or may not fully reflect
adaptive genetic variation in natural popula-
tions (Moss et al., 2003). However many re-
cent studies have shown their correlation with
key components of individual fitness (Coltman
etal., 1999; Coulson et al., 1999; Amos et al.,
2001). Moreover, extreme decrease of allelic
diversity of microsatellite alleles and the level
of heterozygosity in microsatellite loci was
observed in populations, which experienced
the “bottleneck effect”, sever geographical iso-
lation or fragmentation, thus in populations
with reduced genetic variability (Rossiter et
al., 2000; Whitehouse, Harley, 2001; Martinez-
Cruz et al., 2004). Thus, our results seems to
be weakly biased due to choice of the genetic
marker.

Lack of differences in a level of genetic
variability among investigated groups of
Kestrels can be explained by two, corelated
mechanisms. Kestrels are observed in several
cities throughout Europe (Village, 1990). The
species seems to express peculiar “willingness”
to inhibit cities and easily adapt to this kind of
environment. Kestrels are also very frequent
in rural areas (e.g. Cramp, 1980), thus mul-
tiple founder events or even multiple rural to
urban migration cannot be excluded. Thus, in
the case of our study, lack of differences in
genetic variability might be caused by large
genetic pool of founding population in the cen-
tre of Warsaw. The factor of time is also es-
sential. Kestrels started inhabiting Warsaw in
1970s. Even if isolation of centre population
really exist, it is possible that period of 30 years
is to short to observe any decrease in a
microsatellite polymorphisms level, especially
if multiple founding events took place, as we
hypothesised above. Moreover, behavioural
and ecological observations indicate that War-
saw Kestrels are in the mid-point of synurbi-
zation process — they present some features
characteristic for population of the species in-
hibiting cities for the long time, while others
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remain typical for rural populations (Rejt,
2001). Therefore, comparison between genetic
variability of Warsaw birds with Kestrels from
other cities with “older” synurbic populations
would be extremely interesting and would en-
able to test this hypothesis. On the other hand,
some studies indicated that with the passage
of time genetic variation had increased in re-
cently founded populations (Hansson et al.,
2000). The authors analysed microsatellite
polymorphisms of great reed warblers (4croce-
phalus arundinaceus) populations founded in
1978 and connected general increase of ge-
netic variation with increased gene flow among
other populations. Hence, it is possible, that
the same process took place in the case of Kest-
rels from Warsaw. Therefore, we can also con-
clude, that period of 30 years is long enough
to reduce differences in a level of genetic vari-
ability among distinguished groups.

We documented genetic variability of Kest-
rels’ population inhibited Warsaw. Our results
are out of accordance with the concept of
gradual decrease of genetic variability from
the outskirts of the city towards the central area.
Despite observed ecological and ethological
changes, suggesting breeding isolation of a
group inhibiting centre of Warsaw, reduction
in allelic diversity and heterozygosity was not
affirmed. Uncovering factors, which are re-
sponsible for securing genetic pool during
synurbization process demand further studies,
including population from the rural areas and
the kestrels from other cities, being on differ-
ent stages of synurbization.

REFERENCES

Amos W., Wilmer J.W., Fullard K., Burg T.M., Croxall
J.P., Bloch D., Coulson T. (2001): The influence of
parental relatedness on reproductive success. - Proc.
R. Soc. Lond. B Biol. Sci. 268: 2021-2027.

Andrzejewski R., Babinska-Werka J., Gliwicz J., Gosz-
czynski J. (1978): Synurbization processes in an ur-
ban population of Apodemus agrarius. 1. Characte-
ristics of population in urbanization gradient. - Acta
Theriol. 23: 341-358.

Bird D.M., Varland D., Negro J.J. (1996): Raptors in hu-
man landscapes. Academic Press.

Coltman D., Pilkington J., Smith J., Pemberton J. (1999):
Parasite-mediated selection against inbred Soay

sheep in free-living island population. - Evolution.
53: 1259-1267.

Coltman D. W, Slate J. (2003): Microsatellite measures
of inbreeding: a meta-analysis. - Evolution. 57: 971-
983.

Coulson T., Albon S., Slate J., Pemberton J. (1999):
Microsatellite loci reveal sex-dependent responses
to inbreeding and outbreeding in red deer calves. -
Evolution. 53: 1951-1960.

Cramp S. (ed.) (1985): The birds of Western Palearctic.
Vol. 4. Oxford: Oxford University Press.

Duarte L.C, Bouteiller C., Fontanillas I.P., Petit E., Perrin
N. (2003): Inbreeding in the greater white-toothed
shrew, Crocidura russula. - Evolution. 57: 638-645.

Falconer D.S. (1981): Introduction to quantitative ge-
netics. London: Longman.

Frankham R., Ballou J.D., Briscoe D.A. (2002): Intro-
duction to Conservation Genetics. Cambridge: Cam-
bridge University Press.

Gehlbach F.R. (1996): Eastern Screech Owls in suburbia:
a model of raptor urbanization. - Raptors in human
landscapes. Academic Press. 69-76.

Girman D.J., Vila C., Geffen E., Creel S., Mills M.G. L.,
McNutt J.W., Ginsberg J., Kat P.W., Mamiya K.H.,
Wayne R.K. (2001): Patterns of population subdi-
vision, gene flow and genetic variability in the Afti-
can wild dog (Lycaon pictus). - Molecular Ecology.
10: 1703-1723.

Gliwicz J., Goszezynski J., Luniak M. (1994): Characte-
ristic features of animal populations under synurbi-
zation — the case of the Blackbird and of the Striped
Field Mouse. - Memorabilia Zool. 49: 237-244.

Goszcezynski J., Jablonski P., Lesinski G. (1993): Variation
in diet of Tawny Owl Stix aluco L. along urbanization
gradient. - Acta Ornithol. 27: 113-124.

Goudet J. (2001): FSTAT V2.9.3, a program to estimate
and test gene diversities and fixation indices. - http:
//'www.unil.ch/izea/softwares/fstat.html.

Hansson B., Bensch S., Hasselquist D., Lillandt B.G.,
Wennerberg L., von Schantz T. (2000): Increase of
genetic variation over time in a recently founded po-
pulation of great reed warblers (Acrocephalus arun-
dinaceus) revealed by microsatellites and DNA fin-
gerprinting. - Molecular Ecology. 9: 1529-1538.

Hollingsworth P.M., Dickson J.H. (1997): Genetic va-
riation in rural and urban populations of Epipactis
helleborine (L.) Crantz. (Orchidaceae) in Britain. -
Bot. J. of Linnean Society. 123: 321-331.

Lee P.L.M., Bradbury R.B., Wilson J.D., Flanagan N.S.,
Richardson L., Perkins A.J., Krebs J.R. (2001):
Microsatellite variation in the yellowhammer Embe-
riza citrinella: population structure of declining farm-
land bird. - Molecular Ecology. 10: 1633-1644.

Luniak M. (2004): Synurbization — adaptation of animal
wildlife to urban development. - Proc. 4™ Intern.
Symp. Urban Wildl. Conserv. Univ. Arizona. Tucson.
50-55.

Luniak M., Kalbarczyk W., Pawtowski W. (1964): [Birds
of Warsaw]. - Acta Ornithol. 8: 198-199. (in Polish).



R. Rutkowski et al.

BepkyT 14.

136 &

Moss R., Piertney S.B., Palmer S.C.F. (2003): The use
and abuse of microsatellite DNA markers in conser-
vation biology. - Wildlife Biology. 9: 243-250.

Nei M., Roychoudhury A K. (1974): Sampling variances
of heterozygosity and genetic distance. - Genetics.
76: 379-390

Nesje M., Roed K.H., Lifjeld J.T., Lindberg P., Steen O.F.
(2000): Genetic relationships in the peregrine falcon
(Falco peregrinus) abnalysed by microsatellite DNA
markers. - Molecular Ecology. 9: 53-60.

Packal R., Smouse P.E. (2001): GenAIEx V5: Genetic
Analysis in Excel. - Population genetic software for
teaching and research. http://www.anu.ed.au/BoZo/
GenAIEX/.

Petit R.J., el Mousadik A., Pons O. (1998): Identifying
populations for conservation on the basis of genetic
markers. - Conservation Biology. 12: 844-855.

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

Rejt L. (2001): Peregrine Falcon and Kestrel in urban
environment — the case of Warsaw. - Naturschutz und
Verhalten. UFZ-Bericht. 2: 81-85.

Rejt L., Rutkowski R., Gryczynska-Siemiatkowska A.
(2004): Genetic variability of urban Kestrels in War-
saw — preliminary data. - Zool. Pol. 49: 199-209.

Roeder A.D., Marshall R.K., Mitchelson A.J., Visagathi-
lagar T., Ritchie P.A., Love D.R., Pakai T.J., McPart-
lan H.C., Murray N.D., Robinson N.A., Kerry K.R.,
Lambert D.M. (2001): Gene flow on the ice: genetic
differentiation among Adeélie penguin colonies
around Antarctica. - Molecular Ecology. 10: 1645-
1656.

Rossiter S.J., Jones G., Ransome R.D., Barratt E.M.
(2000): Genetic variation and population structure
in the endangered greater horseshoe bat Rhinolophus
ferrumequinum. - Molecular Ecology. 9: 1131-1135.

Salvati L., Manganaro A., Fattorini S., Piatella E. (1999):
Population features of Kestrels Falco tinnunculus in
urban, suburban and rural areas in Central Italy. -
Acta Ornithol. 34: 53-58.

Schlotterer C., Wiehe T. (1999): Microsatellites, a neutral
marker to infer sweeps. - Microsatellites: Evolution
and Application. Oxford: Oxford University Press.
238-247.

Segelbacher G., Storch I. (2002): Capercaillie in the Alps:
genetic evidence of metapopulation structure and po-
pulation decline. - Molecular Ecology. 11: 1669-
1677.

Slatkin M. (1987): Gen flow and the geographic structure
of natural populations. - Science. 236: 787-792.
Thompson J.N. (1998): Rapid evolution as an ecological
process. - Trends in Ecology and Evolution. 13: 329-

332.

Village A. (1990): The Kestrel. T. & A.D. Poyser.

Wandeler P., Funk M., Largiader R., Gloor S., Breiten-
moser U. (2003): The city-fox phenomenon: genetic
consequences of a recent colonization of urban ha-
bitat. - Molecular Ecology. 12: 647-656.

Whitehouse A.M., Harley E.H. (2001): Post-bottleneck
genetic diversity of elephant populations in South
Africa, revealed using microsatellite analysis. - Mo-
lecular Ecology. 10: 2139-2149.

Buiiwau 3 dpyky:

o [Ilenae-Coconxo FO.P., /lyokin O.B., Kop-
arcnee MM., Axcvom O.C. (2005): Hayio-
HANbHA eKOoN02IUHA Mepedcd AK CKIA008a
yacmuna Ilan-esponeiicbkoi ekonociynoi
mepednci. Kuis: YTOII 1-64.

® Bacunvuenxo A.A. IImuyvr Kemeposckoii
obnacmu. Kemeposo, 2004. 488 c.

e Kpacnas xkuuea Pecnyonruxu bawkopmo-
cman. T. 3. Kueomnvie. Ypa: Bawxop-
mocmamn, 2004. 180 c.

e Birds in Europe: population estimates,
trends and conservation status. Cambridge,
UK: BirdLife International, 2004. BirdLife
Conservation Series No 12. 374 p.

Hoee nepioduune euoanus:

3 2005 p. moyaB BUXOAUTH OIOJIETEHB
“IlepHaTple XUIIHUKU U UX oxpana”. 3a-
CHOBHUKH — “CHOMPCKHI DKOTOTUYECKUI
neHntp” (M. HoBocubipebk) 1 “LlenTp mosne-
BBIX nccnenoBanuii” (M. HrokHiit HoBropon).
Penaxropu E.I'. Hikonenko ta I.B. Kapskin.
JpyKylOoThCSl HOBHHH 1 HAYKOBi poOOTH 1O
BHBYCHHIO T2 OXOPOH1 COKOJIOIOIIOHUX 1 COB
Cximnoi €Bpomu i [TiBHiuHOT A3ii. PoGoui
MOBH — POCIliCbKa ¥ aHmTiickka. Matepianu
JI0 JPYKYy MPUHAMAIOTBCSI B €IIEKTPOHHOMY
BV Ha e-mail pemakiii. JleransHi mpaBu-
J11a 7151 aBTOpiB: http://ecoclub.nsu.ru/raptors/
RC/guidelines_rus.shtm.

Anpeca penakiii:

630090, Poccusi, . HoBocuoupcek, a/s 547.
E-mail: ikar_research@mail.ru,
rc_news@mail.ru.
Enexrponna Bepcis online:

N http://ecoclub.nsu.ru/raptors/RC/ )




