
  
 
GEOGRAPHY AND THE ENVIRONMENT IMPACT 
ON HABITAT REQUIREMENTS AND GENETIC 
STRUCTURE OF SWEDISH BLACK GROUSE 
(TETRAO TETRIX): HABITAT AND LANDSCAPE 
GENETIC PERSPECTIVES 
 
 

YANG LIU 
 
 

 
 
 
 

 
Degree project in Biology  
Examensarbete i biologi, 20 p (30 ECT), HT 2007  
Biology Education Centre and Department of Population Biology, Uppsala University  
Supervisor: Professor Jacob Höglund 
 
 
 
 



CONTENTS 
 
 
1. Summary……………………………………………………………………….. 1 

2. Abbreviation …………………………………………………………………… 2 

3. Chapter I………………………………………………………………………... 3 
 

  3.1.Abstract………………………………………………………………………. 4 
 

  3.2.Introduction…………………………………................................................... 5 
 

  3.3.Methods……………………………………………………………………….. 7 
 

  3.4.Results………………………………………………………………………… 12 
 

  3.5.Discussion and conservation recommendations……………………………….. 15 
 

  3.6.Conclusions, acknowledgements and references……………………………… 17 

4. Chapter II………………………………………………………………………… 21 

  4.1.Abstract……………………………………………………………………….. 22 
 

  4.2.Introduction………………………………….................................................... 23 
 

  4.3.Materials and methods………………………………………………………… 25 
 

  4.4.Results…………………………………………………………………………. 28 
 

  4.5.Discussion …………………………………………………………………….. 29 
 

  4.6. Conclusions, acknowledgements and references ……………………….......... 31

  4.7.Appendix………………………………….......................................................... 35

 
 
 
 
 
 



SUMMARY 
 
The Black grouse (Tetrao tetrix) is a medium-sized game bird spread over the 
northern Palearctic region. Populations of black grouse in some European 
countries are distributed in fragmented and isolated manner and the population 
size has also experienced a considerable decline in past few decades. To 
maintain genetic variation is crucial for population‘s long term viability, and is a 
primary objective in conservation genetics. Gene flow may in some extent 
alleviate the negative effects and ensuring population viability. A recent study 
implied that the Fennoscandian population may be genetically more fragmented 
than initially thought. In this study, I used both a spatial multivariate statistical 
model and a landscape genetic approach to determine how geography and the 
environment impact on habitat requirements and genetic structures of Swedish 
Black grouse.  
 
   In Chapter I, I have shown that ENFA is a valuable approach when absence 
data is not available or unreliable. Eco-geographic maps and presence-only data 
sets were combined to build cross validation and to make habitat suitability maps 
(HSM). For the first time I applied the ENFA approach into studying habitat 
requirements of Black grouse in mid-east Sweden. In terms of niche index 
computed from the software Biomapper, the Black grouse occupied a moderately 
narrow niche compared to the prevailing landscape conditions. Important eco-
geographical variables (EGVs) that determined habitat suitability and species 
distribution were abstracted. The HSM indicated that the Black grouse in this 
region is settling in a patchily spatial manner. My study based on ENFA is an 
initial step for in-depth research and I also addressed some recommendation 
aspects for conservation planning.  
 
  In Chapter II, I genotyped 248 geo-referenced wing tissues of Black grouse 
(Tetrao tetrix) from northern Sweden at 12 microsatellite loci to assess the effect 
of landscape structure on genotype frequencies. Standard genetic diversity 
analyses suggested that the Swedish population of Black grouse maintain a 
relatively high genetic diversity for long term viability compared to other 
European populations. By use of a spatial statistical model called GENELAND, I 
could not find any evidence of explicit genetic structure population within north 
Swedish population. Given that continuous suitable habitats are abundant in 
northern Sweden and Black grouse can undertake long-distance migrations, 
have resulted in unconstrained gene flow and hence genetic connectivity. 
Therefore, my results imply that northern Swedish Black grouse should be 
treated as a single Management Unit. 
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AR                                       Allelic Richness 
EGV                                    Ecogeographical Variable 
ENFA                                  Encological Niche Factor Analysis 
HSM                                    Habitat Suitability Map 
GIS                                      Geographic Information System 
MU           Management Unit 
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ENFA (ECOLOGICAL NICHE FACTOR ANALYSIS) AS A 
TOOL TO PREDICT SUITABLE LEKS FOR BLACK 
GROUSE (TETRAO TETRIX) IN MID-EAST SWEDEN: A 
PRELIMINARY STUDY 
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Abstract  
 
Studying the relationship between species and their environment has always 
been a central issue in ecology. Ecological Niche Factor Analysis (ENFA) is a 
newly developed tool based on the Hutchinson’s Niche theory without need of 
absence data. It is a GIS-based model to compute habitat suitability by 
comparing the species distribution in the Ecogeographical Variable (EGV) space. 
What we present here are lek requirements and suitability for Black grouse 
(Tetrao tetrix) in a broad scale in mosaic landscapes of mid-east Sweden. 
 
    The landscape of the province of Uppland, mid-east Sweden, is shaped by 
long term natural and short term anthropogenic fragmentation. Black grouse 
dwelling in this region may be expected to have a patchy distribution. An 
understanding of the ecological requirements for leks is essential in conservation 
and management of the species. 38 lekking areas were visited and mapped 
during the pilot study in two consecutive springs of 2006-2007. Analyses were 
performed in ArcGIS 9.1 and BioMapper 4.0.  
 
    My results indicate that lekking places have some marginality (0.559) in this 
area. A relatively moderate value of specialization = 1.688, and thus tolerance 
=0.592, show that leks have some but no dramatic differences from the average 
conditions in the study area. The first five factors extracted in The ENFA 
explained 91.6% of the variance. The requirements of leks are associated with 
the state of health of the vegetation, relationship between deciduous and 
coniferous forest, and separation types of vegetation. The specialization factors 
also display their preferences are characterized by moisture in the vegetation, 
soil and topography. I present a habitat suitability map based leks census, which 
reveals that the Black grouse in this region is settling in a patchily spatial manner. 
 
 
 
 
 
Key words: Black grouse, Tetrao tetrix, Leks, ENFA, Habitat Suitability 
 
 
 
 
 
 
 
 
 
 
 
 

- 4 - 



1 Introduction 
 
1.1 The Black grouse 
 
The Black grouse (Tetrao tetrix) belongs to the genus Tetrao and family 
Tetraonidae, and is a medium-sized game bird spread over the northern 
Palearctic region (Cramp and Simmons 1980; del Hoyo et al., 1994). In general, 
as a species which occupies the greatest range for Tetraonidae, the black grouse 
inhabits diverse habitats. However, it is also recorded that different subspecies or 
geographical populations may adapt to their local landscapes, known as 
moorland and bogs between canopy forest in Western Europe (Swenson and 
Angelstam, 1993; del Hoyo et al., 1994; Storch, 2000) and foothills with grassy 
flats and scattered spruce forest  in Far East Asia (Hjorth, 1970)( Figure 1). 
 

 
 
Figure 1. The distribution range of black grouse in the world (from Storch, 2000) 
 

An estimated population of 5,100,000-6,400,000 individuals in Europe 
indicates that the world population could be quite sizable. Due to the wide 
distribution range and population size, it is currently listed as “Least Concern” by 
IUCN (BirdLife International, 2006). However, global populations trends have not 
been quantified and evidence of population decline have been documented (del 
Hoyo et al., 1994). During the last century, the population dwelling in western and 
central Europe have experienced a drastically decline, both in size and range 
(Storch 2000). Factors responsible of influencing survival and dynamic of black 
grouse include habitat degradation, habitat loss and fragmentation, agriculture 
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intensification, overgrazing, and maturation of commercial forest (e.g Cramp and 
Simmons,1980; Baines and Richardson, 2007). Recent research using 
microsatellite DNA reveals that small and isolated population occurring in some 
Western European countries are lower in genetic variation, which means they 
have the relatively high risk of extinction due to increased genetic and 
demographic stochasticity (Höglund et al., 2007).  
 

The Fennoscandian population genetically classified as continuous may be 
more fragmented than initially thought (Höglund et al., 2007). However, 
Angelstam (1983) reported that black grouse probably benefits by clear cutting 
practices in Scandinavia. From conservation or management perspective, it is 
essential to identify the suitable habitats a species occupies and determine the 
distribution and abundance of habitats in a landscape scale (Wien, 1989). 
 
1.2 GIS and ENFA 
 
Studying the relationship between species and their environment has always 
been a central issue in ecology. With the fast development of more powerful 
Geographic Information System (GIS) and multivariate statistical models, 
analysis such as managing the species distribution and assessing the ecological 
impact of various factors in a larger geographic scale become possible. Thus, 
such approaches are important and robust tools to assess the distribution and 
habitat suitability (HS) of focal species, especially those with great conservation 
concerns. They are also robust tools applied to wildlife conservation efforts and 
habitat management (Guisan and Zimmermann, 2000; Hirzel, 2001; Boyce et al., 
2002).    
 

Guisan and Zimmermann (2000) reviewed a wide array of predictive habitat 
distribution models in ecology and made the conclusion that the choice of the 
model depends primarily on the objective of a certain study and to fit different 
biological information. All methods like General Linear Model (GLM), Logistic 
Regression and Discriminant Analyses share one fundamental principle that the 
presence/absence data of the focal species in a set of sampled locations should 
be obtained accurately (Hirzel 2001). Sampling unbiased absence data are often 
difficult since the species may not be detected even though it is present (Solow 
1993). 
 

Ecological Niche Factor Analysis (ENFA) is a new developed approach based 
on the Hutchinson’s niche theory without need of absence data (Hirzel 2001, 
Hirzel et al., 2002). It is a GIS-based model to compute habitat suitability by 
comparing the species distribution in the Eco-Geographical Variable (EGV) 
space (Figure 2). The result of a comparative study on assessing GLM and 
ENFA in three different scenarios shows that ENFA produce highly accurate 
results even with poor input data (Hirzel, 2001; Hirzel et al., 2001). ENFA has 
been applied to predict the distribution and habitat requirement in various 
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organisms, like plants, insects, birds and mammals (e.g Hirzel et al., 2001; Hirzel 
et al., 2002; Hirzel et al., 2006).  

 
In this paper, I create a preliminary habitat suitability model for Black grouse’s 

leks based on field census by ENFA. I also speculate on the niche characters 
and potential of Black grouse from my model. I propose that the leks of Black 
grouse in the study area mainly distributed in a patchy pattern. 

 
Figure 2. Flow chart for ENFA . 

 
2 Methods 
 
2.1 Study area 
 
The study area is situated in the province of Uppland, mid-east Sweden 
(approxiamtely 59°53’N, 17°36’E) (Figure 3). The total area in the province 
covers 1,187,500 ha and the diverse land-use results in a heterogeneous 
structure. From a geological standpoint, Uppland is one of the youngest 
provinces in Sweden. The ice age just retreated for a few thousands year ago. 
To begin with the province was below the sea level but the landmass rose quickly, 
hence there is a “natural” fragmentation due to areas never being forested 
(Fredriksson and Tjernberg, 1996; Heijkenskjöld 2001). The landscape is also 
artificially fragmented due to land use for timber industry and agriculture. 
Industrial forestry has been reported imposing influence on reduction of patch 
sizes and patch isolation (Rolstad and Wegge 1989).The study area is a mosaic 
landscape characterized by a mix of forests dominated by conifers with segments 
of deciduous trees and a flat countryside with grain fields and other open area 
like mires, bogs and moorland. So, the landscape pattern of Uppland is shaped 
by long term natural and short term anthropogenic fragmentation, black grouse 
populations dwelling in this region may be expected to have a patchy distribution 
and perhaps even a meta-population dynamics (Hanski and Gilpin 1997).  
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Figure 3. Map of Uppland, the study area  
 
2.2 Census protocols 
 
Firstly, the topographical and vegetation maps of study area were reviewed and 
the potential areas that the black grouse inhabit were arbitrarily selected. Black 
grouse is a lekking bird species, which means that males and females 
congregate in communal display arenas in early spring and autumn, called leks 
(Johnsgard 1994). At such a place the numbers of male (and less accurately) 
females can be counted directly. In this study the counting unit was a male bird. 
Peak numbers of males are found at the lekking site just before egg laying on a 
seasonal level and just after dawn on a daily basis (Cayford and Walker 1991). In 
each spring, the census was carried out between mid April and early May. 
According to the Hjorth’s report of daily rhythm of Black grouse in southern 
Sweden (Hjorth 1970), we initiated the census around 04h00-04h30 everyday. A 
transect line going through the each chosen area was visited by bicycle. At every 
150m, stops were made for five minutes to listen for the distinctive song of males. 
Flushing individuals were also assisting in the discovery of leks. The coordinates 
for the kernel area of leks were saved on a Garmin e-trex GPS receiver. The 
number of attendant males in leks was also counted to weigh different present 
areas.  
 
2.3 Ecological Niche Factors Analysis (ENFA) 
 
ENFA is a GIS-based model that computes the habitat suitability of organisms 
(Hirzel et al.2002). It only needs presence data of a focal species and has 
ecological meaning. ENFA and production of HS map were performed in 
Biomapper 4.0 (Hirzel et al. 2007). Before running ENFA, one should prepare a 
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couple of Eco-geographical Variable (EGV) maps, which are expressing the 
information of topographical features (terrain, altitude, slope), ecological features 
(e.g. vegetation, water bodies, soil, temperature), or  human activity acting upon 
the population (e.g. distance to town, road or disturbance) etc. In my study, I 
obtained EGV maps from satellite images, which is an unclassified Landsat 7 
ETM+ image (Acquisition date: 2002/08/04, path/row: 193/18, Zone: 34N). Each 
band in a Landsat scene reflects different wavelengths (Table 1) and even thus 
specific variables from each band can not be distinct from an unclassified image, 
the bands can be used in an analysis like ENFA to find suitable areas in terms of 
geometric measures and geographic distribution. 
 
Table 1. The band from Landsat 7 ETM+ used as Eco-geographical Variable maps in the 
ENFA with example of applications of the separate bands. 
 
Band λ(µm) Example of application 
1 0.45-0.52 Separate soil/vegetation, deciduous/coniferous 
2 0.52-0.60 Estimation of vegetation state of health 
3 0.63-0.69 Separation types of vegetation 
4 0.76-0.90 Estimation of biomass, separation of land/water 
5 1.55-1.75 Estimation of water in vegetation and soil 
6 2.08-2.35 Separation between different bedrocks 
   
   Secondly, a binary species map (Boolean map) needs to be prepared, which 
contains only 0 and 1, the 1 indicating the cells where the species is present. 
Such binary species maps can be derived from census data. The coordinates of 
presence positions are input in MS Excel and should be converted to Boolean 
map by module “Convert” in Biomapper. Furthermore, a buffer zone, with a 
diameter approximate 50 m was set indicating an average area of a territorial 
male in a lek (Hjorth 1970). This operation can be done by the module “CircAn”. 
Thirdly, these maps have to be verified by the consistency and usability. This 
operation is to ensure that all maps have the same backgrounds, which means 
all the maps are overlayable and there are no discrepancies between them.  
 

If no discrepancies are left in the EGV maps, a correlation matrix is computed 
to run an ENFA. ENFA is the core analysis in my study. The basic principle of 
ENFA is to compare the species distribution in the EGV maps with that of the 
whole set of cells (Begon et al. 2006). Organisms are expected to be randomly 
distributed in the space regarding to the interaction between their ecological 
requirements and tolerances (Hirzel 2001). This concept was first proposed by 
Hutchinson, also known as hyper-volume niche theory (Figure 4). A population of 
a focal species may be distributed in a way of a normal distribution according to 
the eco-geographical qualities. Thus, such distribution may show some 
differences between species present cells and the whole set of the cells, with 
respect to its mean that unequal to global mean, defining as marginality (M) 
(Figure 4). Formally Hirzel et al. (2002) defines marginality as the absolute 
difference between the global mean (mG) and the species mean (mS), divided by 
1.96 standard deviations (σG) of the global distribution (Equation 1). 
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         M = │mG - mS│/1.96 σG                                          Equation 1 
 

The division by σG is made to eliminate any bias due to variance in the global 
distribution and the coefficient weight of 1.96 is used to ensure that marginality 
most often is between zero and one. If marginality is close to one it means that 
the species is found in a different habitat compared to what is available on 
average in the area (Figure 5). Equation (1) explains the principle of marginality, 
but there is a more operational equation implemented in the software to account 
for multiple variables (Hirzel et al. 2002). 

 
Similarly, Hirzel et al. (2002) defined the specialization (S) as the ratio of the 

SD of the global distribution (σG) to that of the focal species (σs) (Equation 2). 
 
               S= σG / σs                                                                               Equation 2 

 
 

 
 

Figure 4. Illustration of Hutchinson’s Hyper-volume Niche Theory. Square cells of the study 
area are distributed in a three-dimensioned space. The large grey balloon represents the 
global distribution, while the small black balloon stands for the subset of cells where the focal 
species was observed. For example, I present here three axes representing three different 
eco-geographical variables, which comprise the EGV space. If one has more EGVs, the 
species will exist in a hyper-volume space (From Sahlsten 2007). 
 

The value of specialization is between one and definite. A large value means 
that the species inhabits a niche within the available habitat in the area. In 
contrast, the tolerance (T) is the inverse of the S, which is between zero and one, 
where close to zero indicates a specialist and close to one indicates to be a 
generalist. (Equation 3). 
 
                              T = 1/S                                                         Equation 3 
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Figure 5.  Marginality and Specialization factors of Ecological Niche Factors Analysis. 

 
2.4 Habitat Suitability Map(HSM) 
 
The first few factors of the ENFA loading the most of information could be used 
to compute a HSM according to Mac-Arthur’s Broken-Stick Advice (MacArthur 
1960). A suitability value between 0 and 1 would be assigned to each cell from 
the study area. Among the several alternative algorithms for HSM computation, 
the median algorithm turns out be more robust owing to its quick, accurate and 
good generalization power (Hirzel 2004). 
 
2.5 Model evaluation 
 
The predictive power of the HSM was evaluated by a cross validation procedure 
(Hirzel 2004). The species’ locations were randomly partitioned into k mutually 
exclusive and identically-sized subsets. In turn, k-1 of partitions was used for 
model calibration and the remaining one for validating on independent data. The 
process was run k times, each time by leaving out a different remaining partition. 
The process would yield k different HSMs for comparing their predictive power. 
Habitat map accuracy was evaluated through Jack-knife cross validation with 
three partitions (Huberty’s rule) (Sokal and Rohlf 1995). 
 
  Practically, Biomapper gives area-adjusted frequency curves (AAF-curves) 

(Boyce et al. 2002), which can be used for evaluation and reclassification of the 
HSM. If a HSM is classified binary as unsuitable and suitable, AAF-curve values 
below one is considered as unsuitable and above one as suitable. With results 
from the cross validation HS-map was re-categorized into b bins (by default, b=4) 
of suitability for patches. Each bin occupied some proportion of the total area (Ai), 
where there were some validation points (Ni) within the bin (validation points are 
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those leaving out partition during the validation process). Then, the Absolute 
Validation Index (Fi), the area-adjusted frequency was calculated (Equation 4). 
 
               Fi = Ni / Ai                                                                               Equation 4 
 

All index values below 50 (AAF-curve 0-0.5) were held as unsuitable areas. 
The areas within the limit from 50 to 74 (AAF-curve > 0.5 and < 1) in the 
suitability index value were considered as poor areas, areas within limit from 75 
to 89 (AAF- curve ~ 1) were considered as suitable and areas within 90 or above 
were considered as core areas (AAF-curve well above one). If the model was 
good, the AAF-curve increased in a monotonic way between HSMs and index 
values, which means high HSM has high Fi  value, and the vice versa. Biomapper 
can also calculate the Boyce Index to evaluate the quality of the model (Boyce et 
al. 2002).  
 
3 Results 
 
3.1 Ecological Niche Factor Analysis 
 
I obtained 38 independent presence points from census of 2006-2007. My results 
indicate that lekking places have some marginality (0.559) in this area. A 
relatively moderate value of specialization = 1.688 and thus tolerance =0.592 
show that Black grouse’s leks have some but no dramatically differences from 
the average conditions of the study area. The Black grouse’s leks are not 
restricted in a narrow niche. The first five factors explained 91.6% of the variance. 
The marginality, itself accounted for 25.25% of the total specialization, also 
meaning that the condition they occupied did not differ so much from the 
background availability. The requirements of leks are associated with the state of 
health of the vegetation, relationship between deciduous and coniferous forest, 
and separation types of vegetation. Black grouse tend to avoid the above 
mentioned EGVs. The specialization factors also display their preferences and 
are characterized by moisture in the vegetation, soil and topography (Table 2). 
Therefore, male Black grouse presumably prefers leks in association with the 
vegetation state of health, relationship between deciduous and coniferous forest, 
and separation types of vegetation with lower means compared to the whole area.  
 
3.2 Habitat Suitability Map 
 
A suitability map which was computed and generated from those five factors in 
Uppland is depicted in Figure 6. The scale on the right shows habitat suitability 
values, where upper dark shades represent a poor habitat and lower, light colors, 
represent high quality habitats. One could also infer from the HSM that suitable 
lekking areas for Black grouse in this region are distributed in a patchy pattern. 
The best habitats were located in the northern and western parts of the province, 
which is consistent with records of the present leks. 
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Table 2. Variance explained by the first five ecological factors and coefficient values for the 
six most important initial variables. EGVs are ranked by decreasing orders of absolute value 
of coefficients on the Marginality factor. Negative values on this factor means that black 
grouse avoids locations with higher values on the corresponding EGV than the mean 
location of study areas. Signs of coefficients have no meaning in each Specialization factors. 
Higher absolute values mean high Specialization. The amount of specialization accounted 
for each EGV is showed in parentheses in each the head column. 
 
  
 

EGVs 
Marginality
(25.25%) 

Spec.1 
(28.66%) 

Spec.2 
(14.59%) 

Spec.3 
(7.56%) 

Spec.4 
(7.08%)

 
Estimation of 
vegetation state of 
health 
 

 
-0.381 

 
0.465 

 
-0.028 

 
0.044 

 
0.016 

Separate 
soil/vegetation, e.g 
deciduous/coniferous 
 

-0.369 -0.062 -0.195 -0.453 0.517 

Separation types of 
vegetation 
 

-0.293 0.362 0.140 0.211 -0.444 

Estimation of biomass, 
separation of 
land/water 
 

-0.259 -0.230 -0.459 0.149 -0.202 

Estimation of water in 
vegetation and soil 
 

-0.163 -0.668 0.679 -0.536 0.493 

-0.456 Separation between 
different bedrocks 

-0.163 0.251 -0.475 0.547 
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Figure 6. The re-classified habitat suitability map for study area.  
 
3.3 Model evaluation 
 
All AAF-curves showed fairly good and monotonic fluctuations and the Boyce 
Index was 0.88±0.098SD indicating a good predictive power of the HSM (Figure 
7.). 
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Figure 7. Area-adjusted frequency curves 

 
4 Discussion and conservation recommendations 
 
Information on species distributions and habitat requirements, and important 
areas for protection or management is a key issue for species conservation. A 
couple of multivariate species-habitat models have become tools for 
conservation planning (Guisan and Zimmermann 2000). ENFA is one of them 
which have intuitively ecological significance, which mainly differs from other 
models in that it only requires species presence data (Hirzel et al. 2002). My 
approach therefore has many advantages over other similar models. Firstly, in 
practice absence data are often not possible to get. Black grouse occupies a 
mosaic landscape including a couple of habitat types, where it is difficult to 
design a reliable census protocol to sort out absence data. Besides, false 
absence data may easily arise from anthropogenic impact (Braunisch and 
Suchant 2007). The study area in Uppland has during long-term been impacted 
by human activities, where unsuitable habitats at a local scale may be actually 
suitable conditions utilized in landscape scale by Black grouse. Secondly a 
conservation attempt should usually consider the time and budget. With limited 
time and resources, of course one does not expect to cover all areas of the focal 
species, but may instead use a habitat model to predict potential distribution. 
ENFA provides cross-validation and habitat suitability maps for illustrating key 
areas to protect when time and budget is restricted. The ENFA does not require 
a threshold number of presence data. Of course, the more the data the more 
precise a model will be. In this preliminary study, the HSM I present here is 
based on a relative small number of leks (n=38), but all present data of leks were 
collected by direct observation of spring displaying arenas, which should be a 
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reliable representation of the habitat requirement of the Black grouse. Therefore I 
suppose that the number of data should be enough and that further work 
includes visiting potential suitable habitats for calibrating my model. But not every 
potential suitable patch is presumably colonized by the Black grouse. Patches 
may either be too isolated and fragmented or too small in size, which may 
account for the absence (Hirzel et al. 2002). However, unsuitable patches have 
been defined as homogenous and may well be received little attention in 
conservation efforts despite the fact they might impact the suitability as well 
(Sahlsten 2007 unpublished data). In this way, I argue that other multiple factors 
that may contribute to the habitat requirements like surrounding characters of 
patches, ‘carrying capacity’ and interspecific competition(Begon et al.2005) 
should be considered to build a more complicated and realistic model. 
 

Black grouse inhabits a mosaic of habitats that include moorland, meadows, 
pastures and the edges of both native and commercial forests (Baines, 1994). In 
Fennoscandia, they occupy an ecotone between boreal forests and open 
bogs(Swenson and Angelstam, 1993). My results for the first time provide 
quantitative estimates of marginality and specialization for this species in the 
Uppland region, which proves its distinct niche and not too much difference from 
average conditions in this area. The reason for why black grouse show a 
moderate difference is owing to the landscape characteristic of the study area. 
Both natural and anthropogenic disturbance shape the landscape of Uppland, 
resulting in that a considerable proportion of the forest in this area are in early-
successional stage. Black grouse has evolved to adapt to this kind of forest 
(Swenson and Angelstam, 1993). In this respect, my findings turn out to be 
consistent to observed data. Further, ENFA allowed delineating an accurate 
habitat suitability map for the Uppland in a landscape-scale way, for conservation 
action plan. However, the results obviously suffer from the caveat that the results 
I estimated may not be directly bear weight of habitat application in the 
conservation management, for example, adequate forestation or logging 
measures for keeping long term suitability for the grouse. That is partly because 
the EGV maps I derived are bands from an unclassified Landsat scene, which 
limits the information, interpretation and conservation measures-taken. To solve 
this problem, I propose to add more selected EGVs eg. forests types and 
structure, specific plant density (birch) , distance to roads etc to link broad-scaled 
habitat requirements and micro habitat choice. Another limitation is that 
confidence intervals on distribution maps are not available in Biomapper. Hirzel 
et al. (2002) proposed to use a bootstrapping procedure of the presence data, 
but this is beyond the scope of the present study.  
 

Given that in the Uppland region, the Black grouse are sympatric with the other 
two forest Tetraonidae species, the Capercaillie Tetrao urgallus and the Hazel 
grouse Bonasa bonasia, the three species may have different sensitivities to 
habitat fragmentation and forest successions regime (Swenson and Angelstam, 
1993), but it is possible to compare the three species under the same context 
(EGVs), both temporally and spatially to compute the niche overlap and 
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separation. Actually an estimation of the Hazel grouse in Uppland region is 
already made, which displays a relatively more narrow and distinct niche 
(Marginality=0.852; specialization=2.637; tolerance= 0.852) than that of the black 
grouse(Salhsten 2007). Such information is useful for conservation managers to 
consider different conservation strategies for the two species. The Discriminant 
Analysis (DA), with purpose to compare two species distributions, has been 
implemented into the new version of Biomapper 4.0 and makes it possible to 
carry out an extension of this study furthermore (Hirzel et al. 2007). 
 
Conclusions 
 
To conclude, I have shown that ENFA is a valuable approach when absence 
data is not available or unreliable. Eco-geographic maps and presence-only data 
sets are combined to build cross validation and to draw HSM. For the first time I 
applied the ENFA approach into studying habitat requirements of Black grouse in 
mid-east Sweden. In terms of niche index computed from the software 
Biomapper, the Black grouse occupied a moderately narrow niche compared to 
the prevailing landscape conditions. Important EGVs that determined habitat 
suitability and species distribution are abstracted. The HSM indicated that the 
Black grouse in this region is settling in a patchily spatial manner. My study 
based on ENFA is an initial step for in-depth research and I also addressed some 
recommendation aspects for conservation planning.  
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Abstract  
 
The delimitation of population structure is very important in population 
management and when identifying conservation units. The traditional population 
genetic methods fail to well solve how evolutionary processes interact with 
landscape features even in an idealized world. The newly emerged “landscape 
genetic” approach provides valuable insights into the interaction between 
landscape structure and the micro-evolutionary processes. I genotyped 248 geo-
referenced wings of Black grouse (Tetrao tetrix) from Northern Sweden at 12 
microsatellite loci to assess the effect of landscape structure on genotype 
frequencies. Standard genetic diversity analyses suggested that Swedish 
population of Black grouse maintain a relatively high genetic diversity for long 
term viability compared to other European populations. By using a spatial 
statistical model called GENELAND, I could not find any evidence of explicit 
genetic structure population within Northern Sweden. Given that continuous 
suitable habitats are abundant in northern Sweden and that Black grouse may 
undertake moderately long distance migrations, this presumably have resulted in 
effective dispersal among Black grouses leading to unconstrained gene flow and 
hence genetic connectivity. Therefore, my results imply that northern Swedish 
Black grouse should be treated as a single Management Unit. 
 
 
Keywords: Black grouse, Tetrao tetrix, genetic diversity, Landscape genetic, 
population structure, Microsatellites 
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1 Introduction 
 
1.1 Conservation genetic of Black grouse 
 
The Black grouse (Tetrao tetrix) is an emblematic species that occupies the 
ecotone between open bogs, moorland or meadows and closed canopy forest in 
Western Europe (Swenson and Angelstam, 1993; del Hoyo et al., 1994; Storch, 
2000). The population of black grouse in some European countries is distributed 
in a fragmented and isolated manner (Höglund et al. 2007). For example, the 
black grouse population in Great Britain is split into three subpopulations: one in 
the Scottish Highlands; one in south Scotland/ northern Pennines in England; 
and one in northern Wales (Storch 2000). This distribution is considered as 
consequences of both natural and anthropogenic habitat fragmentation. Besides 
range shrinking, the population size also experienced a considerable decline in 
past few decades. For example, the lowland population in the Netherlands lost 
thousands of individuals after the Second World War with only 30 displaying 
cocks left around 1990 (Storch 2000). Small and isolated populations run a high 
risk of extinction due to human impacts, inbreeding, loss of genetic diversity and 
demographic instability, a so called “the Extinction Vortex ” scenario (Frankham 
et al. 2002). Therefore, it is crucial to both protect habitats and conduct genetic 
management of black grouse. 
 
   A major challenge for conservation genetics of black grouse is to integrate 
knowledge into practices. Since black grouse has undergone a loss of genetic 
diversity, it is a prerequisite and a primary objective to maintain genetic variation 
in a changing environment. 14 geographic populations around European range 
were grouped into three types of population connectivity. Although the 
Fennoscandian population seems to have an extensive range and large 
population numbers, and being classified as continuous genetically, it may be 
more fragmented than initially thought (Höglund et al. 2007). In Chapter I, I 
presented a picture that the lekking places in Uppland, mid-eastern Sweden 
occur in a spatially patchy manner. To analyze the impact of population 
fragmentation one also need the details of population structure and migration 
patterns (Frankham et al. 2004). The delimitation of population structure is only 
possible using genetic data. According to the extent of effective gene flow, 
population structures can be potentially distinguished as ‘island model’, ‘source 
and sink model’, ‘stepping-stone model’ or ‘metapopulation’ (Frankham et al. 
2002). Further, from population genetic data, one could address the question 
which group or subpopulation is to be preserved and how these units are defined? 
These units are referred as MUs (Management Units) or ESUs (Evolutionary 
Significant Units), which are essential for conservation managers for monitoring 
the impacts of human activities upon species abundance (Conner and Hartl 2004; 
Palsbøll et al. 2006). 
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1.2 Landscape genetics 
 
The GIS approach and multivariate statistical models, for example Ecological 
Niche Factors Analysis (ENFA) present a picture how landscape characteristics 
structure the population’s distribution and broad-scale habitat requirements. With 
neutral genetic markers (e.g allozymes, mtDNA, microsatellites and SNPs) it is 
possible to investigate population structure, dispersal, gene flow and genetic drift. 
However, there is still a disconnection to understand how evolutionary processes 
interact with landscape features even in an idealized world (Holderegger et al. 
2006). In practice, it is crucial to combine analysis of landscape ecology with 
population genetic data. When GIS comes into population genetic, a new 
discipline, called “Landscape genetic” emerges, to resolve population 
substructure across different geographical scales (Smouse et al. 1999). The aim 
of landscape genetics is to combine concepts of landscape ecology and 
population genetics to provide detailed information about the interaction between 
landscape structure and micro-evolutionary processes (Manel et al. 2003). Unlike 
classical metapopulation theory (Hanski and Gilpin 1997) or spatial genetics 
(Holderegger et al. 2006), landscape genetics weighs landscape ecology and 
ecological genetics in the same proportion, paying great attention to not only the 
landscape’s quantitative characteristics but also qualitative ones, which is much 
closer to the natural world (Holderegger and Wagner 2006). Moreover, the 
landscape genetic approach considers an individual as an analysis unit and 
hence does not require knowledge of pre-assigned subpopulations of total 
population (Manel et al. 2003). Understanding the distribution and genetic 
diversity of Black grouse is merely the first step in the overall studies. I will 
combine these two data sets to investigate the spatial genetic variations of 
Swedish black grouse relating to landscape features of their distribution area in 
North Sweden. 
 
1.3 Microsatellites 
 
Microsatellites, also known as Simple Sequence Repeats (SSRs), are tandemly 
non-coding, polymorphic loci that consist of repeating units of 1-6 nucleotides, 
frequently found at nuclear genomes of most taxa (Selkoe and Toonen 2006). A 
microsatellite often consists of several repeats, typically varying in length 
between 5 and 40 repeats. The number of repeats is also variable between 
alleles (Selkoe and Toonen 2006). As microsatellites show a high degree of 
polymorphism caused by high mutation rate, genotypes within recently diversified 
populations are often fully informative (Ellegren 2004). In this way, microsatellites 
are increasingly used for determining gene flow, population structure and size, 
bottlenecks and kinship in natural populations (Queller and Strassman, 1993; 
Goldstein and Schlötterer 1994; Selkoe and Toonen 2006). Another feature of 
microsatellites is that they are co-dominant and can be easily amplified using 
Polymerase Chain Reaction (PCR) (Saifi et al. 1988).  
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   Here I used five chicken (a genomic model species) and seven Tetraonidae–
specific microsatellites loci to investigate the population structure of Northern 
Swedish Black grouse. My primary aims were: 1) To assess the standard genetic 
diversity of Swedish Black grouse; 2) To investigate if there is potential genetic 
structure within northern Swedish Black grouse population and if this structure 
coincide with any landscape features (e.g. mountain ridges, rivers, roads). The 
application of my study provides preliminary information about current genetic 
spatial pattern of geographic population, which may be helpful cues for making 
conservation strategies and identifying priorities. 
 
2 Materials and methods 
 
2.1 Geo-referencing and DNA extraction 
 
Wings of Black grouse were collected from legal hunting in northern Sweden 
(north of the river Dalälven) between 1980 and 1983 by the Swedish Museum of 
Natural History. Samples with coordinates of collecting locations were selected 
because such samples allow me to do geo-referencing. Therefore, I included 248 
different individuals in this study, most of which were males because black 
grouse is a sexually dimorphic species males may well be more conspicuous to 
hunt. For each individual, the information of location in terms of coordinates or 
the name of the hunting site was thus used to operate the geo-referencing. A 
map system (GSD-fastighetskartan) in Sweden was used for geo-referencing, 
which divides the land cover into specific maps with 5 x 5 kilometers extent. Then 
each individual was geo-referenced using the center coordinates of every 
sampling site (Figure 1). 
 
  Dry tissues were cut into small pieces from the base of the wing. I extracted all 
samples with high salt purification and ethanol precipitation as follows. I placed 
each sample in 350 µl SET buffer (0.15 M NaCl, 0.05 M Tris, 1 mM EDTA pH 
8.0), 12.5 µL proteinas K (10 mg/mL) and 19.4 µL SDS (20%) in an Eppendorf 
tube and incubated at 55 ºC for approximately 2 hours until the tissue was totally 
dissolved. I added 300 µL NaCl (6 M), and vortexed strongly for 10 to 20 seconds, 
centrifuged for 10 minutes at 13 000 rpm and transferred 600 µL of the 
supernatant to a new tube. I added 150 µL Tris (0.01 M, pH 8.0), mixed and 
added 750 µL freezer cold 99.5 % ethanol, mixed again and let the sample 
precipitate over night in a -20ºC freezer. I centrifuged samples 15 minutes at 10 
700 rpm, discarded the supernatant, washed the pellet with 1 mL freezer cold 70 
% ethanol and centrifuged for 10 minute at 10 700 rpm. Finally I let the pellet dry 
and dissolved it in 100 µL TE buffer. After DNA extraction, all samples were 
measured of concentration by NanoDrop® ND-1000 UV-Vis Spectrophotometer. 
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Figure 1. Distribution of the collected and geo-referenced wing samples within 

northern Sweden black grouse (Tetrao tetrix) 

 

2.2 PCR and genotyping 
 
All samples were genotyped at seven treanucleotide microsatellite loci (BG15, 
BG16,BG 18, TUT1, TUT2, TUT3, TUT4) and five chicken specific loci(ADL230, 
ADL 257,AFL142, ADL 184, LEI098) (Table 2). The description of primers 
sequences are given in original literature (Gibbs et al. 1997; Segelbacher et al. 
2000, Piertney and Höglund 2001, Appendix). PCR reaction volumes of 10 µL 
were used, including 5 µL of PCR mix, 3 µL of Rnase-free H2O, 1 µL of a 10× 
primer mix, and 1 µL of DNA template. 
 
  The temeperature profiles were the following: 15 min initial action at 95 °C, 
followed by 23-25 cycles of 30 s denaturation at 94 °C, annealing at 48 °C for 
Multiplex1, 54°C for Multiplex2 and 60 °C for Multiplex3 respectively for 1 min 30 
s, extension at 72 °C for 60 s and a final extension step 30 min at 60 °C. PCR 
products were resolved by electrophoresis on 1.5% denaturing agarose gels and 
afterwards stained with Ethidium Bromide solution. 
 
   Finally, the post-PCR product was diluted by mixing 1 µL DNA and 9 µL dd H20. 
2 µL of the diluted products were added to a mix of 8.8 µL dd H20 and 0.20µL 
ET-Rox 400 size standard and run on a MegaBase 1000 (Amersham 
Bioscienses). Runs were analyzed using MegaBase Fragment Profiler Version 
1.2 (Amersham Bioscienses). All individuals were scored together for fragments 
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between and base pairs for presence (1) or absence (0). Only easy identified 
fragments were included to minimize the influence of differences between runs.   
 
 
Table 1.  Microsatellite loci used in the study 

 
 
 

 
Marker name 

 
Dye name 

 
Min.size 

 
Max.size 

 
Spacing 

Mutiplex 1 ADL230 
ADL257 

FAM 
HEX 

90 
120 

140 
130 

2 
3 

 
 

Mutiplex 2 

ADL142 
ADL184 
BG15 
BG16 
BG18 

HEX 
NED 
HEX 
NED 
FAM 

207 
106 
106 
190 
120 

255 
136 
150 
318 
165 

2 
2 
4 
4 
4 

LEI098 NED 135 165 2 
TUT1 NED 178 202 4 
TUT2 HEX 160 215 4 
TUT3 FAM 190 230 4 

 
 

Mutiplex 3 

TUT4 FAM 110 200 4 
 
 
2.3 Data Analysis 
 
Before genetic analyses, I used the software MICRO-CHECKER version 2.2.3 
(van Oosterhout et al.2004) to check for genotyping errors caused by null alleles, 
large allele dropout and stuttering, and also detected typographic errors. I 
examined genotypic linkage disequilibrium between loci by using the Fisher’s 
exact test in program GENEPOP on the web with 1,000 dememorization steps, 
100 batches, and 1,000 interactions per batch (Raymond and Rousset 1995). I 
tested the deviations from Hardy-Weinberg equilibrium for each locus in the 
software GENALEX version 6.0 (Peakall and Smouse 2006), with 10,000 
dememorizations and 100,000 Markov Chain steps (Pritchard et al. 2000). I used 
the Excel add-in MICROSATELLITE TOOLKIT (Park 2001) to perform all 
standard genetic diversity analyses based on assessment of alleles frequency 
data. I calculated the observed heterozygosity (Ho), expected heterozygosity (He) 
and hence the population inbreeding coefficient, the FIS value, which is the 
deviation of the Ho from He under random mating (Frankham et al. 2002; Conner 
and Hartl 2004). I also calculated allelic richness (AR) by using FSTAT version 
2.9.3 (Goudet 2001). 
 
  The spatial genetic structure of North Swedish Black grouse was investigated 
by using the software GENELAND 0.3 in the R package (Guillot et al. 2005a). 
This method infers spatial genetic structure by using a Bayesian clustering 
method, in which geo-referenced and multi-locus genotyped individuals are 
assigned to K populations based on differences in allele frequencies (Guillot et al. 
2005b). K is treated as a parameter processed by the Monte Carlo Markov Chain 
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(MCMC) algorithm without any approximation (Pritchard et al. 2000). This model 
thus incorporates the spatial coordinate data and the multilocus genetic data to 
display the spatial locations of genetic discontinuities between these putative 
populations and generate a colored Poisson-Voronoi tessellation (Dupanloup et 
al. 2002). The assumption of this model is that no inferred deviation from Hardy-
Weinberg equilibrium and no significant linkage disequilibrium for each pair if loci 
is present in the data (Pritchard et al. 2000). 
 
  In performing the GENELAND analyses, all the parameters (including K) are 
processed simultaneously by the MCMC. However, a previously inferred K value 
has to be provided in the first run to estimate the other parameters due to 
technical reasons (Guillot et al. 2005b). Since this value is arbitrarily chosen, 
here I followed the value suggested by Salhsten et al. (2007) that minimum K 
value was one and maximum 100. With the available parameters, the MCMC 
computations were iterated 100,000 times with a thinning of 100 (each one-
hundred run was saved for analysis). To accountfor  location errors (induced by 
measurement error), this method introduces an additive noise blurring of the 
coordinates, the true coordinates being treated as unknown and as parameters 
to be estimated (Guillot et al. 2005b). Finally a tessellation map of posterior 
probabilities was generated to display population assignment and potential 
barriers (terrain features e,g mountain ridges, rivers, roads) coinciding with 
genetic discontinuities. 
 
3 Results 
 
I did not find any significant deviation from linkage disequilibrium from the exact 
tests meaning that genotypes at one locus are independent from genotypes at 
the other loci. All microsatellite loci were polymorphic with an average of 9.40 ± 
5.57 SD alleles per locus (range 3-16 alleles) and allelic richness was 5.45. The 
expected unbiased heterozygosity He was 0.63± 0.08 SD and the observed 
heterozygosity Ho was 0.45 ± 0.02 and hence 0.454 ± 0.020 SD yielding a 
significant Fis =0.25±0.21 SE (P=0.001). 
 
  I found the posterior distribution of the populations stayed stable at K=1 when 
running GENELAND. The map of the posterior probability for any pixel of 
population assignment was derived (Figure 2). I also computed the modal 
population for each pixel (Figure 3). As inferred by GENELAND, I can not find 
any genetic structure within sampling units and thus northern Swedish Black 
grouse may well be as a single population. 
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Figure 2. Poisson-Voronoi tessellation map of posterior probabilities of population 

membership 

 

 
Figure 3. Map of the modal population shows uniform population structure 

 
4 Discussion 
 
From an evolutionary perspective, genetic diversity is necessary for continuing 
evolution and loss of genetic variation is therefore a crucial issue in conservation 
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genetics (Frankham et al. 2002). When comparing my measurements of genetic 
diversity to a previous study (Höglund et al. 2007), I found lower values of 
expected unbiased heterozygosity He and observed heterozygosity Ho but 
higher numbers of the mean number of alleles per locus and overall allelic 
richness (AR). The different results may be explained by differences in sample 
size of each population and numbers of microsatellites used for genotyping which 
could bias the measurements.In the previous study, two continuous populations 
from Fennoscandia with 57 individuals from Finland and 31 from Norway 
respectively were genotyped at 10 tetranucleotide microsatellite loci (Höglund et 
al. 2007). But there were more than 200 individuals at 12 microsatellite loci in my 
study. Hence, values of expected unbiased heterozygosity He and observed 
heterozygosity are not comparable between populations from different studies. 
However, as mentioned above, measures of allelic richness could solve the 
problem of unequal sample size. Since gene drift is negatively related to effective 
population size (Ne) (Conner and Hartl 2004), and a higher number of alleles 
may indicate a larger and more continuous population, and the vice versa. So 
from allelic richness data, my study implied that the Swedish population of Black 
grouse still maintained a relative high level and may well be genetically defined 
as a continuous population. But, I indeed got a significant positive value of Fis in 
this continuous population, which could be explained by confounding factors. The 
heterozygosity deficiency may be due to either false homozygotes caused by null 
alleles (van Oosterhout et al. 2004) or existence of undetected subpopulation 
structure, a so-called Wahlund effect (Wahlund 1928) or both. 
 
My results also showed that no evidence of genetic structure among the sampled 
individuals and northern Swedish Black grouse may well be regarded as a single 
Management Unit. The most likely explanation for this result is that Black grouse 
have good disperseral abilities in the north Swedish landscape and that gene 
flow would break down potential genetic differentiation through effective dispersal 
activities within population across north Sweden. From an evolutionary 
perspective, the consequence of dispersal results in gene flow, which influences 
the level of genetic variation, local adaptation, and extinction probabilities (Hanski 
and Gilpin 1997; Frankham et al. 2002). The ability of dispersal is actually an 
adaptive life-history strategy of organisms, in some extent alleviating the negative 
effects and ensuring organisms’ viability (Ferrière et al. 2004). From existing 
studies, we know that an average dispersal distance of about 20km has been 
estimated by direct radio-tracking of Black grouse in northern England (Warren 
and Baines 2002) and long distance dispersal events could occasionally happen 
(Storch and Segelbacher 2000). However, habitats of British population of Black 
grouse are considered more fragmented and isolated than in Fennonscandia 
(Höglund et al. 2007). Certain landscape features may facilitate or hamper 
individuals’ movement. It makes sense that black grouse could freely disperse in 
continuous suitable habitats and it seems no habitat or landscape barriers 
causing genetic discontinuities exist in the northern Swedish population. My 
standard genetic analysis suggested a Wahlund effect and hence undetected 
population structure was supposed to exist. This is somewhat surprising since I 
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could not any support for population structure in my study area from GENELAND. 
This is perhaps due to the fact that Black grouse is sex-biased disperser with 
females tending to have longer dispersal distances and greater dispersal rate, 
whereas males are philopartry (Caizergues and Ellison 2002). In the entire 
sample set I studied males and unknown gendered individuals were over 
represented. This may have caused sampling problems. I suggest to enlarge the 
sample size and to separate gender to detect possible sexual differences in 
spatial genetic patterns. 
 
Conclusions 
 
In summary, I found the Northern Swedish Black grouse population maintained a 
fairly high genetic diversity. No evident of population structure was detected. 
Therefore, the overall northern population should be treated as a single 
Management Unit. This may suggest that genetic connectivity among 
subpopulations is not constrained by landscape and habitats features, which are 
still continuous and suitable for Black grouse’s long time sustainability in the 
region. 
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Appendix. References are PH (Piertney and Höglund 2001), S (Segelbacher et 
al 2000), G (Gibbs et al 1997), C (Cheng unpublished). 
 
Multiplex Loci Primer sequences (5’–3’) motif Primer 

conc 
Length Accession 

No. 
Ref 

 

ADL230 

F: FAM GCCAAATAGTAATCCACTGC 
R: TCGCTCTTGCCATTGTAAGT 

(TG)17    
G01650 

 
C 
 

1 

ADL257 

 
F: ATCTTGAAACCTCACAAAGC 
R: HEX TCTTCCAACCTATTTTTAGT 

 
(CA)14(CA
A)10 

   
G01677 

 
C 

 

ADL142 

 
F: HEX CAGCCAATAGGGATAAAAGC 
R: CTGTAGATGCCAAGGAGTGC 

 
(AC)11AG(
AC)7 

   
G01567 

 
C 

 

ADL184 

 
F: GCCTCCTCACCCACAAAACC 
R: FAM TCAGTAACACCACGAATGCC 

 
(AC)11 

   
G01606 

 
C 

2 

BG 18 

 
F: CCATAACTTAACTTGCACTTTC 
R: CTGATACAAAGATGCCTACAA 

    
AF381551 
 

 
PH 

 

BG 15 

 
F: AAATATGTTTGCTAGGGCTTAC 
R: TACATTTTTCATTGTGGACTTC 

    
AF381549 
 

 
PH 

 

BG 16 

 
F: GTCATTAGTGCTGTCTGTCTATCT 
R: TGCTAGGTAGGGTAAAAATGG 

    
AF381550 

 
PH 

 

LEI098 

 
F: CAGTTAGCAGAGATTTTCCTAC 
R: TGCCACTGATGCTGTCACTG 

    
X82860 

 
G 

 

TUT 1 

 
F: GGTCTACATTTGGCTCTGACC 
R: ATATGGCATCCCAGCTATGG 

    
AF254653 
 

 
S 

3 

TUT 2 

 
F: CCGTGTCAAGTTCTCCAAAC 
R: TTCAAAGCTGTGTTTCATTAGTTG 

    
AF254654 
 

 
S 

 

TUT 3 

 
F: CAGGAGGCCTCAACTAATCACC 
R: CGATGCTGGACAGAAGTGAC 

    
AF254655 
 

 
S 

 

TUT 4 

 
F: GAGCATCTCCCAGAGTCAGC 
R: TGTGAACCAGCAATCTGAGC 

    
AF254656 
 

 
S 
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