
Abstract Because of the extreme ecological and

environmental changes along an urban–rural gradient,

it has been proposed that urbanised and non-urbanised

populations of the same species may be distinctly iso-

lated. There is evidence that urban populations have

become significantly different from the original forest

populations in several aspects. However, little is known

about the extent to which urban and non-urban pop-

ulations are genetically isolated from each other. We

tested the hypothesis of genetic differentiation by

comparing the genomic DNA of an urban and a nearby

forest-living European blackbird (Turdus merula)

population. The present results suggest that, based on

amplified fragment length polymorphism analysis, the

urban population studied is very similar to a forest

population at neutral genetic markers. Thus, despite

indications of obvious functional genetic adaptation,

the hypothesis of an overall genetic differentiation

between our urban and forest populations could not be

supported.
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Introduction

Humans have been changing the environments of

organisms for millennia (Vitousek et al. 1997). A

conspicuous human-induced activity is the urbanisation

of the natural landscape. The development and

continual expansion of urban areas have not only

destroyed natural habitats, but have also drastically

changed the environmental and ecological conditions

of these regions. As a consequence, many species have

left and others have settled in this novel habitat

(Sukopp 1998).

At present, one of the most common bird species in

central European towns is the partially migratory

European blackbird (Turdus merula). As little as 200

years ago the blackbird was a reclusive and timid forest

bird. Since the early nineteenth century, the species

started to expand out of the European woodlands and

to colonise the new and increasing urban habitats of

western, central and southern European cities, and its

urban populations continue to expand (Luniak et al.

1990). In response to the urban environment, these

populations show traits that are significantly different

from those of the original forest populations in several

aspects: urban blackbird populations have a higher

breeding density, an extended breeding season, a

longer daily activity time, a tendency towards greater

longevity, a higher incidence of albinism and,

unequivocally, they are tamer than forest individuals

(Erz 1964; Batten 1974; Wüst 1986; Luniak and
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Mulsow 1988; Klausnitzer 1989). Furthermore, it has

been repeatedly suggested that urban blackbirds have

reduced their tendency to migrate compared to

woodland blackbirds (Luniak et al. 1990). Whereas

these phenotypic differences have been well docu-

mented, nothing is known about the possibility of

genetic differentiation between these two populations

(Tomialojc 1985; Wüst 1986; Luniak and Mulsow 1988;

Luniak et al. 1990).

The extent to which urban and woodland popula-

tions of one and the same species are distinctly isolated

from each other depends on the population structure,

the degree of migratory behaviour, and the size and

structure of the urban area (Tomialojc 1985). Since

birds are highly mobile, it is clear that urban popula-

tions have to be reasonably well isolated from forest

populations in order for genetic changes to become

fixed (Johnston 2001). However, if environmental

conditions are drastically different within short dis-

tances, as is more likely in large cities than in the

adjacent rural areas, strong selection may act on the

phenotype and thus make local adaptation probable.

In European blackbirds, it has been proposed that,

in large cities, genetic isolation might to some degree

be achieved as a result of both geographic isolation and

assortative mating of urban sedentary blackbirds

(Batten 1973; Tomialojc 1985). Furthermore, the shy-

ness of the woodland blackbirds may prevent them

from settling in urban habitats (Luniak et al. 1990).

Thus, rapid microevolution seems to be quite possible

in birds that have invaded urban areas (Johnston and

Selander 1971), and genetic isolation between urban

and still existing wild populations may be the conse-

quence (Johnston 2001). Indications for genetic

differences come from a common garden experiment

in which hand-reared urban and forest European

blackbirds were kept under identical conditions over a

2-year period (Partecke et al. 2004). The urban indi-

viduals had a different temporal organisation of the

gonadal cycles and displayed a reduced migratory dis-

position compared to their forest conspecifics. Fur-

thermore, there are indications that reaction norms of

moult timing relative to photoperiod differ between

urban and forest blackbirds (Partecke 2003). In the

present study, we tested the hypothesis of genetic

differentiation between an urban and a nearby forest-

living European blackbird population using the

amplified fragment length polymorphism analysis

(AFLP). Here, we show that our urban population is

very similar to the forest population at randomly

selected genetic markers, suggesting that little or no

genetic isolation has occurred between the two

populations.

Methods

During April 2000, we caught 15 adult urban male

European blackbirds in an old cemetery in the centre

of Munich (urban area = 310 km2; 48�07¢N, 11�34¢E;

518 m asl; southern Germany) and 14 adult male

European blackbirds in a large forest area (Lich-

tenauer Forest; 616 m asl) between Raisting (47�53¢N,

11�04¢E; 553 m asl) and Wessobrunn (47�52¢N,

11�01¢E; 701 m asl), where we had previously collected

field data (Partecke et al. 2005). During this time of

year European blackbirds are reproductively active in

southern Germany (Stephan 1999). Thus, we assumed

that the samples we collected came from local indi-

viduals and not from migratory individuals which may

use the habitat as a stopover site in February and

March. At capture, blood samples were obtained from

a brachial wing vein and blood (about 200 ll) was

collected in microcapillary tubes. Samples were stored

in ethanol and maintained in a refrigerator at 4�C until

analysed.

We chose the AFLP because this method is a fast

and reliable way to generate profiles from multiple

independent nuclear loci (Bensch and Åkesson 2005).

Genomic DNA was isolated from blood stored in

ethanol, using a standard phenol/chloroform extraction

protocol. We used the original AFLP protocol (Vos

et al. 1995) with only minor modifications (Bensch

et al. 2002b). In short, genomic DNA was digested with

the endonucleases EcoRI and TruI (an isoschizomer of

MseI), followed by a pre-amplification step before the

selective amplification with the primer combinations

ETGA·MCGT and ETCG·MCAT. The fragments were

separated in 6% polyacrylamide gels and detected by

fluorescein-labelled E-primers in a Vistra FluorImager.

Population structure (Fst) was calculated with the

program ARLEQUIN (version 2.0; Schneider et al.

2000). We also estimated hb, an analogue to Fst, using a

Bayesian model in the program HICKORY (version

0.8; Holsinger et al. 2002). We used the ‘‘f-free’’ model

option with the default parameter settings provided in

the program (burnin = 50,000, sample = 250,000,

thin = 50).

Results

All unambiguous bands (n = 42) were scored for

presence and absence among the 29 analysed individ-

ual blackbirds. We found 19 bands to be present in all

individuals. The level of genetic diversity (p), derived

from the AFLP data following the equation by

Borowsky (2001), did not differ between urban
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(0.58%) and forest (0.61%) populations (P > 0.1).

Using the program ARLEQUIN (Excoffier et al.

1992), we did not find genetic differentiation between

the urban and the forest populations (Fst = 0.019,

P > 0.1). The program HICKORY (Holsinger et al.

2002) gave a somewhat higher estimate of population

structure (hb = 0.055) with a 95% confidence limit

excluding hb = 0 (0.003–0.149).

Discussion

Our data suggest that the urban blackbird population

we studied is similar to the forest population at ran-

domly selected genetic markers. Nevertheless, com-

mon garden experiments, in which we kept hand-

reared urban and forest blackbirds from our two study

sites under identical conditions, have revealed that

several phenotypic differences between these urban

and forest populations may partly be the result of a

genetic difference (Partecke 2003). For example, the

timing of gonadal cycles differed between first-year

hand-reared urban and forest birds (Partecke et al.

2004). Furthermore, experimental urban individuals

displayed a lower migratory disposition than the forest

conspecifics. Finally, the reaction norms of the timing

of moult appeared to differ between these two popu-

lations (Partecke 2003). However, if these differences

were to result from recent and strong directional

selection affecting a few loci, we would not necessarily

expect to find evidence of genetic differentiation unless

markers linked to such genes had been analysed. This

would be particularly true if the level of gene flow from

forests to urban populations was prominent.

In European blackbirds, it is not known whether

urban and non-urban populations are distinctly iso-

lated (Tomialojc 1985; Wüst 1986; Luniak and Mulsow

1988; Luniak et al. 1990). The evidence for self-pre-

servation of urban populations has not been adequately

tested. While Erz (1964), based on estimated mortality

and recruitment rates, suggested that the urban popu-

lation in Cologne is only maintained by influx of

blackbirds from the surrounding regions, Batten (1973)

found by using ring recoveries that an urban blackbird

population in London is rather stable and even in-

cludes a surplus of juveniles. In either case, it was

suggested that some degree of interchange between

urban and non-urban populations occurs, especially

between relatively small human settlements (e.g.

villages) and the adjacent regions (Erz 1964; Tomialojc

1985; Luniak et al. 1990). This exchange is assumed to

occur mainly in winter, when non-urban sedentary

blackbirds search for food in nearby human settle-

ments (Stephan 1999). The extent to which these

overwintering non-urban individuals stay and contri-

bute to the urban breeding populations in the following

spring has not been sufficiently investigated. Generally,

an absence of neutral genetic differentiation despite

adaptive differentiation has been demonstrated not

only by short-term scenarios such as those in the

present study but also from analyses of species colon-

ising northern Europe after the last glaciation (Karhu

et al. 1996; Bensch et al. 2002a).

To conclude, the urbanisation of European black-

birds, a process which has been operating since the

early nineteenth century, has not induced a genetic

differentiation at neutral loci between our urban and

forest populations. However, our study is limited. To

establish small (Fst � 0.05) and consistent patterns of

population structure between urban and woodland

populations, a larger study with higher sample sizes

including several pairs of populations sampled across

Europe would have to be conducted. Such a study

could also test whether urbanisation is mainly of

monophyletic origin, followed by the progressive

spread from city to city (Tomialojc 1985), or the result

of repeated colonisation followed by parallel evolution

(Schluter and Nagel 1995). As the human population

will inevitably continue to increase, the urban habitat

now used by blackbirds and many other formerly

forest-living species is likely to become even more

isolated from the woodland populations. Reduced gene

flow, in combination with different selection regimes

that presumably govern the two habitats, is likely to

enhance rapid evolution.

Zusammenfassung

Ist die Verstädterung der Amsel (Turdus merula)

mit genetischer Differenzierung assoziiert?

Da sich Umweltbedingungen entlang eines Stadt-

Land-Gradienten zum Teil drastisch verändern, hat

man sich seit langem schon die Frage gestellt, in-

wieweit Populationen in Städten von den noch existi-

erenden Landpopulationen der gleichen Art isoliert

sind. Bekannt ist, dass z.B. Amselpopulationen in

Städten sich von den immer noch im Wald lebenden

Amseln im ihrem Verhalten deutlich unterscheiden.

Weniger bekannt jedoch ist, ob und in welchem

Ausmaß Stadt- und Waldpopulationen genetisch von

einander isoliert sind. Wir testeten diese Hypothese, in

dem wir die genomische DNS von Amseln einer Stadt-

und einer nahe gelegenen Waldpopulation verglichen.

Die vorliegenden Ergebnisse der Amplifizierten-Frag-
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ment-Längen-Polymorphismus Analyse (AFLP) lassen

vermuten, dass die untersuchte Stadtpopulation in den

verwendeten genetisch neutralen Markern sehr ähnlich

der Waldpopulation ist. Auch wenn es Hinweise auf

offensichtlich genetisch funktionelle Anpassungen der

Stadtamseln gibt, findet die Hypothese einer all-

gemeinen genetischen Differenzierung zwischen unse-

ren Stadt- und Waldpopulationen bis jetzt noch keine

Unterstützung.
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Bensch S, Åkesson S, Salomon M, Seibold I (2002b) Amplified
fragment length polymorphism analysis identifies hybrids
between two subspecies of warblers. Mol Ecol 11:473–481

Borowsky RL (2001) Estimating nucleotide diversity from ran-
dom amplified polymorphic DNA and amplified fragment
length polymorphism data. Mol Phylogenet Evol 18:143–148

Erz W (1964) Populationsökologische Untersuchungen an der
Avifauna zweier norddeutscher Großstädte. Z Wiss Zool
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Neale D, Savolainen O (1996) Do molecular markers reflect
patterns of differentiation in adaptive traits of conifers?
Theor Appl Genet 93:215–221

Klausnitzer B (1989) Verstädterung von Tieren. Die Neue
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