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SUPPLEMENTARY APPENDIX 1 
Information on wolf populations in Fennoscandia of relevance for metapopulation 
effective size analysis 
 
The Scandinavian wolf population (Sweden and Norway) 
The Swedish wolf population has been closely monitored by tracking, radio-tracking, and 
molecular genetic analyses since it was reestablished in the 1980s by a pair most likely 
originating from Finland/Russia. A more or less complete pedigree of the population is 
available making computations of inbreeding and kinship coefficients possible (Vilà et al. 
2003; Åkesson and Bensch 2010; Laikre et al. 2013; Åkesson et al. 2014; Table 2). The 
population is shared with Norway and approximately 5-10 percent of the population resides 
on the Norwegian side of the border; the total Scandinavian population is estimated to be 
about 400 individuals (Svensson et al. 2014). 
 
Over the period 1985 –2014 a total of 18 wolves have been documented to immigrate into the 
Scandinavian population. Out of these, three (males) have managed to reproduce with wolves 
of the resident populations; one in 1990 and two in 2008. One female – first observed in 2010 
- managed to find a partner but was shot in 2015 and never reproduced. In the winter of 
2012/2013 one pair immigrated and was translocated to the area of Tiveden, Sweden. This 
couple has reproduced twice but the majority of their offspring so far appears to have been 
killed (Liberg & Sand 2009; Svensson et al. 2014). 
 
Thus, average annual immigration rate is estimated as 18/30=0.6, and average annual 
immigration rate that has resulted in reproduction is 5/30=0.17 (including the pair in Tiveden 
which has not yet contributed genes to the contemporary population). For the Scandinavian 
wolf population, generation time has been estimated as c. five 5 years (Forslund 2009; Liberg 
et al. 2012; Bruford 2015) so the 30 year period corresponds to 6 generations and an empirical 
rate of about 0.83 reproductively successful immigrants per generation. The severe genetic 
situation of the Scandinavian wolves has been discussed for decades (Laikre 1995; Laikre & 
Ryman 1999; Andrén et al. 1999; Räikkönen et al. 2006). 
 
The Finnish wolf population:  
The number of wolves in Finland as of January 2015 is estimated as 220–245 (Natural 
Resources Institute Finland 2015). The population was extinct, or at least nearly so, for 
over 100 years; intense wolf hunting started in the 1850’s and there were hardly any 
wolves left to hunt in the beginning of the 20th century (Ermala 2003; Bisi et al. 2007, 
2010). Despite legal protection since 1973 wolves did not regularly reproduce until 1995 
when Finland joined the European Union, and the demand for wolf protection efforts 
became considerably strengthened as the wolf is a listed species under the EU 
conservation legislation of the Habitats Directive (available at: 
http://ec.europa.eu/environment/nature/legislation/habitatsdirective/).  
 
Following the stronger protection the population size in Finland quickly boomed and 
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reached a minimum of 250 individuals and 25 breeding pairs in 2006. Subsequently, the 
population size quickly decreased again from 250 to 150 individuals (Jansson et al. 
2012). Like in the Scandinavian wolf population (Liberg et al. 2012), poaching was 
generally acknowledged as the primary cause for the observed negative population 
trends in Finland (Anonymous 2015) affecting the population’s genetic status as well 
(Jansson et al 2012). Wolf hunting was re-initiated in Finland in 2015 and was 
continuing during 2016. The argument to allow the hunt is to reduce “problem 
individuals”, conflict situations, and poaching (Anonymous 2015). In total, 17 wolves 
were killed in this legal hunt during 2015 and 43 during 2016. 10 of these 70 hunted 
wolves were confirmed pack leaders (so-called alpha individuals; 
http://riista.fi/metsastys/saalisseuranta/kannanhoidollinen-susisaalis/). 
 
Wolves are monitored by the Finnish Game and Fisheries Research Institute which is 
part of the Finnish Natural Resources Institute since January 2015. In this work some 
wolves are radio-collared and examined, biological samples are collected for DNA 
analysis, and the number of individuals is estimated annually (Kojola et al. 2006; 2009; 
2014). Genetic studies have shown that the Finnish wolf population has a large amount 
of variation (Aspi et al. 2006; Jansson et al. 2012; Niskanen et al. 2014), but that after 
the initial re-establishment in the mid-1990’s, the population has become somewhat 
genetically isolated from its Eastern source population. Using single-sample estimators 
based on linkage disequilibrium (LD) methods (Tallmon et al. 2008; Waples & Do 
2008), the effective population size (Ne) was estimated to be ~50–70 among wolves born 
prior 1998 even though the number of breeding pairs was ≤ 5, and thus likely reflected 
the Ne of the source population rather than the local Ne (Jansson et al. 2012). In contrast, 
for wolves born in 2007–2009 (this is the fifth generation because generation time has 
been estimated as ~3.4 years in the Finnish population; Aspi et al. 2006), Ne was only 
~20–30 (and lower than the number of breeding individuals). Due to heavy fluctuations 
of the population census (N) and effective sizes in 1995-2009, the estimated Ne/N ratio 
varied a lot (depending also on the estimation method used) from 0.094 to 1.473, but was 
most of the time ~0.28 (Jansson et al. 2012).  
 
Concordant with the rather small local Ne, genetic drift in the Finnish population was 
evident - i.e., genetic differentiation measured as FST between temporal samples grew, 
and inbreeding has recently increased (FIS = 0.108 in 2007–2009). Genetic 
differentiation between the Finnish and Russian Karelian populations is moderate (FST 

~0.1) corresponding to 1–3 migrants per generation as evaluated from several different 
estimation methods (cf. Aspi et al. 2009; Jansson et al. 2012; Niskanen et al. 2014). 
Recently, the migration rate appears to have decreased, and has been larger from Finland 
to Russian Karelia than vice versa (Aspi et al. 2009); during 2007–2009, the only 
confirmed immigrant from Karelia to Finland was shot close to the border in 2008 
(Jansson et al. 2012).  
 
Immigration from the Scandinavian population is practically negligible; only three 
wolves have been confirmed entering Finland from Scandinavia during the past decade. 
Two of them were shot in the reindeer herding area, and did therefore not contribute to 
the Finnish gene pool. One of them was shot in 2005, the other one in 2009 (Sand et al. 
2007, 2010; Jouni Aspi, personal communication). The third, and latest immigrant from 
Scandinavia to Finland was a radio-collared young male from southern Norway who 
quickly passed through norther Finland to Russia in November 2014 but reappeared in 
the Finnish Lapland one year later (GPS network is not comprehensive in northern 
Russia and signals were not received while the wolf was on the Russian side of the 
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border). The current status and location of this wolf is unknown, but it is reported in the 
media as holding the world record in documented distance of wolf migration 
(http://www.aftenposten.no/nyheter/Ulv-fra-Hedmark-satte-verdensrekord-
7760325.html; Jouni Aspi, personal communication). Even though some immigrants 
may go undetected, reindeer herding areas create a very strong dispersal barrier in the 
whole northern Fennoscandia (Kojola et al. 2006; 2009). Moreover, typical dispersal 
distances for wolves in the area are only ~100 km (based on telemetry and genetic 
studies on Finnish wolves; Kojola et al. 2006; Aspi et al. 2006) suggesting that long-
range dispersal might be a rather unusual event.  
 
Genetic studies have shown that today’s effective population size is only ~8% of its 
historical size of ~590 back in the late 19th century (Aspi et al. 2006), and that the 
Finnish wolf population has lost a significant portion of its former variation (Jansson et 
al. 2014). These results indicate that, back in time, the Finnish wolf population was part 
of a much larger, more uniform, and genetically more diverse Fennoscandic population 
(Jansson 2013). 
 
Wolf populations in the Karelia and Kola parts of Russia: 
Rather limited information on wolf populations in Russia is available. Reports from 
Russia mainly concentrate on census population estimates and hunting statistics 
(Lomanova et al. 2011; Bragina et al. 2015). According to the latest report by Lomanova 
et al. (2011), there were almost 50 000 wolves in Russia in 2010, of which ~13 000 west 
of the Ural Mountains (i.e. in the European side of Russia, see Appendix S3). Of these, 
approximately 450 are in the Fennoscandic part of Russia: in the Kola Peninsula ~100 
(Lomanova et al. 2011), and ~300–350 in the Karelian Republic (Danilov 2005; Jansson 
2013; but see Lomanova et al. 2011 giving a higher estimate of 460 in 2010). Hunting 
pressure in Karelia is high with ~80–100 wolves reported to be killed annually 
(Lomanova et al. 2011; Jansson 2013). In contrast, only three wolves were reported to be 
killed in the Kola region in 2008 and 2009 and a stable number of about 100 wolves was 
reported for 2008–2010 (Lomanova et al. 2011).  
 
We were unable to find any genetic studies concerning wolves in the Kola Peninsula 
whereas Karelian wolves have been genetically characterized in three scientific studies 
(that clearly separate Karelian and Finnish wolf samples: Aspi et al. 2009; Jansson et al. 
2012; Niskanen et al. 2014). Aspi et al. (2009) used 29 wolf samples from Karelia (1995-
2000), which were analyzed jointly with samples from the neighboring Finnish and 
Arkhangelsk populations. This study showed significant inbreeding (measured as 
deficiency of heterozygotes giving a FIS of 0.094) in the Karelian population, and a 
relatively small effective size of ~40–50 together with the already mentioned genetic 
distinction from the Finnish population. Both populations were also significantly 
diverged from the Arkhangelsk population further east in Russia (Appendix S3). The 
Russian populations (Karelia and Arkhangelsk) were genetically closer to each other (FST 

= 0.05) than to the Finnish population (FST (Finland-Karelia) = 0.151, FST (Finland-Arkhangelsk) = 
0.176). Even though a limited number of samples was available for this study, the results 
clearly indicated a pattern that has been repeatedly found in other studies: despite huge 
dispersal potential of wolves, their populations tend to be genetically subdivided even 
within quite short distances (e.g., von Holdt et al. 2010; Scandura et al. 2011; Stronen et 
al. 2012). A later study including more Karelian samples (n = 37; Jansson et al. 2012) 
confirmed the low amount of gene flow between the Finnish and Karelian populations. 
Based on frequencies of private alleles in these populations during 2007–2010 the 
average number of migrants between populations (Nm) was estimated to 1.2.  
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Wolf populations southeast of Fennoscandia (Russia) 
A general trend of increasing wolf numbers has been reported in Russia since 1991 when 
the Soviet Union collapsed and wolf control measures were discontinued (Bragina et al. 
2015; Appendix S3). Hunting statistics during 2008–2009 indicate large regional 
variation in hunting quotas (Lomanova et al. 2011), and in some cases the number of 
wolves killed equals or even exceeds the estimated number of individuals from the same 
area (Appendix S3). Thus the local anthropogenic pressure can still be heavy even 
though the total number of wolves in whole Russia is counted in tens of thousands 
(Bragina et al. 2015; Appendix S2).   
 
Large-scale genetic investigations of European wolf populations including samples from 
Russia have shown that the genetic differentiation among local populations is correlated 
with climate, habitat type, and wolf diet composition (Pilot et al. 2006, 2012). However, 
detailed knowledge of the genetic structure of wolf populations inhabiting Russia is 
scarce. Sastre et al. (2011) analyzed 47 wolf samples from four interconnected regions in 
northern European Russia, south-east from Karelia (areas of Tver, Smolensk, Vologda 
and Kaluga; cf. Appendix S3). They observed a surprisingly small contemporary Ne of a 
few hundred (138–312.5), and concluded that this could indicate population 
fragmentation, contrary to what was assumed for Russian wolf populations. Consistent 
with this, a later study by Pilot et al. (2014) employing a large panel of SNP markers 
estimated the most recent effective population sizes to be 159 for the north-eastern 
European Russia, 224 for the southern European Russia/eastern Ukraine, and 239 for the 
northern Belarus. For the whole Eastern Europe, the global Ne was 1366. 
 
Internal subdivision within the eastern wolf distribution area is further supported by 
recent genetic studies from other eastern European countries nearby (Hindrikson et al. 
2013; Czarnomska et al. 2013; Moura et al. 2014). Limited dispersal and gene flow 
among and between eastern wolf populations is probably due to a combination of several 
factors. They include high hunting pressure and historical population bottlenecks 
(Hindrikson et al. 2013; Moura et al. 2014), but also unfavorable landscape and/or natal-
habitat biased dispersal reducing dispersal at longer distances in particular (Czarnomska 
et al. 2013).  
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