
Limited mitochondrial DNA diversity is indicative of a small number of founders of the German raccoon (Procyon lotor) population
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[bookmark: Abstract]Abstract The raccoon (Procyon lotor) has successfully invad- ed central Europe, despite the population apparently having been founded by a small number of individuals in two distinct populations in Germany. The ecological success of the invasion has been explained by raccoons being an adaptable, truly omnivorous species. However, the German raccoon population might have a larger number of founders and be more geneti- cally diverse than assumed, as accidental or deliberate releases of household pets or individuals from zoos are relatively

common. In the present study, we sequenced a 550-base-pair long fragment of the mitochondrial control region in 193 rac- coons from Germany and neighbouring countries. We only identified six different haplotypes; of which, five were limited to Germany. Our results support the notions that the population was founded by a small number of females and that the German raccoons originate from two separate release events in central and eastern Germany. Additionally, however, we provide evidence for the presence of a distinct
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population in Saxony, eastern Germany. Further studies using different genetic markers are necessary to gain additional infor- mation on genetic diversity and population genetic structure.
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[bookmark: Introduction]Introduction

Conservation genetic theory predicts that high genetic diver- sity is important for introduced species becoming invasive, as it reduces rates of inbreeding and allows adaptation to new environments (Frankham et al. 2009). However, as a result of founder effects and genetic bottlenecks, invasive populations frequently have a reduced genetic diversity compared to their source populations, especially if they result from an introduc- tion event from a single source population (Puillandre et al. 2008). While it can be considered paradoxical (e.g. Kolbe et al. 2004; Grapputo et al. 2005), there are many examples of successful invasions of genetically depauperate colonisers (Puillandre et al. 2008). For example, the muskrat (Ondata zibethicus) has invaded large parts of Europe, despite the population originating from a small number of founders, showing that genetic diversity is not necessarily a prerequisite for ecological success (Zachos et al. 2007).
Conversely, high propagule pressure, multiple sources of introduction and hybridisation of alien and native species can help to overcome genetic founder effects in introduced populations (Ellstrand and Schierenbeck 2000). The introduc- tion of a large number of individuals and/or a large number of introduction events will ensure a more representative sampling of the original source of diversity in the newly-established population (Simberloff 2009). Introductions of individuals from multiple source populations can even lead to a greater genetic diversity in a newly established population than in any individual native population (Kolbe et al. 2004; Genton et al. 2005; Gillis et al. 2009). Quantifying genetic diversity of an invasive population may be important for management and control (Allendorf and Lundquist 2003), but may also allow inference of the demographic history of the invaders (Zachos et al. 2007; Puillandre et al. 2008; Keller et al. 2012).
The raccoon (Procyon lotor) is a medium-sized Central- and North American carnivore (Kaufmann 1982) that has established invasive populations in different parts of the world, following deliberate or accidental releases (Stubbe 1975; Suzuki et al. 2003; Helgen et al. 2008; Beltran-Beck et al. 2012; Alda et al. 2012). The species is particularly widespread and abundant in Germany (Vos et al. 2012; Fig. 1), where it was first introduced to Europe around 80 years ago (Müller-Using 1959). Starting in the 1950s, raccoons have gradually extended their range beyond their core distribution areas in Germany, reaching neighbouring European countries by the 1970s (Lutz

1984). Over the past two decades, the species has dramatically increased in abundance in Germany. While the hunting bag consisted of around 2,000 individuals in 1992/1993 (Lutz 1995), this number increased to more than 50,000 in 2008/2009 (Vos et al. 2012). While the German law now considers the raccoon to be a native species, it is classified as game in almost all federal states (Michler and Michler 2012). So far, there is very little evidence of a negative ecological and epidemiological impact of the procyonid in its introduced range (Michler and Michler 2012), although it has been suggested that raccoons might seriously threaten native fauna (Frantz et al. 2005; Kauhala 1996) and might transmit pathogens to other species (Beltran-Beck et al. 2012).
The German invasion of the raccoon succeeded despite the population apparently having been founded by a small number of individuals. The first self-sustained population established itself after two raccoons of each sex (one of the females was pregnant), were released near lake Edersee in Hesse, central Germany, in 1934 (Lutz 1984). There are reports of one further introduction and of three to five fur farm escapees during the 1940s in the same area (Müller-Using 1959; Lutz 1984). Furthermore, in 1945, a stable raccoon population became established east of Berlin, after 25 individuals escaped from captivity in Wolfshagen (Stubbe 1975). It has also been reported that a population become established in the Harz region in the western part of the former German Democratic Republic after 60 raccoons escaped from a fur farm in 1945 (Stubbe 1975, 1990). However, it is normally assumed that the whole German raccoon population descends from the founders of the Edersee and Wolfshagen populations (Lutz 1984, 1995; Frantz et al. 2005).
The raccoon in central Europe is thus possibly another example of a genetically depauperate invader. Lutz (1995) observed dental anomalies in around a third of 93 skulls analysed from Hesse and explained this result by the small size of the founder population. Recent results by Alda et al. (2012) suggest that introduced raccoons can become invasive despite reduced genetic diversity. The authors used mitochon- drial DNA (mtDNA) and microsatellite markers to show that at least two introduction events occurred in central Spain over the last decade, with between two and four founders per population. Both newly founded populations are expanding despite the initial genetic bottleneck.
The species’ ecological success has been explained by rac- coons’ ability adapt to new environments (including urban habitat), their omnivorous nature and their capacity to accumu- late fat reserves for improved overwinter survival (Kauhala 1996; Rosatte 2000). However, accidental or deliberate releases of household pets or individuals from zoos are fairly common (Stubbe 1975; Corbet and Harris 1991; Léger 1999; Garcia et al. 2012; Alda et al. 2012) and it has been suggested that some small, isolated feral populations were integrated into the larger population during expansion (Lutz 1984; Hohmann and












































Fig. 1 Sampling locations of the 193 raccoons analysed in this study. One point can represent multiple samples. Hunting bag: number of individuals harvested between 2000 and 2003 in different German administrative districts (grey lines Landkreise). Wolfshagen and Edersee indicate the geographic locations of the two introduced











































populations that are supposed to be at the origin of the whole raccoon population. The hashed area indicated the approximate location of the Harz mountains. The picture inset illustrates the location of the study area in a European context



Bartussek 2005). The number of founders of the German population might therefore have been greater than commonly assumed, resulting in a more genetically diverse population capable of adapting to a new environment.
In a previous study, Cullingham et al. (2008) analysed mtDNA diversity of raccoons in the eastern USA in order to evaluate the phylogenetic distinctiveness of four subspecies previously identified based on morphology. These authors identified 76 different control region haplotypes in a total of 311 samples. The presence of three concordant lineages was inferred, which, however, did only partially correspond to the geographic ranges of the presumed sub-species. In the present study, and similarly to Alda et al. (2012), we aimed to sequence the same region to test the commonly-held assumption that the raccoon population in Germany originated from a small num- ber of (female) founders in only two distinct populations (Edersee, Wolfshagen) and to identify the control region line- ages present in Germany.
[bookmark: Materials_and_methods]
Materials and methods

A total of 193 raccoon tissue samples were obtained from across Germany, with an emphasis on the core distribution areas in central and eastern Germany, as illustrated by the hunting bag statistics from 2000 to 2003 (Fig. 1). In addition, four and two samples were obtained from Belgium and Luxembourg, respectively. Tissues samples from legally hunted or road-killed individuals were stored in absolute eth- anol until extraction.
Cullingham et al. (2008) amplified a control region frag- ment (expected size, 610 base pairs), using the universal mammalian control region forward primer L15997 (Ward et al. 1991), as well as the raccoon-specific reverse primer PLO- CRL1 (5′-CGCTTAAACTTATGTCCTGTAACC-3′). Using
sequence information from Pons et al. (1999; Genbank accession nos. AF080174 to AF080182), as well as from Helgen et al. (2008; Genbank accession nos. EU021073 to





EU021081), we generated the forward primer (PLO-L15997; 5′-CCATCAGCACCCAAAGCT-3′) that annealed to the same region as the universal primer, but was raccoon- specific. While the expected product size  was  608  base pairs (bp), sequencing of the fragment resulted in 550 bp of clean sequence.  Cullingham et al.  (2008) report  results for 467 bp of clean sequence.
DNA was extracted using an ammonium acetate-based salting-out procedure (Miller et al. 1988). We amplified fragments using 10-μl polymerase chain reactions (PCR) that contained approximately 10 ng of DNA and 0.5 units of Hot FirePol Taq (Solis Biodyne) in the manufacturer’s buffer with a concentration of 0.25 μM of each primer,
2.0 mM MgCl2 and 0.1 mM of each dNTP. PCRs were performed in a Veriti thermal cycler (Applied Biosystems) using the following programme: one cycle of 3 min at 95 °C, followed by 28 cycles of 94 °C for 30s, 56 °C for 45 s, 72 °C for 30s, and a final extension at 72 °C for
10 min. PCR products were purified using ExoSAP-IT enzyme (Amersham). Both the forward and reverse strands were sequenced using a BigDye terminator (Perkin Elmer) sequencing kit and the product was run on an ABI 3730 capillary DNA automated sequencer (Applied Biosystems).
Sequence alignment was performed using the MUSCLE procedure (Edgar 2004) imbedded in MEGA v.5 (Tamura et al. 2011). Sequences were collapsed to haplotypes using software COLLAPSE V1.2 (D. Posada; unpublished software). In order to test whether the genetic structure of the mtDNA haplotypes supported the hypothesised founding populations, sampling units were created by grouping in- dividuals based on their federal state of origin (Fig. 2). Ignoring states from which only one sample had been col- lected, haplotype and nucleotide diversity statistics for each federal state were calculated using programme DnaSP v5 (Librado and Rozas 2009). Genetic differentiation between federal states (ΦST) was calculated using the software ARLEQUIN 2.0 (Schneider et al. 2000), using Kimura’s two- parameter genetic distances (Kimura 1980). We tested for significance by performing 10,000 permutations. Programme ARCGIS 9.2 (Esri) was used for geographic representation of the haplotypes. The software NETWORK v4.640 (www.fluxus-engineering.com; unpublished soft- ware) was used to construct a phylogenetic network of raccoon sequences using the median-joining option (Bandelt et al. 1999) followed by MP construction (Polzin and Daneschmand 2003). The network included the sequences generated by Cullingham et al. (2008; GenBank accession nos. EF30343–EF30362, EF30364– EF30419), the frequencies of which were obtained from Cullingham (2007), as well as those from the present study, but reduced in length to cover exactly the same region as the older sequences.
[bookmark: Results]
Results

Sequencing a 550-bp fragment of the mtDNA control region in 193 West European raccoons gave rise to only six haplotypes (Table 1), differing at a total of 17 variable sites. The sequences of five of the haplotypes matched a 467-bp fragment spanning the same region (covering variable sites 118–489) that had previously been used to investigate raccoon phylogeography (Table 1). Because haplotypes PLO2a and PLO2b only differed at nucleotide position 577, they both matched the previous haplotype PLO2. Haplotype PLO16 also matched a mtDNA sequence (with 99 % coverage) of a raccoon from Japan (Genbank accession no AB462046), where the species was introduced as well. Haplotype 110 did not match any existing sequence. Together with haplotypes PLO13, PLO16 and PLO75, it clustered with lineage 2 in the phylogenetic net- work (Fig. 3), while haplotypes PLO2a and PLO2b were part of lineage 3. The overall haplotype diversity was Hd=0.764±
0.012 and the overall nucleotide diversity was π=0.011.
Haplotype PLO75 was observed only once. It originated from a raccoon captured in a suburb of the city of Luxembourg (Fig. 2). The 20 raccoons (10.4 % of all sampled individuals) with haplotype PLO16 all were sampled in a relatively small geographic area (two administrative districts) from the eastern- most part of Germany in the federal state of Saxony, where few other haplotypes were observed. Consequently, the raccoon population of the federal state of Saxony had a reduced hap- lotype diversity (Table 2) and was significantly differentiated from all the other federal states (Table 3), suggesting an inde- pendent origin of this population.
The spatial distribution of the other haplotypes was characterised neither by a clearly distinct geographical cluster- ing, nor by a completely random distribution. In the majority of cases, the haplotypes PLO2b (carried by 31.6 % of all sampled individuals) and PLO110 (8.8 %) were found in the territory of the former Eastern Germany, even though their distribution did overlap relatively little, with the PLO2b haplotype mostly occurring in the north, and the PLO110 haplotype in the centre of the region. Conversely, haplotype PLO13 (28.0 %) was observed mostly on the territory of former Western Germany. Haplotype PL02a occurred frequently in the city of Kassel (in the federal state of Hesse) and its surrounding area (20.7 % of all samples individuals carried this haplotype). The ΦST values support an independent origin of the central Hessian and eastern German raccoons (Table 3): the populations in the federal states of Berlin, Brandenburg and Mecklenburg-Western Pomerania were not significantly differentiated from each other, but they were significantly differentiated from both the populations in Hesse and Thuringia, which in turn were not differentiated from each other.
The raccoons in Lower Saxony  and  Saxony  Anhalt had the highest haplotype diversity (Table 2) and were not genetically differentiated from either Brandenburg or












































Fig. 2 Geographic distribution of the haplotypes observed in the present study. The pie charts represent individuals sampled in different German administrative districts (grey lines Landkreise). The former inner-German border is now shown in Fig. 1. Wolfshagen and Edersee indicate the geographic locations of the two introduced populations from are supposed to be at the origin of the whole raccoon population,









































while Kassel indicates the location of the largest urban raccoon popu- lation in Germany. Bold lines represent the location of the German federal states: B Berlin, Br Brandenburg, H Hesse, MV Mecklenburg– Western Pomerania, NS Lower Saxony, S Saxony, SA Saxony Anhalt, T Thuringia




Hesse (Table 3), suggesting that the populations in these two federal states contained individuals from both main source populations. Finally, every haplotype observed in this study (with the exception of PLO16) was found in the six raccoons from Belgium and Luxembourg. The eight analysed raccoons collected in central Berlin had haplotype PLO2b, suggesting a natural colonisation from rural into urban areas.


[bookmark: Discussion]Discussion

There are many examples of successful invasions of geneti- cally depauperate colonisers. While mitochondrial DNA only provides a limited picture of the overall genetic diversity of a species, our results suggest that the raccoon in Germany and

neighbouring countries is another such example. One raccoon captured in a suburb of Luxembourg City had a haplotype (PLO75) that was observed only once. It is therefore likely that it escaped captivity and can be discounted from the interpretation of the observed genetic patterns. We observed only five further haplotypes in the remaining 192 individuals (or an average of 38.4 individuals per haplotype). Please note that it was important to sequence 550 bp of the control region, rather than the shorter fragment used by Cullingham et al. (2008), as only this allowed the important distinction between haplotypes PLO2a and PLO2b to be made. The limited num- ber of haplotype observed in the present study is likely to be the result of a founder effect, since the species is not characterised by low mtDNA diversity in its native range. Cullingham et al. (2008) identified 76 different haplotypes in 311 samples from the Eastern USA, or 4.1 individuals per
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Table 1 Variable sites in a 550-bp-long fragment of the raccoon mtDNA control region among the six haplotypes (Genbank accession nos. KC846064–KC846069) observed in this study (N=193). Nucleo- tide positions are numbered following Pons et al. (1999). Nucleotide

position highlighted in italic are included in the 467-bp sequence used by Cullingham et al. (2008) to investigate raccoon phylogeography in the eastern US. Haplotype names follow Cullingham et al. (2008)



Nucleotide position

	Haplotypes
	0
	1
	1
	1
	1
	1
	1
	2
	2
	2
	2
	2
	3
	4
	5
	5
	5
	N

	
	6
	0
	1
	5
	8
	8
	9
	0
	0
	0
	6
	9
	2
	8
	7
	8
	9
	

	
	4
	3
	8
	3
	2
	3
	1
	2
	3
	9
	3
	5
	6
	9
	7
	3
	2
	

	PLO2aa
	G
	C
	C
	G
	G
	T
	T
	G
	A
	T
	G
	G
	T
	A
	T
	C
	A
	40

	PLO2ba
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	C
	.
	.
	61

	PLO13
	A
	.
	.
	.
	A
	.
	C
	.
	G
	C
	.
	A
	C
	G
	C
	T
	G
	54

	PLO16
	.
	.
	.
	.
	A
	.
	C
	A
	G
	.
	.
	A
	C
	G
	C
	T
	G
	20

	PLO75
	A
	T
	.
	A
	A
	.
	C
	.
	G
	C
	A
	A
	C
	G
	C
	T
	G
	1

	PLO110b
	A
	.
	T
	.
	A
	C
	C
	A
	G
	C
	.
	A
	C
	G
	C
	.
	G
	17


N number of observations, dots indicate matches with the master sequence
a Both sequences match the shorter haplotype PLO2 from Cullingham et al. (2008)
b Haplotype not previously identified


haplotype on average. The overall haplotype diversity in Germany of Hd=0.764 was relatively high (haplotype diversity

in different populations in the eastern United States: Hd ≥0.841;
Cullingham et al. 2008), reflecting the fact that, with the


Fig. 3 Median-joining network for 77 raccoon mitochondrial control region haplotypes. The yellow haplotypes (light grey in printed version) were identified in a previous study by Cullingham et al. (2008). The black colour indicates the haplotypes identified in the present study. Missing haplotypes are indicated by small red (dark grey in printed version) dots. The size of the symbol is representative of haplotype frequency.
Haplotypes that occurred only once are not shown for clarity
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Table 2 Diversity statistics of the raccoon population in eight federal states of Germany


Federal state	N	Hd	SD	π


Berlin	10	0.00	0.00	0.00
Brandenburg	28	0.56	0.01	0.009
Hesse	45	0.55	0.02	0.010
Lower Saxony	30	0.67	0.05	0.010
Meck.-West. Pom.	9	0.00	0.00	0.00
Saxony	28	0.48	0.11	0.006
Saxony Anhalt	17	0.71	0.06	0.012
Thuringia	16	0.54	0.10	0.009


N sample size, Hd haplotype diversity, SD standard deviation of the haplotype diversity, π nucleotide diversity, Meck.-West. Pom. Meck- lenburg Western Pomerania


exception of PLO75, all haplotypes occurred at a high frequency.
The number of haplotypes observed in our data set sug- gests that there could have been as few as five founder females of the German raccoon population. Using microsat- ellite markers, Alda et al. (2012) estimated that two recently established (last decade), geographically adjacent raccoon populations in Central Spain were founded by between two and four individuals each. The authors only identified two
mtDNA haplotypes in 58 samples, each of which was nearly fixed in one population (haplotype diversity Hd≤0.095). In
this example, comparison of the results from both marker types did suggest that the reduced mtDNA control region diversity observed was an accurate reflection of the number of female founders. Both populations are in the process of expansion, despite having reduced genetic diversity as the result of a founder effect.
On the other hand, there are reasons to believe that the analysis of mtDNA diversity will underestimate the number


of female founders of a population. Founders can have widely differing contributions to the gene pool and mito- chondrial haplotypes might be lost due to genetic drift (Tokarska et al. 2011). Furthermore, rarer haplotypes still present in the population might not have been detected. For example, Wojcik et al. (2009) detected one of the three haplotypes of the three female founders of a population of European bison in only one of 195 analysed individuals. It is also possible that different founder females had identical haplotypes, especially if they came from the same captive population (e.g. Frantz et al. 2012). Despite some uncertain- ty as to the precise number of females that have founded the German populations, the raccoons exhibit less mtDNA di- versity than other invasive mammals, such as the American mink (Zalewski et al. 2011) or the raccoon dog (Korablev et al. 2011,) and are therefore likely to originate from a smaller number of founding females and to have a different demo- graphic history than these more diverse species.
Results from a prior microsatellite study suggest, however, that raccoons in Germany are less genetically impoverished than our results suggest. In the context of a parentage study, Gramlich et al. (2011) used 10 microsatellites to genotype 141 raccoons from a study area in northeastern Germany. While we only identified one haplotype (PLO2b) in eight individuals from the same study area, Gramlich et al. (2011) reported an average of 6.2 alleles per locus, with one locus having 11 alleles. While using different microsatellite markers, results by Alda et al. (2012), obtained by genotyping 58 individuals at 14 microsatellite loci, suggest a lower genetic diversity of two newly established Spanish populations. The authors report an average of 4.1 alleles per locus and they did not observe more than six alleles at any locus across both populations. While the estimate of the overall observed heterozygosity (the German study does not report expected heterozygosities) was compa- rable in both studies (Germany, Ho=0.623; Spain, Ho=0.629), allelic diversity is lost faster than heterozygosity during a



Table 3  Pairwise ΦST values (lower diagonal) among raccoon populations in different federal states of Germany. Information of significance level of p value above diagonal

	
	Berlin
	Brandenburg
	Hesse
	Lower Saxony
	Meck.-West. Pom
	Saxony
	Saxony Anhalt
	Thuringia

	Berlin
	
	n.s.
	–*
	–*
	n.s.
	–**
	–*
	–**

	Brandenburg
	0.11
	
	–*
	n.s.
	n.s.
	–**
	n.s.
	–**

	Hesse
	0.35
	0.14
	
	n.s.
	–*
	–**
	n.s.
	n.s.

	Lower Saxony
	0.31
	0.08
	0.00
	
	–*
	–**
	n.s.
	n.s.

	Meck.-West. Pom.
	0.00
	0.10
	0.35
	0.30
	
	–**
	–***
	–*

	Saxony
	0.74
	0.48
	0.31
	0.32
	0.74
	
	–**
	–*

	Saxony Anhalt
	0.29
	0.03
	0.07
	0.04
	0.27
	0.36
	
	–***

	Thuringia
	0.59
	0.28
	0.05
	0.04
	0.57
	0.24
	0.15
	


Meck.-West. Pom. Mecklenburg Western Pomerania
*p=0.05, **p= 0.01, ***p=0.001 significance level


bottleneck (Nei et al. 1975; Cornuet and Luikart 1996). In comparison, Alda et al. (2012) also genotyped 77 raccoons from the central USA and found up to 16 alleles per locus, an average of 9.9 alleles per locus, and an observed heterozygos- ity of Ho=0.800. Other studies, although based on differ- ent microsatellite makers, report similarly high diversity values for other North American raccoon populations (e.g. Cullingham et al. 2009; Root et al. 2009; Côté et al. 2012; Santonastaso et al. 2012).
Our results clearly show that the commonly held belief that the raccoon population in Germany originated from only two distinct release events is not correct. Haplotype PLO16 was restricted to the eastern-most tip of Saxony (and Germany), and is the most common haplotype in this area. Accordingly, the raccoons in Saxony were genetically differentiated from all others populations and had a reduced diversity. The only meaningful explanation for this result is that these individuals descend from an independent source population. Indeed, until the mid-1990s, the species was in essence absent from this area (Stubbe 1990; Hertweck 2009). The geographical distribu- tion of the remaining four haplotypes was generally in line with the Edersee and Wolfshagen individuals as founders of the populations in the west and east of the country, respectively (high frequencies of PLO2a and PLO13 in central Germany and of PLO2b and PLO110 in eastern Germany). Importantly, ΦST values showed the raccoons in northeastern Germany to be genetically differentiated from the population in central Germany (Hesse and Thuringia), supporting the notion of two independent source populations (outside Saxony).
All four haplotypes (excluding PLO16 from Saxony) had a relatively broad distribution. It is more likely that this pattern resulted from raccoon dispersal, rather than the pres- ence of all haplotypes in the two founding populations. The analysis of genetic differentiation suggested the populations in Lower Saxony and Saxony Anhalt contained descendants from both main source populations. A microsatellite-based analysis is needed to test for admixture between raccoons from the different populations. Finally, the relatively small number of haplotypes suggests that it is unlikely that further small, independently founded populations contributed to the genetic make-up of German raccoons. While haplotype PLO110 was distributed fairly widely in central eastern Germany, it was not possible to ascertain as to whether a fourth population established itself in the Harz region. A microsatellite study is also needed to further clarify the number of founding populations.
Our results generally support the notion that the raccoon population in Germany and neighbouring countries was founded by a small number of individuals in a limited number of locations. The results by Alda et al. (2012) confirm that newly-established raccoon populations can expand despite reduced genetic diversity. The raccoon, as an adaptable, truly

omnivorous species (Kauhala 1996; Rosatte 2000), might thus represent an example of a species being pre-adapted for suc- cessful invasion (Ellstrand and Schierenbeck 2000). On the other hand, the microsatellite study by Gramlich et al. (2011) suggest that raccoons in Germany retained more genetically diversity than suggested by the analysis of mtDNA and there- fore likely to still possess the ability to respond to natural selection in their new environment (Novak and Mack 2005; Wares et al. 2005). The raccoon only started to signifi- cantly expand its range some 20 years  after  the  first feral populations were established (Müller-Using 1959; Lutz 1984), and the dramatic increase in abundance only occurred over the past 20 years (Vos et al. 2012). We cannot exclude the possibility that individuals that escaped zoos, fur farm or private households contributed to the gene pool of the wild population and thereby facilitated the recent increase. Again, a microsatellite-based analysis might help to clarify these issues.
Information on genetic diversity and population ge- netic structure can be important for the management and control of invasive species. Using genetic tools for under- standing inter-population connectivity might help to delimit effective eradication units (Abdelkrim et al. 2005) and predict spread of diseases transmitted by the invader (Bataille et al. 2009). Information on genetic diversity may help to predict an invader’s potential to evolve in defences against a control agent (Allendorf and Lundquist 2003) and to defend itself against infectious disease (Spielman et al. 2004; Radwan et al. 2010). Raccoons are now very abundant in many parts of central Europe and complete eradication of the species, other than at a local scale, is not feasible (Winter 2006). Conversely, in North America, raccoons are known to harbour a variety of pathogens that can be transmitted to wildlife, to domestic animals and to humans (Beltran-Beck et al. 2012). Further studies are thus necessary to gain a more precise understanding of the genetic make-up of European raccoons and the management implications that this may have.
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