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INTRODUCTION 

Conservation biology recognizes the importance and the positive correlation 
between population size and genetic variation for future evolutionary poten-
tial within wildlife populations (Frankham 1996). The role of genetics in 
conservation biology is diverse, including management to reduce inbreeding 
and loss of genetic variation, identification of population structure, clarifica-
tion of taxonomic uncertainty, definition of management units within spe-
cies, detection of hybridization, estimation of population size and parentage, 
and understanding population connectivity (DeSalle & Amato 2004).  
Evolutionary concerns are also reflected in the designation of conservation 
units and management plans. Conservationists are sometimes forced to pri-
oritize among populations of a threatened species and should select the most 
relevant ones for the future survival of the species. In order to assist such 
decisions, the concepts of Evolutionary Significant Units (ESU) and Man-
agement Units (MU) have been developed. An ESU is defined as ‘a popula-
tion or group of populations that merit separate management or priority for 
conservation because it is reciprocally monophyletic for mtDNA alleles and 
show significant divergence of allele frequencies at nuclear loci’ (Moritz 
1994). MUs are populations with significant divergence of allele frequencies 
at nuclear or mitochondrial loci, regardless of the phylogenetic distinctive-
ness of the alleles (Moritz 1994). It has been also suggested that MUs should 
be identified by ‘the amount of genetic divergence at which populations 
become demographically independent’ (Palsbøll et al. 2006). This is because 
allele frequency differences may take a long time to build up and hence un-
der a strict application of significant FST’s recently fragmented, yet demo-
graphically independent populations, may go undetected. 
Ryder (1986) challenged the definition of subspecies and the convenience of 
these entities as conservation units. The subspecies concept is defined as 
‘populations below the species level that share a distinct geographic distribu-
tion and a unique natural history relative to other subdivisions of the species’ 
by Avise and Ball (1990) and O’Brien and Mayr (1991). However, the ade-
quacy of these subspecies designations is tentative, since morphological 
distinctions in many cases have been based on a few specimens and geo-
graphically restricted samples. Subsequent genetic studies have failed to 
confirm these distinctions in some species (Luo et al. 2004). Therefore, the 
reliability of these subspecies designations and their relevance for conserva-
tion purposes are thus not certain.  



 10 

Overall, studies in conservation genetics are useful for estimating extinction 
risk and identifying fragmented populations more accurately; creating ap-
propriate recovery and reintroduction strategies; managing gene flow be-
tween populations correctly; and establishing different evolutionary signifi-
cant units by avoiding outbreeding depression (Frankham 2005). Genetic 
data can compliment ecological studies of population demography and beha-
vior, and this data can help in the development of effective management 
plans in the face of threats to population survival and future adaptive poten-
tial (Scribner et al. 2005). 

Distribution of genetic variation 
The partitioning of genetic diversity in animal species is correlated with 
different life-history traits and the degree of differentiation among popula-
tions (Epperson 2003). Major events in the past such as the cold periods of 
the Pleistocene have left signatures in spatial–temporal patterns of genetic 
variation (Hewitt, 2000). The Arctic ice sheet started to grow about 2.5Myr 
ago, with more harsh climate fluctuations during the last 700 000 years, pro-
ducing major changes in species distributions (Hewitt, 1996). The impor-
tance of these events includes the detection of refugia, range expansions, 
colonisations or major immigration events, and fragmentation (Epperson 
2003). 
Genetic differences between populations can result from isolation due to 
behavioral or other ecological isolating mechanisms such as timing of repro-
duction, physical barriers or geographical distance. In addition, individuals 
of most species are also limited in their movements by habitat features and 
by their degree of vagility (Scribner et al. 2005). The effects of isolation can 
be seen when alleles have been fixed and mutations accumulate in each pop-
ulation resulting in further divergence in allele frequencies and increased 
genetic differentiation among populations (Scribner et al. 2005).  
Overall, microevolutionary processes such as genetic drift and gene flow 
together with ecological aspects and landscape features, will influence the 
formation of population genetic structures (Anderson et al. 2010). It is thus 
important to consider the scale over these processes work. A spatial scale 
will include a range from global to fine-scaled genetic structures, and a tem-
poral scale will illustrate genetic shifts between periods or the consequences 
of a stochastic effect in the genetic variation. From a fine-scale perspective, 
structures may be also shaped by the clustering of individuals in social 
groups.  

Spatial variation 
Genetic data analysed in a spatial context among individuals or populations 
at micro and macro-geographic scales offer information on the degree of 
population structure and rates of dispersal through a landscape (Scribner et 
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al. 2005). In conservation biology, the effects of habitat fragmentation on 
population genetic structure and viability are a major focus of concern. Habi-
tat fragmentation is frequently associated with declines in population size 
and increase of genetic isolation via genetic drift (Scribner et al. 2005). A 
fragmented landscape may limit movement and slow the spread of adaptive 
genes across a landscape, while small population sizes may compromise a 
population´s ability to respond adaptively to environmental change (Stock-
well et al. 2003).  
Fragmentation also has the evident consequence that previously continuous-
ly distributed species will remain in fragments of various size and isolation. 
For these reason, three different types of spatial population structure have 
been proposed: continuous populations, which usually are panmictic; conti-
guous populations, which are naturally fragmented but connected through 
dispersal; and isolated populations which exhibit lower genetic variation as 
compared with the continuous and contiguous populations (Höglund et al. 
2007). For example, black grouse is relatively continuous in northern Eu-
rope, where populations are large and suitable habitat is abounded. In the 
Alps and in the highlands from Scotland, populations are fragmented but still 
connected through dispersal; and finally, highly isolated populations can be 
found in England, Wales and Netherlands (Höglund et al. 2007).   
In addition, dispersal is determined by landscape and habitat features, which 
is important for understanding the process of genetic differentiation (Manel 
et al. 2003). Landscape barriers to gene flow have been documented in sev-
eral ground-dwelling birds with restricted flight capacity (Fedy et al. 2008). 
For example, mountain ridges act as barrier for capercaillie (Segelbacher & 
Storch 2002) and for black grouse (Caizergues et al. 2003); while Piertney et 
al. (1998) determined that a river system was a barrier to gene flow for red 
grouse (Lagopus lagopus scoticus). Therefore, dispersal ability is related to 
geographical barriers resulting in different magnitudes of genetic population 
differentiation.  

Temporal variation 
The effects of habitat fragmentation on genetic diversity and population 
structure can also be explained through time. A temporal approach consists 
of comparisons of the degree of differentiation between populations before 
and after a fragmentation event occurs (Anderson et al. 2010). In general, 
there is little knowledge about the variation that has been lost when popula-
tions have become entirely extinct or very isolated (Pertoldi et al. 2001). 
Temporal studies are scarce, as they rely on the availability of genetic ma-
terial pre-dating fragmentation or decline. However, some studies have 
solved the problem by using museum samples, permafrost samples or other 
types of historical samples and comparing the results with present popula-
tions (European otter, Pertoldi et al. 2001; Spanish imperial eagle, Martinez-
Cruz et al. 2007; white-backed vulture, Johnson et al. 2008; and capercaillie, 
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Segelbacher et al. 2008). Consequently, the remnant genetic diversity and 
the geographic distribution with respect to the past should be carefully inves-
tigated, in order to assess the relative contribution of the evolutionary forces 
such as genetic drift and selection on shaping the present genetic structure of 
a population (Martinez-Cruz et al. 2007). 

Social variation 
Dispersal is an important biological parameter that determines how a species 
can cope with habitat fragmentation or climate change (Malcolm et al. 
2002). One pattern of dispersal is sex-biased dispersal, where one sex is phi-
lopatric (e.g. individuals stay or return to their natal site) and the other one is 
more prone to disperse (Prugnolle & de Meeus 2002). Sex-biased dispersal 
derives from the species´ mating system. In most birds, females disperse 
further from their birth place while males are philopatric (Lampert et al. 
2003). We would expect to see a strong spatial genetic structure in males. In 
contrast, females will have little genetic structure and highly mobility (Du-
bey et al. 2008). Therefore, a sex-biased dispersal pattern may influence the 
population genetic structure and the geographical distribution of genetic 
diversity of a species (Fedy et al. 2008).  
It has been suggested that female biased dispersal and male philopatry may 
promote the formation of kin groups of males on leks (Höglund 2003). A lek 
can be defined as an aggregation of males that females visit mainly for the 
purpose of mating (Höglund & Alatalo 1995). Typically, within leks only a 
few males get most of the matings while the majority does not reproduce. 
Therefore, sexual selection will be very strong in lek mating systems 
(Höglund & Alatalo 1995). This implies that a stronger genetic structure 
would be more detectable in males than in females at the intrapopulation 
scale (Höglund et al. 1999). 
In many lekking species, females prefer to mate at larger male aggregations 
rather than at smaller ones or with single males (Alatalo et al. 1992; Höglund 
& Alatalo 1995). Under such circumstances, non-favored males may en-
hance their indirect fitness benefits (Hamilton 1964) by establishing them-
selves on a lek where the top male, in terms of reproductive success, is a 
close relative (Kokko & Lindström 1996). This kin selection hypothesis for 
the evolution of leks (Kokko & Lindström 1996) implies that some kind of 
kin recognition mechanism might be involved in lek formation and that kin 
may cluster within leks (Petrie et al. 1999; Shorey et al. 2000). There has 
been no general consensus on whether or not the hypothesis has withstood 
and results have been published both in favor of (e.g. Höglund et al. 1999; 
Petrie et al. 1999; Francisco et al. 2007) and against (e.g. Gibson et al. 2005; 
Loiselle et al. 2007) the hypothesis.  
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Objectives 
The primary objective of this thesis was to obtain a deeper understanding of 
the history, systematic classification and the genetic structure of black 
grouse on different geographical scales, and identify the underlying factors 
forming these structures. More specifically my objectives were: 
 
1) To estimate the genetic relationships and population structure among 
black grouse subspecies (PAPER I). 
 
2) To address the migration history, in particular whether southern and/or 
eastern refugia acted as sources of colonisation of Europe after deglaciation, 
and identify if a suture zone is present in Sweden (PAPER I, III).  
 
3) To analyse the genetic diversity within and among populations of black 
grouse in Great Britain and whether British black grouse should be consi-
dered as ESUs and MUs, and if so, how many? (PAPER II).  
 
4) To investigate if the Swedish black grouse conform a single continuous 
and stable population across the country (PAPER III).  
 
5) To assess how the genetic diversity has changed through time in northern 
Sweden and if forest fragmentation has affected dispersal (PAPER IV).  
 
6) To examine the population genetic structure in northern Sweden by esti-
mating if it is a result of a sex-biased dispersal pattern. In general, I expect to 
find strong population subdivision among males due to philopatry, and lack 
of genetic structure among females (PAPER IV). 
 
7) To investigate whether there is any kin structure within lekking male 
black grouse and how it affects the population structure in a study area in 
Sweden (PAPER V).  
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GENERAL METHODS 

Non-invasive sampling 
Non-invasively collected samples such as hair, feathers and faeces allow 
genetic studies of free-ranging animals without having to catch or observe 
them. They provide information on individual identification, relatedness 
estimates, estimates of effective population size, and the level of genetic 
polymorphism within or between populations (Taberlet et al. 1997) and are 
useful for capture-recapture studies (Lukacs & Burnham 2005). Noninvasive 
large-scale studies in birds using feathers collected in the field are scarce. 
However, these have been implemented for individual identification of east-
ern imperial eagles (Rudnick et al. 2005), capercaillie (Segelbacher 2002) 
and macaws (Gebhardt et al. 2009). 
The limitations of noninvasive sampling methods result from either low 
DNA quantity/quality, or the presence of PCR inhibitors. Under these condi-
tions, three outcomes are possible: (i) no PCR product is obtained, (ii) an 
incorrect genotype is obtained due to allelic dropout (false homozygote), or 
(iii) a correct genotype is obtained (Taberlet et al. 1997). Some solutions 
have been proposed: (i) fresh samples collection to avoid samples with de-
graded DNA, (ii) to co-amplify several loci during PCR, and (iii) to repeat 
each DNA amplification independently for each locus several times (mul-
tiple-tube approach) (Taberlet et al. 1997, 1998; Lukacs & Burnham 2005). 

The black grouse 
Black grouse (Tetrao tetrix) are galliform birds known for their complex 
courtship rituals. Males aggregate at traditional lek sites where they perform 
intricate vocal, visual or chemical displays to attract females and to defend 
their territories (Höglund & Alatalo 1995, Sherman 1999).  
They are distributed across Eurasia, from Britain to Eastern Siberia. They 
occur as far north as Norway (at 70°N) and as far south as Kyrgyzstan and 
North Korea (at 40°N). Black grouse are a bird of forest edge habitats and 
can be found at early stages of forest succession, moorlands and heaths 
(Storch 2007). Although black grouse prefer the ground cover in young for-
est plantations, they tend to disappear as soon as forests develop into solid 
conifer thickets (Pierce-Higgins et al. 2007). Following its wide continental 
distribution, seven subspecies of black grouse have been described and de-
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fined by differences in body size and plumage coloration (Potapov 1985; del 
Hoyo et al. 1994). In Europe and north Siberia, the dominant subspecies is T. 
t. tetrix, with an isolated subspecies described in Great Britain, T. t. britanni-
cus. The other five subspecies are located in Asia:  T. t. viridanus in Ka-
zakhstan and south central Russia, T. t. mongolicus in southeast Kazakhstan 
and west Mongolia, T. t. tschusii in north Mongolia and east Russia, T. t. 
ussuriensis in southern Manchuria and North Korea, and T. t. baikalensis in 
the Baikal region and northern Manchuria (Fig 1). 
Black grouse populations are considered to be stable and continuous 
throughout the boreal forest, but are patchily distributed in Central Europe 
(Höglund et al. 2007b). Although black grouse is not an endangered species, 
some threats such as habitat degradation, predation, collisions with high-
tension power lines or deer fences and human disturbance may facilitate 
population declines and isolation (Storch 2007).  

Study area and collected samples  
For this thesis, I used museum samples, tissue and feathers that were col-
lected across the black grouse distribution. Museum samples were obtained 
from the collections of the Natural History Museum in Stockholm, Helsinki, 
Århus, Hamburg and Almaty. All samples were footpad scrapes (5mm2) of 
black grouse specimens that had been stored for periods ranging from sever-
al years to decades (PAPER I). In total, 59 samples (Fig 1) were obtained 
from Sweden (SE), Finland (FI), Denmark (DK), Germany (GE), Estonia 
(EE), Russia (RU), and Kazakhstan (KN). I also obtained the genotypes of 
21 samples collected between 1999 - 2007 from Norway (NO), Netherlands 
(NL), England (EN), Scotland (SC) and Wales (WA) (Höglund et al. 2007). 

 
Figure 1 Sampling area in Eurasia and distribution of black grouse subspecies. Cur-
rent distribution is shaded in grey (after Storch 2007) 

In Great Britain (PAPER II), feathers were obtained from northern Scotland, 
either from localities north and west of Loch Ness close to Inverness and 



 16 

from the highlands south of Loch Ness in the Abernethy forest estate; he-
reafter, collectively referred to as northern Scotland. The next area com-
prised birds from south of the Edinburgh–Glasgow area in southern Scotland 
and the North Pennine hills in northern England, and the third sampled area 
comprised birds from near Llandegla in north-east Wales (Fig 2). 
 

 
Figure 2 Sampling area in Great Britain. Colour circles indicate different MUs. 

A total of 301 samples of black grouse were obtained throughout Sweden 
during 2008-2010 (PAPER III, IV, V. Fig 3). Of these, 280 feathers were 
collected in the field at leks: Östersund (N63°46.4 E13°82.8), Överkalix 
(N66°30.3 E22°44.7); two leks in Kalix (N65°78.1 E23°16.3; N65°82.1 
E23°01.3); Stor Bötet (N58°40.4 E16°45.5); Hedmossen (N59°12.2 
E16°44.6), Skövde (N58°17.6 E13°53.7); Hyssna (N57°26.3 E12°39.0); and 
nine leks at Färnebofjärden National Park  (N 60°12.3 E16°47.2). Twenty-
one samples of muscle were obtained from shot birds in the north, fifteen 
from Luleå (N65°79.2 E21°95.3) and Arvidsjaur (N65°60.7 E19°22.4); and 
six from Dalarna (N61°13.3 E14°57.9). In addition, 469 samples were ob-
tained from dried tissue of wings that were collected by hunters all over the 
northern part of Sweden from 1981 to 1983. All samples were geo-
referenced. 
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Figure 3 Sampling areas in Sweden. 

DNA extraction, genotyping and sequencing 
DNA extraction was carried out using the DNeasy® Blood and Tissue Kit, 
following the manufacturer´s protocol for nails, hair and feathers (Qiagen, 
Hilden, Germany). For the initial incubation step, I cut a piece of 5 mm from 
the feather (tip of the calamus) and, for the museum samples I used approx. 
3-5mm2 of tissue. Samples were cut into pieces using a sterile scalpel, fol-
lowed by a proteinase K – DTT 1M digestion with an extended incubation 
interval at 56°C for up to 24-48 hours until little solid tissue remained. DNA 
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from muscle was extracted using the same kit with the standard tissue proto-
col (Qiagen, Hilden, Germany).  
DNA samples were amplified at 11 microsatellite loci: BG15, BG16, BG18, 
ADL142, ADL180, ADL230, ADL257, TUT1, TUT2, TUT3 and TUT4 
(Piertney & Höglund 2001; Cheng & Crittenden 1994; Segelbacher et al. 
2002) using fluorescently labeled primers. Multiplex PCR amplifications 
were performed in 10 l reactions in an Applied Biosystems Gen Amp PCR 
Systems 2700 thermal cycler. PCR conditions and temperature profiles fol-
lowed the original publications. The number of cycles was modified from 25 
to 40 cycles for feathers and museum samples. A negative control for PCR 
was included. To avoid contamination, DNA extractions, pre-PCR and post-
PCR were done in different rooms and aerosol- resistant filter pipette tips 
were used throughout. Amplified products were run on a Megabace™ 1000 
automatic sequencer (Amersham Biosciences, Buckinghamshire, UK), and 
allele sizes were scored using the MegaBACE Fragment Profiler v1.2 
(Amersham Biosciences 2003). 
Genotyping was performed via the multiple-tubes approach (Taberlet et al. 
1997). This procedure attempts to ensure that the correct genotype is ob-
tained by requiring as many as seven independent PCRs from a given extract 
for acceptance of a homozygous genotype (Navidi et al. 1992, Taberlet et al. 
1996). However, four replicates of apparently homozygous results could be 
enough to avoid allelic dropout when using a very low DNA concentration 
(<50pg/reaction) (Arandjelovic et al. 2009, Regnaut et al. 2006). An allele 
was confirmed when it was observed in two different PCRs. An individual 
was scored as homozygous when four independent PCRs detected the same 
allele. 
For the mtDNA analysis, I obtained a fragment of the control region (308 
bp) using primers 186L/521H (Quinn & Wilson 1993). PCR conditions fol-
lowed Johnson et al. (2003). PCRs were visualized using 2.0% agarose gel, 
and the ethanol/salt - isopropanol precipitation protocol was used for pre-
sequencing cleanup. Samples were sequenced in a MegaBACE using the 
DYEnamic ET Dye Terminator Kit (Amersham Biosciences). All amplified 
fragments were sequenced with both light- and heavy-stranded primers. 
Each complete sequence was generated by aligning and editing in Mega 3 
(Kumar et al. 2004). We used DNAsp v.4 (Rozas et al. 2003) for the post-
erior identification of haplotypes. Haplotype sequences are available in 
GenBank under the accession number HQ889282–308 and JF440304-
JF440334. 

Data analyses 
I tested for the presence of null alleles, evidence of stuttering and allelic 
dropout using the software MicroChecker (van Oosterhout et al. 2004). The 
Microsatellite Toolkit software (Park 2001) was used to exclude samples 
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that had the same genotype. Any sample that failed to amplify for more than 
five loci was discarded. 
Linkage disequilibrium (LD) and Hardy-Weinberg equilibrium (HWE) were 
tested for each of the eleven loci and for every population using the Fisher´s 
exact test implemented GENEPOP v 4.0.10 (Raymond & Rousset 1995). 
Deviations from Hardy-Weinberg were assessed using Wright´s FIS indices, 
estimated according to Weir and Cockerham (1984). Associated probability 
values were corrected for multiple comparisons using Bonferroni adjustment 
for a significance level of 0.05. 
Allele frequencies, observed and expected heterozygosity (HO, HE) were 
computed for each locality/population using GenAlEx 6.0 (Peakall & 
Smouse 2006). Inbreeding (FIS) and allelic richness were calculated using 
FSTAT v 2.9.3.2 (Goudet 1995). Global and pairwise estimates of genetic 
differentiation were calculated in ARLEQUIN (Excoffier et al. 2005).  

Temporal Variation (PAPER IV) 
I used 38 samples collected in 2010 to compare the genetic structure be-
tween two time periods in four sampling sites: Östersund (Ost), Kalix (Klx), 
Boden (Bod), and Luleå (Lul).  I divided genotypic data into ‘dated’ (1981-
1983) and ‘current’ (2010) samples to ensure that temporal variation did not 
mask the patterns of spatial variation. I used an FST comparison to determine 
if temporal variation in genetic structure exceeded spatial variation (follow-
ing Florin & Höglund 2007). I also implemented a Student´s t-test in R (R 
Development Core Team 2008) to test if HE and HO of the current samples 
differ from the dated samples. 
I applied the software BOTTLENECK 1.2 (Cornuet & Luikart 1996) to de-
termine whether the dated and current samples showed evidence of a popula-
tion decline. I compared three tests available in Bottleneck: the ‘standardized 
differences test’, the ‘sign test’ (Cornuet & Luikart 1996) and the ‘Wilcoxon 
signed-ranks test’ (Piry et al. 1999). I used an infinite allele model (IAM), a 
stepwise (SMM) and a two-phase model of mutation (TPM) with 95% step-
wise mutation model (SMM or strict single step mutations) and 5% multistep 
mutations. 

Genetic Structure (PAPERS I – V) 
To determine population genetic structure, first, I implemented four Baye-
sian clustering approaches to estimate genetic population structure in 
STRUCTURE 2.3.1 (Pritchard et al. 2000), EMA (Santafé et al. 2008), 
BAPS 5.2 (Corander et al. 2003), and TESS (Chen et al. 2007) respectively. 
These programs infer population structure and assign individuals to popula-
tions, some of them using geographical coordinates as prior information to 
identify spatial discontinuities in the genetic structure. Second, I conducted a 
multivariate ordination by principal component analysis using the software 
GenAlEx 6.0 (Peakall & Smouse 2006) to visualize the genetic relationships 
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among populations. Third, I performed a Mantel test (Mantel 1967) using the 
ISOLDE option in GENEPOP v 4.0.10 (Raymond & Rousset 1995) to ana-
lyse the relationship of genetic differentiation (FST/(1-FST)) and the geo-
graphical distance between all pairs of populations. I used 10 000 iterations 
to determine the statistical significance of the results. Lastly, I estimated 
genetic distances between populations separately for microsatellite and 
mtDNA data. I calculated a pairwise chord distance matrix (DCE; Cavalli-
Sforza & Edwards 1967) for microsatellite data, and the Jukes and Cantor 
(1969) distance for mtDNA sequences. All distances and Neighbor-Joining 
(NJ) trees were calculated in PHYLIP v.3.69 (Felsestein 1995). A minimum 
spanning network with all unique haplotypes was created by using the Me-
dian-Joining (MJ) network algorithm implemented in the program NET-
WORK v.4.1.1.0 (Bandelt et al. 1999). 

Migration and dispersal patterns (PAPER III, IV) 
I used BAYESASS+ 1.1 (Wilson & Rannala 2003) to quantify migration 
between populations with microsatellites. Bayesass+ considers short-term 
gene flow (i.e. during the past one to three generations) and it relies on the 
propensity of immigrants to show temporary disequilibrium in their geno-
types relative to the focal population, allowing their identification as immi-
grants or offspring of immigrants.  
Dispersal was assessed by means of spatial autocorrelation analyses. Both 
the genetic relatedness (r) and the Rousset´s a distance measure between 
pairs of individuals were analysed as functions of the geographical distance. 
The slope of these relationships offers a measure of the degree of spatial 
genetic structure resulting from dispersal (Hardy & Vekemans 2002). I used 
SPAGEDI to calculate Loiselle´s r kinship coefficient (Loiselle et al. 1995) 
and Rousset’s a measure (Rousset 2000) which is analogous to the FST/(1-
FST) ratio used when regressing genetic divergence with distance (Rousset 
2000). I calculated the association between both coefficients and the geo-
graphical distance for all possible pairs in ten distance classes.  
Neighbourhood size (Nb) is a good indicator of the balance between gene 
dispersal and local genetic drift within continuous populations (Hardy & 
Vekemans 2002). Wright defines a genetic neighborhood as Nb = 4 D, 
where D is population density and 2 is the mean axial square of parent-
offspring dispersal rate (Wright 1946). Thus, it is possible to estimate disper-
sal distance if density and neighborhood size is known. This method is im-
plemented in SPAGEDI for the kinship coefficient, but not for Rousset´s 
measure. Therefore, the measure was calculated manually using the regres-
sion option in SPAGEDI. We used three density values: i) 0.806, this value 
was estimated in Höglund et al. (1996) for a low density area in central Swe-
den; ii) 9.545 for high density areas in northern Finland (Lindström 1994); 
and iii) 3.636 as an average of the two former values. 
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I also performed five tests for sex-biased dispersal using FSTAT 2.9.3.2 
(Goudet 2002) based on the dataset and on 10 000 randomizations: (i) FIS 
values were calculated for the dispersing sex (in this case females); (ii) I 
examined the possibility of sex-biased dispersal by comparing among-
population in male and female cohorts. Under female-biased dispersal, I 
expect that FST will be greater among males than among females, because 
allelic frequencies for individuals of the dispersing sex should be more ho-
mogeneous than those for individuals of the philopatric sex (Fedy et al. 
2008); (iii) relatedness, which should be lower for females for the same rea-
son as for the FST; (iv) the mean Assignment Index (Alc), which calculates 
the probability that each genotype is represented in the sampled population; 
and (v) the variance of Alc (vAlc) should be higher in the dispersing sex, 
because sampled members of this sex should include dispersed and resident 
genotypes with positive and negative vAlc values. 

Expansion (PAPER I, III) 
By using mtDNA sequences it is possible to examine whether the species 
showed any sign of historical population expansion. We estimated Tajima´s 
D (Tajima 1989) and a mismatch distribution analysis (Rogers & Harpend-
ing 1992) for the whole population using ARLEQUIN (Excoffier et al. 
2005). We used DNAsp v.4 (Rozas et al. 2003) to draw a diagram of fre-
quencies of pairwise genetic differences. Populations that have undergone a 
demographic expansion should present a unimodal distribution (Rogers & 
Harpending 1992). 1000 bootstrap replicates were used to produce an ex-
pected distribution using a model of sudden demographic expansion (Excof-
fier et al. 2005). The sum of squared deviation (SSD) and the raggedness 
index were also calculated. These measures quantify the smoothness of the 
observed mismatch distribution. Small raggedness values are typical of an 
expanding population whereas higher values are observed among stationary 
or bottlenecked populations (Harpending et al. 1993). 
To estimate the time of expansion, I used the formula t =  /2u (Rogers & 
Harpending 1992), where t is the number of generations,  is the time since 
the demographic expansion, and u = k where  is the mutation rate per 
nucleotide and k is the length of the analysed sequence. I used a mutation 
rate of 20.8% (Quinn 1992) divergence per million years for the domain I in 
the control region.  

Relatedness (PAPER V) 
I investigated whether males were more related than expected by chance 
within leks. I used the software SPAGEDI version 1.1b (Hardy & Vakemans 
2002) to calculate two different genetic relatedness estimators: the Queller 
and Goodnight (Queller & Goodnight 1989) and Lynch and Ritland coeffi-
cient (Lynch & Ritland 1999). The association between both relatedness 
coefficients and geographical distance for all possible pairs that can be 
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formed among individuals in ten distance classes was calculated. The mean 
relatedness was estimated between black grouse in each distance class and 
then permutation tests were conducted in SPAGEDI to test for a significant 
deviation of the observed mean relatedness from a random spatial distribu-
tion of genotypes across distance categories (Hardy & Vekemans 2002). I 
also estimated categories of relationship, in addition to relatedness between 
black grouse. The software ML-RELATE (Kalinowski et al. 2006) was used 
to calculate the relationship categories between individuals from genotypic 
data. ML-RELATE calculated the likelihood of four common relationships: 
U-unrelated, HS-half siblings, FS-full siblings, PO-parent-offspring and 
determined the relationship that had the highest likelihood for each pair of 
individuals (Kalinowski et al. 2006). KINGROUP v.2 (Konovalov et al. 
2004) was also used to identify sibling coalitions. The pairwise likelihood 
calculations implemented in KINGROUP v.2 are used to infer the relation-
ships between each pair of individuals and to reconstruct groups of kin. I 
tested four sets of alternative hypotheses (half-siblings vs. unrelated; full 
siblings vs. unrelated; full siblings vs. half siblings; parent-offspring vs. full 
siblings). Analyses were carried out separately for each lek and for all mem-
bers globally.  
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RESULTS & DISCUSSION 

Population history and subspecies status of black grouse 
(I). 
To my knowledge, this is the first attempt to describe the phylogeography of 
black grouse. I found a lack of phylogeographical structure and evidence of a 
demographic population expansion revealed by a bell-shaped mismatch dis-
tribution, a star-shaped phylogeny with a central common haplotype (Fig 4) 
and low nucleotide diversity. These are signs of an abundant species that has 
expanded its range rather recently from a small or modest number of found-
ers (Avise 2000). The black grouse expansion may have started from an 
Asian refuge, supported by the higher genetic diversity in Kazakhstan, 
around 7-9 KYR BP. This time corresponds with the beginning of the post-
glacial colonisation of newly available pristine habitat following the last ice 
retreat (14-10 KYR BP). There is evidence that cold-adapted species such as 
silver birch Betula pendula (Palmé et al. 2003) and Scots pine Pinus sylve-
stris (Naydenov et al. 2007) survived and grew well along the permafrost 
area. Grouse are also cold-adapted species which depend on coniferous-birch 
forest; therefore, it might have been possible for them to survive in this re-
gion. This condition would connect scattered ‘‘cryptic’’ or unknown refugia 
fairly close to margin of the ice sheet at its full-glacial extension (Provan & 
Bennett 2008). 
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Figure 4 Network of 30 black grouse CR haplotypes. The sizes of the circles are 
proportional to the haplotype frequencies. Each country is represented by one co-
lour: NO white; SE, yellow; FI grey; EE brown; DK orange; GE salmon; NL dark 
green; UK blue; and KA turquoise. Haplotypes H31-H32 correspond to T. urogal-
lus; H33-H34 T. parvivrostris; H35-H36 T. mlokosiewiczi. Red circles (MV) are 
inferred intermediate haplotypes calculated by NETWORK.  

Subspecies status. When using microsatellites, I found no significant diffe-
rentiation between T. t. tetrix and T. t. viridanus (FST = 0.007, P = 0.492), 
whereas the FST between T. t. tetrix and T. t. britannicus was low but signifi-
cant (FST = 0.028, P = 0.001). I did find significant population differentiation 
between countries (FST = 0.051, P < 0.001). The PCA showed a partial over-
lap among museum samples and, within current samples, there was a clear 
separation between Wales, Scotland-England, Netherlands and Norway (Fig 
5). Nowadays, these are very isolated populations (except for Norway) that 
have become independent due to strong genetic drift as a consequence of 
habitat fragmentation.  
When using CR sequences, the FST values between both T.t. tetrix (FST = 
0.488, P = 0.004) and T. t. britannicus (FST = 0.442, P <0.001) were greatly 
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Figure 5 Score of populations based on microsatellite genotypes plotted on the first 
two axes of a principal coordinate analysis performed using the program GenAlEx. 

differentiated from T. t. viridanus, while there was no difference between T. 
t. tetrix and T. t. britannicus (FST = 0.011, P = 0.204). On the basis of the 
genetic results I recommend the recognition of two subspecies: T. t. tetrix 
(including T. t. britannicus) and T. t. viridanus. However, these results 
should be considered as preliminary due to the low number of samples from 
each population and the lack of samples between Kazakhstan and Western 
Europe. Additional sampling in Asia will be critical to determine taxonomic 
status for the other black grouse subspecies not included in this study. 
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Genetic structure among black grouse in Britain: 
implications for designing conservation units (II).  
British black grouse diverged from continental black grouse (GST = 0.008, 
P=0.007); although, they still share haplotypes with continental Europe. This 
indicates that the time of separation between Britain and the rest of Europe 
has not been long enough, and population sizes have been large enough to 
prevent complete lineage sorting. The differences between mtDNA haplo-
types were small (a few mutational steps) and thus the time of separation 
between continental and British black grouse has been too small to have 
allowed for accumulation of genetic differences corresponding to an Evolu-
tionary Significant Unit or subspecies. 
From microsatellite data, STRUCTURE and EMA (Fig 6) revealed that there 
are three genetic clusters within British black grouse (FST = 0.089, P = 0.001) 
corresponding to northern Scotland, northern England/southern Scotland and 
Wales. In each of the geographic regions, some birds were assigned to 
another cluster than their geographic origin as well as individuals that ap-
peared admixed, which may be interpreted as ‘hybrid’ offspring from an 
immigrant and a resident bird. This may suggest that there is at present little 
migration and hence gene flow among these regions. However, there are 
enough allele frequency differences to suggest that migration between the 
suggested clusters is rare and that British populations are isolated and dis-
junct populations. 
  

 
Figure 6. Individual assignment probabilities for two values of K calculated with 
Structure. 

It appears that British black grouse only satisfy the Management Unit (MU) 
criterion because they are significantly divergent in microsatellite alleles 
(Höglund et al. 2007, Larsson et al. 2008) but not reciprocally monophyletic 
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for mtDNA. The pairwise FST values, the genetic composition and the geo-
graphic distribution of the populations suggest that birds from Scotland north 
of the Edinburgh–Glasgow belt should be assigned to one MU; birds south 
of this divide should be assigned to another MU together with the birds from 
northern England; and Welsh birds should be treated as another separate 
MU.  

Genetic structure of black grouse in Sweden: 
consequence of historic or contemporary patterns? (III). 
The genetic structure in Sweden has been influenced by contemporary and 
ancient patterns.  My results agree with similar studies that found evidence 
for a northeastern colonisation route, following the deglaciation of south-
west Finland in the late Pleistocene. It appears that Sweden was colonised by 
few individuals as suggested by the star-like haplotype network and the high 
frequency of the most common haplotype, H1.  Most taxa exhibit a strict 
south/northeast division on the geographic distribution (Taberlet et al. 1998) 
due to a suture zone (Remington 1968). However, I did not identify the su-
ture zone for black grouse. I found that 65% of the haplotypes were unique 
to a sampling location, implying either that haplotypes only occur in low 
frequencies and were overlooked due to insufficient sampling size or that the 
large amount of local specific mtDNA variation arose in situ after colonisa-
tion. In addition, haplotypes were closely related within populations, sepa-
rated by one to three mutational steps. This suggests that the analysed se-
quence has a high substitution rate, and most mutations must have arisen in 
situ after the last glacial maximum (Andersson et al. 2005). 

 
Figure 7 Genotypes assignment for 301 individuals using the program STRUC-
TURE. The proportion of an individual's multilocus genotype belonging to five 
clusters as indicated by colours was determined.  

Although in this study I did not specifically look for associations between 
forest-agriculture land and genetic data, it seems that fragmentation is the 
main cause of population genetic structure in Swedish black grouse. I found 
four-five different clusters (Fig 7), and the north (NOR), Färnebofjärden 
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(FAR) and Skövde (SKO) localities were genetically differentiated from the 
other sampling localities. Some birds were assigned to a cluster other than 
their geographic origin, which may be interpreted as immigrants. Sampling 
was done mainly within leks, so I would have expected that male philopatry 
would be the main reason of genetic structure. This subdivision in southern 
Sweden may be reflected by descendants of highly productive individuals 
that generate areas of genetically similar individuals (Double et al. 2005). 
However, I also consider that local landscape features between sites may 
affect bird movement and consequently genetic differentiation (Lindsay et 
al. 2008). First, black grouse natal dispersal is approx. 20 km for females and 
2-8 km for males (Caizergues & Ellison 2002, PAPER IV), so it would be 
likely that gene flow would be restricted among neighbouring populations 
(Segelbacher et al. 2003). Second, these birds tend to avoid crossing open 
areas including wide rivers or lakes due to the greater predation risk (Bélisle 
et al. 2001). Thus, forest birds are more likely to disperse across a landscape 
dominated by forest and shrubland than across an agricultural landscape, 
leading to differentiation of populations isolated by agricultural land (Lind-
say et al. 2008). The SKO site is situated between the two largest Swedish 
lakes plus one of the largest agricultural areas to the south, and it is therefore 
likely to have been more isolated, explaining the high differentiation we find 
in our microsatellite and mtDNA data. 
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Maintenance of gene flow by female biased dispersal of 
black grouse Tetrao tetrix in northern Sweden (IV). 
I did not find either population structure within Northern Sweden or evi-
dence of geographical barriers to gene flow. I suggest that the lack of diffe-
rentiation in black grouse (Fig 8) is the result of a stepping-stone model of 
dispersal (Kimura 1964). Genes may disperse through intermediate steps 
resulting in the spread of genes over greater distances than the dispersal abil-
ity of the birds might predict. The geographical distances between sampling 
sites ranged from 45 to 558km, which is greater than the mean distances 
reported for black grouse dispersal. Females showed higher FIS, lower FST, 
lower relatedness and lower mean assignment index than males (Table 1), 
identifying females as the primarily dispersing sex in black grouse. My data 
confirms that female juveniles migrate far from their natal areas, whereas 
small dispersal distances in males corroborate male philopatry. Therefore, I 
consider that the northern Swedish population constitutes a single population 
that has been homogenized by female natal-dispersal. 

Table 1 Test results for sex-biased dispersal in Black Grouse. R: relatedness; AIc: 
the mean assignment index; vAIc: variance of the assignment index. Significant 
values are shown in bold. 

 n FIS FST R  Alc vAlc 
Females 129 0.086 -0.0009 -0.0016 -0.505 11.16 
Males 329 0.017 0.0018 0.0035 0.198 12.47 
P- value  0.002 0.345 0.342 0.041 0.469 
 
I found a temporal genetic structure between dated and current samples as 
expected (FST = 0.110 ±0.058) but population structure in the current sam-
ples was not found, which confirms the high connectivity throughout the 
area. The observed and expected heterozygosity were higher in the dated 
samples (HO = 0.620, HE = 0.630) than in the current samples (HO = 0.571, 
HE = 0.664), but I did not detect any significant change in genetic diversity 
that has occurred during the last 30 years. 
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Figure 8. Spatial clustering of individuals of black grouse inferred by the program 
BAPS. Only one population with homogeneous genetic composition was identified. 

Fine scale genetic structure in the lek-breeding black 
grouse (Tetrao tetrix) (V).  
The main result of this study was that the kin selection hypothesis was not 
supported by my genetic data. The correlation between FST and geographic 
distance (Fig 9) indicates that the genetic differentiation among black grouse 
leks might be determined by the effect of distance between leks rather than 
relatedness within them. It was noticeable that relatedness was significantly 
correlated with geographical proximity, which is due to the unequal gene 
flow that occurs between close and far leks, and because males are philopa-
tric.  
I found a greater number of genotypes than observed lekking males, suggest-
ing that non-territorial males also lost feathers on the sampling sites. This 
implies that the sites are also visited by non-territorial males that join the 
leks for a short time or to follow the females (Lebigre et al. 2008). This 
might explain why there are low relatedness values (Fig. 10) but spatial ge-
netic structure. Some males are related locally, but not all of them, which 
makes the mean relatedness low; but within a small distance, males are more 
related than with males displaying further away. Therefore, leks are not ran-
dom samples from the entire population because all the males cannot go 
from one lek to another, since they are philopatric. The deviation from Har-
dy-Weinberg equilibrium may be explained by a Wahlund effect proving 
that the population is divided into a series of groups. These groups are 
formed by descendants of highly productive individuals that generate areas 
of genetically similar individuals (Double et al. 2005). 
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Figure 9  Mean pairwise relatedness (Queller & Goodnight´s r) between individuals 
in relation to the distance between their leks. Data were grouped into 10 distance 
classes. The permuted 95% confidence interval (dotted lines) and the expected mean 
relatedness from permutation (dashed) are shown. Asterisks mark observations that 
departed significantly from the expected mean relatedness (P < 0.05). Error bars are 
SEs obtained by jackknifing over loci.  

 
 

 
Figure 10 Frequency distribution of maximum likelihood relatedness estimates for 
pairs of black grouse classified as unrelated, half-siblings, full-siblings and parent-
offspring using the program ML-RELATE. The figure only shows 19.3% of all 
possible related dyads; the other 80.7% are unrelated dyads. 
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CONCLUSIONS 

The phylogeography of the black grouse demonstrates that this species has 
been part of a continuous Eurasian population inferred by the common shar-
ing of haplotype, H1, among populations. The expansion and subsequent 
recolonisation of Europe started from Pleistocene refugia in Central-East 
Asia, and this expansion was possibly fast because the genetic differentiation 
and nucleotide diversity within Europe were low. There were two possible 
routes of colonisation explained by the genetic data: one going to Western 
Europe, reaching Great Britain; and the other one going to North Fennos-
candia, as revealed by the Swedish colonisation pattern and expanded till 
southern Sweden. It is most likely that the mtDNA variation I found within 
Sweden emerged in situ after colonisation. 
Despite of the large distribution of black grouse, I only found one subspecies 
in Europe: T. t. tetrix. British black grouse have been isolated for a long time 
period but not for long enough for reciprocal mtDNA monophyly to occur. 
Therefore, British black grouse is not a subspecies but a Management Unit. 
Additionally, I suggest that more detailed sampling throughout Eastern Eu-
rope and Russia is necessary to clearly understand if T. t. viridanus is indeed 
a subspecies or if it shows high levels of gene flow with T. t. tetrix. 
Nowadays, habitat fragmentation and anthropogenic activities are the cause 
of genetic differentiation and isolation between populations. On a large 
scale, I indentified four distinct genetic entities within Europe corresponding 
to the Welsh, north Scottish, south Scottish/English and Dutch populations. 
These have probably drifted apart due to migration barriers and rapid de-
clines in population numbers. Genetic variation in the Welsh and English 
populations is low and may have survival consequences in the long run. To 
avoid further isolation by drift and loss of genetic diversity, translocations 
may be undertaken to avoid possible inbreeding problems. It is recommend-
ed that further investigations using other kinds of markers (e.g. MHC) 
should be used to resolve the issue whether translocations is a viable conser-
vation strategy. 
Surprisingly, opposite to what was thought before (Höglund et al. 2007, 
Storch 2007), I found that Swedish black grouse no longer form a continuous 
population. Sweden is also divided into two main clusters corresponding to 
the north and the south, and the south is subdivided into three clusters. The 
north of Sweden is dominated by coniferous forest and being only rarely 
interrupted by towns or waterbodies. Consequently, the northern population 
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can be considered as panmictic with large population sizes and high connec-
tivity due to female dispersal among locations over time. More importantly, I 
found that forestry does not decrease either gene flow or genetic variability 
in black grouse in Northern Sweden. In contrast, the southern region seems 
to be influenced by fragmentation, hindering the dispersal movements of 
grouse.  
Finally, on a fine scale I found also genetic differences among adjacent leks 
due to a mixture of related and unrelated individuals within and among leks. 
However, mean relatedness values hardly differed from zero. Some leks 
were similar to one another and I interpret this as a result of variation in local 
reproductive success and limited male movement due to philopatry. These 
factors would cause genetic structuring, even with a very fine geographical 
scale but this by itself would not reveal that kin selection is operating within 
black grouse leks.  
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SAMMANFATTING PÅ SVENSKA 

Orren (Tetrao tetrix) är en stannfågel med lekparningssystem ekologiskt 
bunden till den palearktiska boreala tajgan. Det antas att orren har en konti-
nuerlig fördelning i Skandinavien och Sibirien, medan utbredningen har 
fragmenterats i Centraleuropa och där den har minskat i antal under de se-
naste decennierna. Det primära syftet med denna avhandling var att få en 
djupare förståelse av historien, systematisk klassificering och den genetiska 
strukturen hos orre på olika geografiska skalor med hjälp av nukleära mikro-
satelliter och mitokondriens kontroll region (mtDNA CR). Jag har också 
uppskattat hur mycket parningssystemet, fragmentering och historiska pro-
cesser har påverkat uppdelning av den genetiska mångfalden hos denna art. 
Orrens fylogeografi visar att denna art har varit en del av en kontinuerlig 
Eurasitisk population som kan härledas av den gemensamma förekomsten av 
haplotyp, H1, i olika populationer. Expansionen och efterföljande återkolo-
niseringen av Europa efter den senaste istiden startade från pleistocena refu-
gier i Central-och Sydostasien, och denna expansion var möjligen snabb, 
eftersom den genetiska differentieringen och nukleotidmångfalden i Europa 
var låg (delarbete I). Analysen av mina genetiska data antyder att det fanns 
två möjliga vägar för kolonisering: en går till Västeuropa, och nådde Storbri-
tannien, och den andra går till Norra Fennoskandien, vilket framgår av det 
svenska kolonisationsmönstret och fortsätter till södra Sverige. Det är mest 
troligt att den mtDNA variation jag hittade i Sverige uppstod efter kolonisa-
tionen (delarbete III). 
Trots den stora spridningen av orre, föreslår jag att de två europeiska under-
arterna, T. t. tetrix och T. t. britannicus kan slås samman till en underart: T. t. 
tetrix, och att denna avviker från T. t. viridanus, i Kazakstan (delarbete I). 
Brittiska orrar har isolerats under en lång tid men inte länge nog för att öm-
sesidig mtDNA monofyli kunnat uppstå (delarbete II). Därför är brittisk orre 
inte en underart, men väl en förvaltningsenhet. Dessutom föreslår jag att en 
mer detaljerad provtagning i hela Östeuropa och Ryssland är nödvändigt för 
att kunna förstå om T. t. viridanus är verkligen en underart eller om den visar 
höga nivåer av genflöde med T. t. tetrix. 
Numera är fragmentering på grund av mänskliga aktiviteter orsaken till ge-
netisk differentiering och isolering mellan populationer. I Storbritannien, 
förekommer orren tre demografiskt självständiga enheter, motsvarande Wa-
les, norra England / södra Skottland och norra Skottland, som är genetiskt 
differentierade och därför bör betraktas som tre skilda Management Units 
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(delarbete II). Något överraskande, och i motsats till tidigare spekulationer 
(Höglund et al. 2007, Storch 2007), fann jag att svenska orrar inte utgör en 
kontinuerlig population. Mikrosatelliter avslöjade en uppdelning mellan 
norra och södra lokaler. Södra Sverige var uppdelat i tre kluster, vilket tyder 
på att fragmenteringen är den främsta orsaken till den genetiska populations-
strukturen i denna region. Lokala inslag i landskapet mellan platserna kan 
påverka fåglarnas rörelser och därmed genetisk differentiering (delarbete 
III). Däremot är norra Sverige dominerat av barrskog som endast sällan av-
bryts av städer eller vattendrag. Följaktligen kan den norra populationen 
betraktas som en sammanhållen delpopulation med en stor numerär och hög 
konnektivitet på grund av honligt medierat genflöde. Jag fann även att 
skogsbruket inte minskar vare sig genflöde eller den genetiska variationen i 
orre i norra Sverige (delarbete IV). 
På en finare geografisk skala, hittade jag genetiska skillnader mellan angrän-
sande lekar på grund av en blandning av besläktade och icke besläktade in-
divider inom och mellan lekar. Samtidigt fann jag att medelsläktskapet inom 
lekar knappast skilde sig från noll. Några lekar liknade varandra genetiskt 
och jag tolkar detta som en följd av variationer i lokala reproduktiv fram-
gång och begränsat hanligt genflöde på grund av filopatri. Dessa faktorer 
kan förklara den genetiska struktureringen men detta i sig kan inte avslöja 
om närbesläktade individer väljer att spela på samma lekplats (delarbete V). 
Denna allmänna översyn kommer att underlätta utvecklingen av en lämplig 
naturvårdsförvaltning för arten inom en snar framtid. 
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RESUMEN EN ESPAÑOL 

El gallo lira es un ave sedentaria que se encuentra en la taiga boreal del 
Paleártico y se caracteriza por la formación de leks en época de 
apareamiento.  Se considera que esta especie presenta una distribución 
continua en Escandinavia y Siberia, mientras que las poblaciones en Europa 
Central y Gran Bretaña han disminuido en las últimas décadas.  
El principal objetivo de esta tesis fue obtener un conocimiento más profundo 
sobre la historia, clasificación sistemática y estructura genética del gallo lira 
a diferentes escalas geográficas usando microsatélites y secuencias de la 
Región Control en el ADN mitocondrial. También determiné cuanto ha 
influido el sistema de apareamiento, la fragmentación del hábitat y los 
procesos históricos poblacionales en la división de la diversidad genética de 
esta especie. 
La filogeografía preliminar del gallo lira demostró que esta especie ha sido 
parte de una población continua deducida por la presencia de un haplotipo en 
común (H1) en todas las poblaciones estudiadas. La expansión y  
recolonización de Europa comenzó en el Pleistoceno, probablemente de 
varios refugios en Asia Central, y quizás esta expansión fue rápida ya que 
los valores de diversidad genética y diferenciación genética fueron bajos 
(Manuscrito I). Hubo dos posibles rutas de colonización que pueden ser 
explicadas por los datos genéticos: una yendo hacia el occidente de Europa, 
hasta alcanzar Gran Bretaña; y la otra yendo por el norte de Fenoscandia, 
como fue demostrado por el patrón de colonización sueco, expandiéndose 
hasta el sur de Suecia. Es muy probable que le variación en el ADN 
mitocondrial encontrado en Suecia haya emergido in situ después del 
proceso de colonización (Manuscrito III). 
A pesar de la amplia distribución geográfica del gallo lira, solo se sugiere 
una subespecie en Europa, T. t. tetrix conformada por T. t. tetrix y T. t. 
britannicus; y este a su vez se separada de la subespecie T. t. viridanus que 
se halla en Kazakstán. Se sugiere realizar un muestreo más amplio en  
Europa oriental y Siberia para entender mejor si T. t. viridanus es en verdad 
una subespecie o si existen altos niveles de flujo génico con T. t. tetrix 
(Manuscrito I).  Las poblaciones de gallo lira en Gran Bretaña ha estado 
aisladas por un largo tiempo, pero este no ha sido suficiente para lograr una 
monofilia a nivel mitocondrial. Por lo tanto, el gallo lira británico no es una 
subespecie sino una Unidad de Manejo (MU) (Manuscrito II).  
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Hoy en día, la fragmentación del hábitat y algunas actividades 
antropogénicas son la causa de la diferenciación genética y aislamiento entre 
poblaciones. Dentro de Gran Bretaña, existen tres unidades demográficas 
independientes que corresponden a Gales, el norte de Inglaterra/sur de 
Escocia y el norte de Escocia. Estas unidades están diferenciadas 
genéticamente y deben ser consideradas como diferentes unidades de manejo 
(Manuscrito II). 
Contrario a lo que se pensaba anteriormente (Höglund et al. 2007, Storch 
2007), encontré que los gallos lira suecos no hacen parte de una población 
continua. Los microsatélites mostraron una división entre localidades del 
norte y del sur. El sur de Suecia también está subdividido en tres grupos, lo 
que sugiere que la fragmentación del hábitat es la mayor causa de estructura 
genética en esta región. Las características del paisaje entre localidades 
pueden afectar el movimiento de las aves y traer como resultado la 
diferenciación genética (Manuscrito III).  Por otra parte, el norte de Suecia 
es dominado por bosques de coníferas que raramente es interrumpido por 
pueblos o ríos.  Como consecuencia, la población del norte puede ser 
considerada panmíctica con tamaños poblacionales grandes y alta 
conectividad debido a la dispersión de las hembras entre localidades a lo 
largo del tiempo. Esto determina que la silvicultura no disminuye el flujo 
génico o la variabilidad genética entre localidades del norte de Suecia 
(Manuscrito IV). 
A una escala geográfica más fina, encontré que las diferencias genéticas 
entre leks contiguos eran debido a una mezcla de individuos emparentados y 
no emparentados dentro de los leks. Sin embargo, los valores de parentesco 
fueron muy cercanos a cero. Algunos leks fueron similares entre sí y esto fue 
interpretado como resultado de la variación en el éxito reproductivo y a la 
filopatría. Estos factores pueden causar estructura genética, pero por sí 
mismos no revelan que la selección de parentesco esté operando dentro de 
los leks de gallo lira (Manuscrito V).   
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