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1. INTRODUCTION 

Semi-natural grasslands are communities of natural biota, which emerged from 
forest through pastoralism and arable farming approximately 7500–6800 years 
ago in Europe (Hejcman et al. 2013; Dengler et al. 2014). They harbour a large 
part of Europe’s biodiversity and hold the world records for small-scale (e.g. 
10×10 cm) plant species richness (Quétier et al. 2007; Wilson et al. 2012; 
Chytrý et al. 2015). There are several types of semi-natural grasslands varying 
in levels of soil pH and moisture (e.g. dry calcareous grasslands, heaths, coastal 
meadows, flooded meadows). Most species-rich are dry and semi-dry basiphi-
lous grasslands due to their large species pool (Pärtel 2002; Dengler et al. 
2014). In addition to high plant diversity, they are important habitats for a large 
variety of bird and invertebrate species (Newton 2004; Öckinger & Smith 
2006). Semi-natural grasslands offer also multiple ecosystem services (e.g. 
carbon sequestration, pollination, livestock provision and tourism; Gallai et al. 
2009; Hönigová et al. 2012). 

Moderate and continuous human influence has played a major role in the 
development and maintenance of extensive grassland areas in Europe (Poschlod 
& WallisDeVries 2002; Pärtel et al. 2007; Dengler et al. 2014). Historical 
continuous management (i.e. grazing or mowing) favoured the connectivity and 
seed dispersal among grassland patches, resulting in viable species-rich plant 
communities (Lindborg & Eriksson 2004; Helm et al. 2006). In addition to 
landscape-scale factors, the diversity of semi-natural grasslands is influenced by 
local abiotic conditions and biotic interactions. For example, grazing or mowing 
reduces the light competition between herbaceous species due to biomass 
removal (Bakker et al. 2006; Jacquemyn et al. 2011), allowing a high number of 
species to coexist (Pärtel et al. 1999; Dengler et al. 2014). Continuous manage-
ment is also needed for preventing the encroachment of shrubs as they compete 
with herbaceous plants for light, nutrients and space (Limb et al. 2010; Miwa & 
Reuter 2010). At the same time, moderate cover of shrubs can increase species 
diversity, for instance by offering shade from the sun, or by serving as a grazing 
refuge (Pihlgren & Lennartsson 2008). For example, in Estonia, low shrub 
cover of up to 30% is recommended as desirable state for species-rich dry 
calcareous grassland habitats (Helm 2011), however, its effect on species rich-
ness and composition is not yet thoroughly studied. Moreover, shrubs are found 
to increase the above- and below-ground habitat environmental heterogeneity 
(Pärtel & Helm 2007). Also, the variability of soil depth can change the 
temporal availability of soil nutrients and water (Fridley et al. 2011). The 
influence of environmental heterogeneity on plant diversity is presumed to be 
positive according to niche theory (Tilman 1982; Clark et al. 1998), however 
heterogeneity at the plant neighbourhood scale (i.e. centimetres) can have a 
negative effect on species richness (Pausas & Austin 2001; Tamme et al. 2010; 
Laanisto et al. 2013). Consequently, landscape- and local-scale factors are often 
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intertwined, but their direct and indirect influences on local plant species rich-
ness have rarely been explored in semi-natural grasslands. 

Semi-natural grasslands prevailed in Europe until the end of 19th century 
(Luoto et al. 2003), but during the last hundred years there has been a drastic 
reduction in grassland area around 90% and in some regions even more, 
depending on their land-use history (WallisDeVries et al. 2002; Pärtel et al. 
2005; Dengler et al. 2014). Former extensive areas of semi-natural grasslands 
have been lost due to the cessation of traditional management, conversion to 
arable fields, afforestation and urbanization (Eriksson et al. 2002; Poschlod & 
WallisDeVries 2002; Adriaens et al. 2006). In most of Europe only small 
isolated habitat patches have preserved within a matrix of mainly forest and 
agricultural land. Remaining fragments are often characterized by poor habitat 
quality due to the lack of grazing and influx of nutrients from direct fertilization 
or indirect nutrient deposition through atmosphere and from nearby arable fields 
(Bobbink et al. 2010). Present-day small and degraded grassland fragments do 
not support the dispersal between habitat patches and can lead to extinction of 
the remaining populations without effective restoration and conservation 
practices (Ovaskainen & Hanski 2002). It has become more evident that resto-
ration and conservation efforts based on ecological theories are needed for 
successful biodiversity protection (Perring et al. 2015; Török & Helm 2017). 
Firstly, it is important to know exactly which factors influence the development 
and maintenance of semi-natural grasslands. 

In biodiversity restoration and conservation it is also essential to consider 
that species extinction might not occur immediately after rapid environmental 
perturbations due to the slow intrinsic dynamics of populations. This creates an 
‘extinction debt’ in the community, i.e. a number of extant specialist species of 
the focal habitat are expected to eventually become extinct as the community 
reaches a new equilibrium after environmental disturbance (Tilman et al. 1994; 
Kuussaari et al. 2009). Therefore, one has a risk to overestimate the status and 
conservation value of habitats when disregarding the possible occurrence of 
extinction debt. Extinction debt has been usually deduced from the relationship 
between specialist species number and habitat area/connectivity: there is an 
extinction debt in the community when current species richness of specialists is 
significantly related to historical but not to current habitat area/connectivity. 
The extinction debt occurs more probably in landscapes characterised by area 
loss up to 90% (Cousins 2009). In landscapes where land-use and habitat loss 
has been more intensive, and extinction debt is probably already paid (i.e. 
species have gone extinct), significant relationship between current species rich-
ness of specialists and current habitat area is expected (Helm et al. 2006; 
Cousins et al. 2007; Kuussaari et al. 2009). For instance, a study from Estonia, 
where 30% of the grassland area had remained, estimated that approximately 
40% of calcareous grassland specialist species are yet to go extinct due to the 
onset of habitat loss in the 1930s (Helm et al. 2006). At the same time, Adriaens 
et al. (2006) could not identify the extinction debt in calcareous grasslands in 
Belgium, as only 2% of the original habitat area had preserved. 
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All species are not equally susceptible to land-use changes. Generalist 
species are expected to be less affected by loss of semi-natural grasslands than 
species specialised to a particular habitat type (Warren et al. 2001). Suscepti-
bility depends also on species functional traits related to their dispersal, es-
tablishment, persistence and reproduction abilities (Aguilar et al. 2006; Walker 
& Preston 2006; Lindborg 2007; Saar et al. 2012). For example, good dispersal 
ability can be a disadvantage in highly fragmented landscape, as there is a 
higher chance to disperse into an unsuitable matrix (Lindborg et al. 2012). 
Therefore, long life-span and clonal reproduction are considered to be beneficial 
for long-term persistence (Lindborg et al. 2012; but see Marini et al. 2012). 
Different susceptibility of species to land-use changes can lead to shifts in 
community mean trait values. Moreover, land-use changes can alter functional 
diversity of semi-natural grasslands (i.e. the variability of functional traits in an 
assemblage of organisms; Suding et al. 2008; Mason & de Bello 2013). Func-
tional diversity has been linked with the maintenance of ecosystem processes 
and properties (Tilman et al. 1997; Girão et al. 2007; Gagic et al. 2015). 
Functional diversity is expected to decline due to a decrease in species richness 
and habitat filtering in altered landscapes (Sonnier et al. 2014), however, some 
studies have shown that it can also be delayed in response to rapid habitat loss 
similarly to taxonomic diversity (Vandewalle et al. 2014). Large-scale com-
parison of taxonomic diversity and functional characteristics in habitats where 
extinction debt is either paid or not can reveal valuable information about future 
changes in community composition and determine which species are most 
susceptible to land-use change. This in turn helps to make better decisions for 
habitat restoration and conservation. 

Although many species characteristic to European semi-natural grasslands 
are threatened and declining, there are a number of exotic and invasive species, 
but also native species from other habitat types, i.e. native ‘aliens’ (Valéry et al. 
2009; Jackson & Sax 2010; Helm et al. 2015) that can benefit from altered con-
ditions. Therefore, total species richness may not change or can even increase 
despite of the vast habitat loss and degradation, but at the same time, the habitat 
integrity (i.e. how characteristic is the habitat compared to its historical state 
prior extensive area and habitat quality loss) and conservation value decrease 
(Helm et al. 2015). Due to the ongoing degradation of European traditional 
landscapes, some ecosystems have diverged so much from their original en-
vironmental conditions and species composition that they can be considered 
hybrid (i.e. likely reversible to historical state) or novel (i.e. irreversible to 
historical state) ecosystems (Hobbs et al. 2014). A thorough evaluation of the 
level of degradation is needed to understand whether and how to intervene 
when faced with such highly altered habitats: should one try to restore them, 
abandon them or value them as they are. 

In this thesis I firstly covered the shortcomings in the knowledge of which 
factors determine the high small-scale plant species richness in semi-natural dry 
calcareous grasslands. I quantified the direct and indirect influence of historical 
landscape-scale factors and local environmental conditions on plant species 
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richness, and the effect of low-cover shrub encroachment (i.e. up to 30%) on 
specialist and generalist species of dry calcareous grasslands in Estonia (I, II). 
Secondly, I assessed the status of dry to mesic grasslands in central and 
northern Europe in the light of vast land-use changes during past century (III, 
IV). I detected in which regions the habitat specialists have already gone extinct 
and where they temporarily persist despite of the unfavourable environmental 
conditions, creating an extinction debt in the community (III). I identified 
which functional traits and environmental requirements characterise specialist 
species that are most likely to disappear from European grasslands following 
the payment of extinction debt. I also found out how the functional diversity of 
these grasslands responds to habitat loss, and whether the total species richness 
and composition differs in regions where extinction debt is ‘paid’ or ‘unpaid’ 
(III). In addition, I used a unique dataset compiled in 1920s to compare the 
historical and current taxonomic and functional diversity in northern Estonian 
semi-natural dry calcareous grasslands. I also identified which species can sur-
vive in these highly altered communities and assessed the habitat integrity of 
current grassland patches compared to their historical state prior to extensive 
area and habitat quality loss (IV). Finally, based on my study results, I gave 
implications for habitat restoration and conservation. I provided new perspec-
tives on how to manage habitats (a) where the extinction debt is unpaid, and (b) 
where extinction debt is already paid and environmental conditions highly 
altered (I, II, III, IV). 
 
 
The objectives of this doctoral thesis were: 
 
(1) To determine the drivers of small-scale plant species richness in semi-

natural dry calcareous grasslands (I, II). More precisely I aimed to clarify: 
 

 How small-scale species richness in dry calcareous grasslands is 
related to landscape conditions, and local environmental variables and 
their heterogeneity (I)? 

 
 How does low shrub cover affect the small-scale specialist and gene-

ralist plant species richness in visually well-preserved dry calcareous 
grassland patches (II)? 

 
(2) To assess the current status of semi-natural dry to mesic grasslands in 

central and northern Europe (III, IV). More precisely I asked: 
 
 In which dry to mesic grassland systems in central and northern Euro-

pe the extinction debt is already paid and where it still exists (III)? 
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 Which functional traits and environmental requirements characterise 
specialist species that are most likely to disappear from European 
grasslands following the payment of extinction (III)? 

 
 How functional diversity responds to habitat loss and how taxonomic 

diversity differs between regions where extinction debt is paid or 
unpaid (III)? 

 
 How does the taxonomic and functional diversity, and habitat integrity 

of current highly degraded dry calcareous grassland remnants in 
northern Estonia differs from their historical status (IV)? 

 
 Which functional traits and environmental requirements characterise 

species that can survive (‘winners’) in highly altered dry calcareous 
grassland remnants (IV)? 

 
(3) To give implications for the restoration and conservation of semi-natural 

dry to mesic grasslands with different level of degradation (I, II, III, IV). 
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2. MATERIALS AND METHODS 

2.1. Study sites and data collection 
For testing the direct and indirect relationships between environmental variables 
and small-scale species richness semi-natural dry calcareous grasslands were 
studied. Thirty-three individual grasslands, representing almost all ungrazed but 
yet well-preserved habitat patches currently present on the Estonian islands of 
Saaremaa and Muhu were selected (Fig. 1C, Fig. 2). In Estonia, dry calcareous 
grasslands, also called alvar grasslands, are located on Ordovician and Silurian 
limestone bedrock, and characterised by thin soil, low-biomass herbaceous 
layer, and sparsely distributed Juniperus communis shrubs. For describing the 
small-scale species richness and environmental parameters, a single transect of 
0.1×10 m in each grassland was established. Each transect was divided into 100 
plots of 10×10 cm (Fig. 2C). In each plot vascular plants, soil pH, soil tem-
perature, soil moisture, soil electrical conductivity, relative light availability and 
soil depth were recorded. Shrub cover was measured in a 1 m (II) and 2 m (I) 
buffer zones around each transect. Landscape-scale variables, past human 
population density and historical habitat availability, were estimated for a 5 km 
radius around each grassland site (for details see Table 1 in I). 

To estimate the current status of semi-natural dry to mesic grassland systems 
in central and northern Europe, data collected from Belgium, Denmark Jutland 
and Zealand regions, Estonia, Finland, Germany, Latvia Abava and Zemgale 
regions, and Swedish mainland and Gotland were used (Fig. 1A). The habitat 
loss in those regions has been around 90% or more. In total, 493 grassland sites 
were included from 10 different regions (see Table 1 in III). For each grassland 
site the habitat area (ha) and total plant species richness were obtained. Species 
richness was divided into specialist and generalist plant species by local data 
contributors according to their expert knowledge and locally available infor-
mation. Detailed information about the studied regions can be found in Table 1 
in III. 

For comparing the taxonomic and functional diversity as well as habitat 
integrity in historical and current highly degraded dry calcareous grassland rem-
nants a unique historical dataset collected during 1918–1923 by Estonian 
botanist Gustav Vilbaste (Vilberg 1927) was used. Historical data were avail-
able for eight dry calcareous grassland stands located in northern Estonia (Fig. 
1B). The data included maps (scale 1:84 000), descriptions of sampling loca-
tions, grassland descriptions and detailed vegetation surveys. The presence/ 
absence data of current plant species from exactly the same locations were 
gathered during five summers in 2008–2012. For compiling the historical and 
current species lists the species found from whole habitat area in each site were 
included. At present these grasslands are highly degraded due to eutrophication, 
cessation of traditional management and urbanisation, and have lost ~90% of 
their habitat area. 
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Figure 2. (A) Currently ungrazed but yet well-preserved dry calcareous grassland on 
Saaremaa island, Estonia. (B) Fieldwork in Võiküla dry calcareous grassland, Muhu 
island, Estonia for describing the small-scale (10×10 cm) species richness and environ-
mental parameters. (C) Example of a 10×10 cm plot in a transect of 0.1×10 m. (I, II) 
 
 

2.2. Small-scale species richness and  
environmental heterogeneity 

Small-scale species richness was quantified as the mean total species number of 
the 10×10 cm plots per transect (I, II). In paper II, the total richness was 
divided into specialist and generalist species. Specialist species were defined as 
species that grow preferably on calcareous alvar grasslands and are rarely pre-
sent in other communities. All other species were designated as generalists. 

For studying the effect of local environmental heterogeneity on species rich-
ness the coefficient of variation (standard deviation divided by the mean; CV) 
was calculated, for each measured environmental variable. In paper I, the CV of 
soil moisture, temperature, electrical conductivity and pH were combined 
together into one measurement by using a principal component analysis (PCA). 
The scores of the first axis of the PCA were used as indicators of soil environ-
mental heterogeneity in each site (for details see Table 1 in I). CV of relative 
light availability was used separately. In paper II, soil moisture, temperature, 
pH and relative light heterogeneity were used separately. Electrical conductivity 
data were left out from the analysis as it was strongly correlated with soil 
moisture. 

B

C

A
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2.3. Extinction debt and species susceptible to habitat loss 
The existence of extinction debt was tested by studying the relationship between 
current species richness of specialists and current habitat area. The extinction 
debt likely occurs in regions where habitat specialist species richness is not 
related to current habitat area, whereas in regions without extinction debt the 
relationship between the number of specialist species and current habitat area is 
significant (Cousins et al. 2007; Kuussaari et al. 2009). Only specialist species 
were used for detecting the extinction debt, as generalists are expected to be less 
affected by grassland area and quality loss (Warren et al. 2001; Krauss et al. 
2010; III). 

To identify which specialist species are most likely to disappear after the 
payment of extinction debt the following ten functional traits and species’ en-
vironmental requirements (hereafter species characteristics) were used, which 
describe species dispersal, establishment, competitive, persistence and repro-
duction abilities, and their habitat preferences: (1) maximum potential dispersal 
distance (m), (2) seed weight (mg), (3) plant height (cm), (4) specific leaf area 
(SLA; mm²/mg), (5) life span (annual-biennial, perennial), (6) mode of repro-
duction (vegetative reproduction absent or rare, vegetative reproduction pre-
sent), (7) flowering duration (months), (8) pollination vector (insect/other), (9) 
species light requirement (Ellenberg L), and (10) species preference for nutrient 
conditions (Ellenberg N). Three categorical traits, life span, mode of repro-
duction and pollination vector, were employed as binary 0/1 variables. Maxi-
mum potential dispersal distance (m) values for each species were acquired via 
predictive modelling using the dispeRsal function (Tamme et al. 2014). All 
other species characteristics were extracted from databases (for detailed infor-
mation see Material and methods in III, IV). Species characteristics community 
mean values (i.e. average trait or environmental requirement value of all species 
found at one site, not weighted by species abundance as we only had species 
presence/absence data available; Dias et al. 2013) were compared between 
grassland systems where extinction debt is paid or unpaid. Community mean 
values were calculated for each site with the ‘FD’ package (Laliberté et al. 
2014) in R, version 3.1.3 (R Development Core Team 2015; III). 
 
 

2.4. Taxonomic and functional diversity 
Species richness, i.e. the total number of vascular plant species from each grass-
land site was used, to compare taxonomic diversity between regions where 
extinction debt is paid or unpaid (III), and between historical and current highly 
degraded grassland communities (IV). Also log-ratio of generalist to specialist 
species was used for characterizing the differences in species composition in 
regions where extinction debt is paid or unpaid (III). Grassland specialists were 
defined as species that are characteristic to studied grassland type and for which 
the grasslands are main habitat types. 
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To study how functional diversity is related to habitat area in regions where 
extinction debt is paid or unpaid the same species characteristics were used as 
described above. Functional diversity was calculated as a mean pair-wise 
distance of all possible species pairs (MPD; Pavoine & Bonsall 2011) based on 
the Gower distance (Gower 1971; modified by Podani 1999). MPD was chosen 
as it is shown to be intrinsically independent of species richness (e.g. de Bello et 
al. 2016). Functional diversity values were computed separately within each 
studied region in central and northern Europe and for each species characteristic 
individually (III). Same method was used also for comparing the historical and 
current functional diversity in northern Estonian dry calcareous grasslands (IV). 
Most of the species characteristics were the same as described above, except 
dispersal distance and pollination vector. Instead of these two species charac-
teristics dispersal vector (animal/other), seed number per shoot and terminal 
velocity (m/s²) were used in paper IV. 
 
 

2.5. Change in habitat integrity and species that can 
survive in degraded grassland remnants 

To assess the habitat integrity of historical and current highly altered dry calca-
reous grassland patches in northern Estonia an Index of Favourable Conserva-
tion Status (FCSi) was used, which is a log-ratio of characteristic to derived 
diversity (Helm et al. 2015). ‘Characteristic diversity’ is defined as the number 
of species that are typical to a given community and belong to its historically 
developed habitat-specific species pool. ‘Derived diversity’ consists native 
and/or non-native species not typical to a given community and whose presence 
is driven by adverse human impact. Therefore, the more derived and less 
characteristic is the diversity, the lower is the habitat integrity. 

To find out which species can colonise and survive in present-day highly 
altered grassland patches in northern Estonia historical and current species 
presence/absence data were compared (IV). Firstly, species were divided into 
five groups: (1) new species – i.e. species that were not listed in historical 
dataset in any of the sampled grasslands, (2) increasing species – species whose 
occurrence increased by at least two sites, (3) stable species – species whose 
occurrence has remained the same or increased/decreased by one site, (4) 
decreasing species – species whose occurrence has decreased by at least two 
sites, and (5) locally extinct species – species that were listed in historical 
dataset, but are currently absent. For groups 2 and 4, threshold of two sites was 
selected as species colonization to or extinction from only one site could be 
random event or a failure to detect species that are actually present. Further, two 
groups were compiled: ‘winners’, consisting new and increasing species (i.e. 
species considered to have benefited from recent environmental changes), and 
‘losers’, consisting of all decreasing and locally extinct species (see Fig. 3 in 
IV). After that the species characteristics community mean values of winners 
and losers described above were compared. 
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2.6. Statistical analysis 
Structural equation modelling (SEM) was used to test the direct and indirect 
influence of landscape conditions and local environmental factors on total 
species richness, and low shrub cover on specialist and generalist species. SEM 
was performed using the IBM SPSS Amos ver. 19 statistical software (Arbuckle 
2010; I, II). Only variables with significant relationships are shown. Overall 
model fit was assessed using the chi-square statistic (χ²). A model can be 
accepted when the P-value associated with a χ² is insignificant (Grace 2006). 

In order to detect the existence of extinction debt the relationship between 
the richness of specialist species and current habitat area was analysed with 
simple regression models. After that linear mixed effect models for regions 
where extinction debt is paid or unpaid were used to link specialist species 
richness, and functional diversity to habitat area (III). Specifically, a random 
intercept model was used, where region was included as a random effect. Also, 
the random intercept and slope model was tested, where both region and habitat 
area were included as random effects to allow regions to differ in the slopes of 
their responses and to account for the non-independence of data points that 
otherwise might pseudoreplicate slope information (Schielzeth & Forstmeier 
2009). Models were estimated using the lme function in package nlme (Pinheiro 
et al. 2013) in R (R Development Core Team 2015). Further, the models AIC 
values were compared with the analysis of variance (anova) and only the results 
of the best models are shown. Random intercept model was chosen when the 
difference between the two models was insignificant. Random intercept and 
slope model was chosen when the difference between the two models was signi-
ficant. Specialist species characteristics community mean values, total species 
richness and log-ratio of generalist to specialist species between regions where 
extinction debt is paid or unpaid were also compared with mixed effect model. 
Region was included as a random effect (III). 

The total species richness, functional diversity and FCSi values of current 
and historical communities were compared with paired t-test. Same method was 
used to compare the species characteristics community mean values of winners 
and losers. Analyses were conducted with R, version 3.1.3 (R Development 
Core Team 2015; IV). 

Prior to all the analyses species richness, landscape- and local-scale vari-
ables, habitat area and functional traits were log transformed, inverted, or 
square root transformed if deemed necessary to meet the normality criteria. 
Paired t-tests and linear mixed effect models were considered significant at  
P < 0.05. 
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3. RESULTS 

3.1. Drivers of small-scale species richness 
The structural equation model incorporating landscape conditions (past human 
population density and historical habitat availability) and the local environ-
mental factors explained 49% of the variation in small-scale total species rich-
ness (Fig. 3A). Historical landscape habitat availability had a direct positive 
effect on total species richness. Past human population density had an indirect 
positive effect on total species richness by increasing historical landscape habi-
tat availability (Fig. 3A; see Table 3 in I). At local-scale, light heterogeneity 
and shrub cover (up to 40%) had a direct positive influence on total species 
richness, whereas soil environmental heterogeneity decreased species richness. 
Shrub cover also increased species richness indirectly via its effects on light 
heterogeneity, and at the same time decreased species richness indirectly by 
increasing soil environmental heterogeneity. Soil depth heterogeneity had also 
indirect negative effect on species richness by strongly increasing the soil en-
vironmental heterogeneity (Fig. 3A; see Table 3 in I). 

Low shrub cover (up to 30%) had no effect on the richness of specialist spe-
cies (Fig. 3B; see Table 1 in II). At the same time shrub cover increased gene-
ralist species richness both directly and indirectly via light heterogeneity (Fig. 
3C; see Table 1 in II). Other environmental factors such as soil moisture, pH, 
and temperature were not significantly related to shrub cover nor generalist 
richness. 
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Figure 3. Structural equation models relating landscape conditions and local environ-
mental factors with (A) total species richness, (B) specialist species richness, and (C) 
generalist species richness (I, II). Single-headed arrows indicate direct causal effects 
and double-headed arrows indicate partial correlations. The non-standardized and stan-
dardized coefficients associated with each path are shown only for the significant 
relationships; also marked with asterisks (*). The width of the arrow is proportional to 
the effect of the variable. Solid lines indicate positive, dashed lines negative relation-
ships. The models were statistically significant (A) χ² = 9.484, P = 0.487, (B) and (C)  
χ² = 0.54, P = 0.46. Modified from Fig. 3 in I and Fig. 5 in II. 
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3.2. Occurrence of extinction debt and  
species susceptible to habitat loss 

The richness of specialist species was significantly related to current grassland 
area in Belgium, Denmark Jutland and Zealand regions, Finland, Germany and 
Latvia Zemgale region (Fig. 4A; see Appendix S1 in III). In Estonia, Latvia 
Abava, Swedish mainland and Gotland current habitat area proved to be poor 
predictor of grassland specialist richness (Fig. 4B; see Appendix S1 in III), 
indicating the existence of extinction debt in those regions. Specialist species 
appeared to have shorter dispersal distance in the regions where extinction debt 
is paid (mean 18.33 m) than in regions with extinction debt (mean 29.95 m; t =  
-3.33, P = 0.009; see Fig. 3 in III). All other community mean values of tested 
species characteristics showed no differences between regions (Appendix S2 in 
III). 
 

 
Figure 4. Relationship between habitat area and (A) specialist species richness in Euro-
pean calcareous grasslands where extinction debt is paid, (B) specialist species richness 
in regions where extinction debt is unpaid (III). Tested with linear mixed effect models, 
where region was included as a random effect. For illustration, regression lines are fitted 
based on separate linear regressions for each region. Modified from Fig. 2 in III. 
 
 

3.3. Functional and taxonomic diversity in regions where 
extinction debt is paid or unpaid 

The diversity of specialist species specific leaf area, flowering duration and 
Ellenberg N were positively related to habitat area in regions where extinction 
debt was paid (t = 3.22, P = 0.001; t = 2.30, P = 0.02; t = 3.93, P = 0.0001 
accordingly) and insignificant in regions where extinction debt is unpaid, in-
dicating their possible delayed response to habitat loss. Other functional 

−2 −1 0 1 2

Habitat size (ha, log)

0

0.5

1

1.5

2

S
pe

ci
al

is
ts

 r
ic

hn
es

s 
(lo

g)

●

●
●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

● ●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●●

●
●

●
●

●

●

●

●

●●
●

●

●
●

●

● ●
●

●

●

●

●

●

●

●

●

●●●
●

●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●● ●
●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

● Belgium
● Denmark Jutland
● Denmark Zealand
● Finland
● Germany
● Latvia Zemgale

A t = 9.1, P < 0.0001

Extinction debt paid

−1 0 1 2 3

Habitat size (ha, log)

0

0.5

1

1.5

2

●

●

●
●

●
● ● ●

●

●
●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●●

●

●

●

●
●

●

● ●

●

●
●

●

●

●

●

●
●●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●
●

●
●

●●

●

●
●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●
●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

● Estonia
● Sweden mainland
● Gotland
● Latvia Abava

B t = 0.3, P = 0.77

Extinction debt unpaid



21 

diversity values of specialist species were not related to habitat area in any of 
the regions (see Table 2 in III). 

Total species richness per site did not differ between regions where the 
extinction debt is paid or unpaid (t = -0.54, P = 0.60). There were on average 55 
species in regions where the debt is already paid and 47 species in regions 
where extinction debt still exists. However, the ratio of generalists to specialists 
was higher in regions where extinction debt is paid, indicating that there are 
relatively more generalist species and less specialists in those regions, compared 
to grasslands where extinction debt is unpaid (t = 2.35, P = 0.04; III). 
 
 

3.4. Comparison of historical and current highly  
degraded grasslands in northern Estonia 

Species richness per site in northern Estonian dry calcareous grasslands was 
significantly greater in current than in historical records (t = 3.99, df = 7, P = 
0.005; Fig. 5). Four traits (seed weight, dispersal type, SLA, terminal velocity) 
showed increased functional diversity in current communities, whereas functio-
nal diversity of plant height had decreased (Table 1). There was no change in 
the functional diversity of other studied species characteristics. Compared to the 
losers, winners had a shorter life span, longer flowering duration, heavier seeds, 
more seeds per shoot, higher terminal velocity, taller height, lower light require-
ment and higher soil fertility requirement (Table 1). There were 66 increasing 
and 104 new species among winners. All new colonisers were native to Esto-
nian flora (IV). 
 

 
 
Figure 5. Differences between current and historical plant communities SR – species 
richness and FCSi – index of Favourable Conservation Status at the study sites (IV). The 
dotted line indicates no difference, results > 0 indicate current higher values and < 0 
current lower values. SR was higher in current grasslands (P = 0.005) and FCSi was 
lower in current grasslands (P = 0.004). Modified from Fig. 4 in IV. 
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Index of Favourable Conservation Status (FCSi; i.e. log-ratio of characteristic to 
derived diversity) is today significantly smaller than 90 years ago (t = -4.098,  
df = 7, P = 0.004; Fig. 5), indicating a considerable decline in habitat integrity 
and conservation value despite the increase in total number of species. Histo-
rically there were on average 35 derived species per site, whereas in current 
communities the average number of derived diversity is 75. The mean number 
of characteristic species had not changed significantly in time; both historical 
and current communities contain about 60 characteristic species per site (IV). 
 
 
Table 1. Results of paired t-tests comparing current and historical functional diversity 
(calculated as mean pairwise distance), and winners and losers’ community mean trait 
values (IV). Statistically significant tests (P < 0.05) are marked in bold. Three cate-
gorical traits were coded 0/1 for binary representation. Modified from Table 1 in IV. 
 

Species characteristics 
Current vs. historical 
functional diversity 

Winners vs. losers 
community mean values 

t df P t df P 

Dispersal vector (animal/other) 3.10 7 0.01 1.52 7 0.17 
Seed number per shoot (log) 1.84 7 0.10 15.14 7 <0.0001 
Terminal velocity (log) (m/s²) 3.25 7 0.01 6.59 7 0.0003 
Seed weight (log) (mg) 2.48 7 0.04 7.19 7 0.0001 
Flowering duration (months) 1.76 7 0.12 4.34 7 0.003 
Mode of reproduction (vegetative 
reproduction absent or 
rare/vegetative reproduction 
present) 

0.09 7 0.92 -1.57 7 0.15 

Life span (annual-
biennial/perennial) 1.98 7 0.08 -3.02 7 0.01 

Plant height (log) (cm) -3.05 7 0.01 12.35 7 <0.0001 
Specific leaf area (log) (mm²/mg) 3.09 7 0.01 0.21 7 0.83 

Ellenberg L 2.19 7 0.06 -5.96 7 0.0005 
Ellenberg N 1.50 7 0.17 9.85 7 <0.0001 
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4. DISCUSSION 

4.1. Drivers of semi-natural dry calcareous  
grasslands diversity 

The high small-scale plant diversity of semi-natural dry calcareous grasslands is 
driven by a combination of landscape- and local-scale factors. Structural equa-
tion modelling revealed their direct and indirect effects on species richness and 
confirmed that the effect of regional and local factors is complementary rather 
than mutually exclusive (I). Also, low shrub cover (up to 30%) was already 
found to increase the number of generalist species, but it did not yet hinder the 
richness of habitat specialist species (II). 

At the landscape scale, current species richness was significantly related to 
historical habitat availability, which in turn was highly dependent on past 
human population density (I). Previous studies have also shown that patterns of 
land-use intensity from the Iron Age (1200 BC–1 BC) and onwards have 
contributed significantly to the diversity of local species pools, and thereby to 
the species richness of grassland communities (Bruun et al. 2001; Pärtel et al. 
2007). Therefore, the long-lasting sustainable management and extensive grass-
land areas are essential for the development and maintenance of species-rich 
grassland communities. 

At the local scale, the shrub cover (up to 40%) had a direct positive effect on 
total plant diversity, supporting the previous findings that moderate shrub cover 
can promote plant species coexistence at small spatial scales (Pykälä et al. 2005; 
Pihlgren & Lennartsson 2008; I). Shrubs can have facilitative abilities, especial-
ly in habitats with harsh environmental conditions, by creating suitable micro-
habitats for germination; by changing nutrient quantity, availability, and 
variability; by transforming soil chemical composition, offering wind shelter, 
protecting from herbivores, or changing the composition of soil microorganisms 
(Callaway 2007; Franco & Nobel 1989). Shrubs also influenced species rich-
ness indirectly by increasing light variability and soil environmental hetero-
geneity, although the latter was mostly determined by the soil depth variability. 

Light heterogeneity in turn had a significant positive influence on species 
richness (I), probably because it allows the coexistence of light- and shade-
demanding species (Valladares 2003; Rūsiņa et al. 2013). At the same time 
belowground small-scale environmental heterogeneity lowered species richness 
(I). Novel explanations such as microfragmentation theory, have been proposed 
to explain the counterintuitive negative diversity-heterogeneity relationship 
(Tamme et al. 2010). Microfragmentation is a community influencing process 
of changing habitat into a more heterogeneous environment that can have nega-
tive effects on the diversity through habitat loss and subsequent isolation, oc-
curring at the plant neighbourhood scale (Tamme et al. 2010; Laanisto et al. 
2013). Soil heterogeneity can also alter competitive hierarchies among co-
existing species since plants with large root systems can forage among soil 
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patches, increasing resource competition and lowering species richness (hetero-
geneity as a separate niche axis, sensu Tamme et al. 2010).  

Generalist species richness was influenced by shrub cover (up to 30%) simi-
lar to total species number – directly and indirectly by increasing light hetero-
geneity. Species richness of grassland specialists, however, showed no direct or 
indirect relationship with shrub cover (II). Many species, characteristic to dry 
calcareous grasslands originate from steppe and tundra regions, and are adapted 
to open habitats with good light availability and stressful conditions (Laasimer 
1965), hence do not benefit from the occurrence of shrubs. Previously, Rej-
mánek & Rosén (1992) have found that a juniper cover exceeding 10% already 
decreased the number of habitat-characteristic species in Swedish alvar grass-
lands. However, my results indicate that a shrub cover of 30% can be con-
sidered suitable for the coexistence of habitat specialist and generalist species. 
 
 

4.2. Current status of semi-natural dry to  
mesic grasslands in Europe 

In most of Europe, there are only small and isolated semi-natural grassland frag-
ments left due to considerable land-use changes during the last hundred years. 
We found that in several of the studied regions in central and northern Europe, 
species susceptible to grassland area and quality loss have already gone extinct, 
but in some regions species still persist temporally despite of the unfavourable 
habitat conditions, creating an extinction debt in the community. Although 
many species are threatened, the total species richness did not change after the 
payment of extinction debt and in northern Estonian highly degraded grass-
lands, the diversity had even increased after 90 years. At the same time, integri-
ty of current communities had considerably declined due to the relative decrease 
in the number of habitat characteristic species. 

The extinction debt occurred in four out of ten regions in central and 
northern Europe. In regions where extinction debt is already paid specialist 
species had considerably lower dispersal ability (III). It shows that the hindered 
movement between habitat patches due to unsuitable matrix area and lack of 
dispersal vectors (i.e. domestic and wild animals) in the landscape have led to 
the disappearance of good dispersers (Ozinga et al. 2009; Öckinger et al. 2012). 
Better dispersers may disappear also because of the trade-off between dispersal 
and competitive ability as in current small and low-quality grassland patches 
competitive ability is more advantageous (Westoby et al. 1996; Saar et al. 
2012). 

Similar to species richness, the diversity of specialist species’ specific leaf 
area, flowering duration and Ellenberg N showed possible delayed response to 
habitat loss in central and northern European grasslands, being positively 
related to habitat area in regions where extinction debt is paid and having no 
relationship in regions with a debt (III). Comparison of historical and current 
highly degraded dry calcareous grasslands in northern Estonia also revealed 



25 

probable delayed response of functional traits related to species establishment 
and competitive abilities (IV). Current diversity of seed weight and SLA were 
higher compared to the historical values, although they are expected to decrease 
after the abandonment of grazing management (de Bello et al. 2006; Vande-
walle et al. 2014). Previously, Vandewalle et al. (2014) also found that current 
functional diversity of dry calcareous grasslands in Öland, Sweden is partly a 
legacy from past habitat conditions. At the same time, higher diversity of dis-
persal type may indicate that species with certain dispersal type were histori-
cally favoured, but this limitation has disappeared by now, allowing species 
with differing dispersal type to co-exist. Presumably, dispersal ability does not 
determine species survival in the current highly degraded environment. Only the 
functional diversity of plant height had already decreased in response to ceased 
grazing (IV). 

Despite the loss of habitat area and quality, the total species richness did not 
decrease after the payment of extinction debt in central and northern Europe 
(III), indicating that although some species disappear, others can find a suitable 
habitat in altered communities. In northern Estonian highly degraded grasslands 
the total richness per site had even increased after 90 years as they still contain a 
number of specialists, but also due to the colonization of 104 new species (IV). 
Similar trends have been found in other studies, mostly influenced by the in-
vasion of exotic species exceeding the loss of native species during the ob-
served time period (Abbott et al. 2000; Stohlgren et al. 2008; Ellis et al. 2012). 
However, northern Estonian degraded grasslands were not colonized by exotic 
invaders but by native species from other open habitat types in the sur-
roundings, such as road verges, nutrient-rich cultural grasslands and fallows. 
Species that benefitted from current conditions (i.e. ‘winners’) were characte-
rized by better establishment and competitive abilities, such as heavier seeds, 
more seeds per shoot, higher terminal velocity, longer flowering duration, taller 
height, shorter life-span, higher soil nitrogen preference and lower light require-
ment, which is in accordance with previous findings (e.g. Lindborg et al. 2012; 
Saar et al. 2012; Timmermann et al. 2015). 

Functional traits of winners refer to a change towards less disturbed and 
more fertile habitat conditions during 90 years, which are likely the reasons of 
current higher biodiversity (IV). Historically, the grasslands were relatively 
intensively grazed, limiting community composition to a specific set of species 
i.e. those with high tolerance to continuous high disturbance (Vilberg 1927; 
Petit & Elbersen 2006). This effect is especially pronounced in low productivity 
ecosystems, such as dry calcareous grasslands, where harsh conditions (e.g. thin 
soil and related summer droughts and spring floods) additionally limit the 
number of species able to inhabit these communities (Proulx & Mazumder 
1998; Schultz et al. 2011). Cessation of grazing and influx of nutrients from 
nearby arable fields, through atmospheric nitrogen deposition and/or possible 
direct addition of fertilizers during the agricultural intensification in the 1950s 
has led to increased soil fertility, higher grass layer and litter accumulation, 
which in turn helps to retain soil moisture during summer droughts. This is one 



26 

of the possible explanations why the species richness, which is mostly found to 
decrease in response to nitrogen deposition (Payne et al. 2013), has increased in 
studied grassland patches. The absence of a negative effect of increasing pro-
ductivity may be also related to the fact that in calcareous grasslands the soil 
phosphorous is more limiting factors for plant growth than nitrogen availability 
(Carrol et al. 2003; Diekmann et al. 2014). Consequently, more productive, less 
stressful (i.e. with more optimal moisture conditions) and less disturbed condi-
tions may be conducive to more species in the region, resulting in a shift 
towards more mesotrophic grassland communities (Newton et al. 2012). 

At the same time habitat integrity (i.e. how characteristic is the habitat com-
pared to its historical state prior extensive area and/or habitat quality loss) of 
northern Estonian grasslands had decreased considerably. Current communities 
contained relatively more species that have not been historically characteristic 
to a given habitat than historical communities (IV). This thorough change in 
species composition, coupled with the change in environmental conditions, has 
led to the development of hybrid communities’ sensu Hobbs et al. (2014). Also 
in central and northern European grasslands the relative amount of generalist 
species increased after the payment of extinction debt (III). Therefore, simply 
the total number of species would lead us to erroneous conclusions concerning 
habitat quality (Pärtel 2014; Helm et al. 2015). 
 
 

4.3. Implications for conservation 
Based on the results of my thesis, I provide new implications for restoration and 
conservation of semi-natural dry to mesic grasslands. I found that species rich-
ness is dependent on historical habitat area and connectivity as well as suitable 
local environmental conditions, indicating the importance of considering both 
landscape- and local-scale factors in habitat restoration and conservation (I). 
Results about the effect of low shrub cover on specialist and generalist species 
confirmed that previously recommended 30% shrub cover can be considered 
suitable for the maintenance of specialist species richness and high plant diver-
sity in semi-natural dry calcareous grasslands (II). The findings of this thesis 
also showed that habitat specialists and generalists or characteristic and derived 
diversity need to be separated while studying species response to land-use 
changes in order not to overestimate the habitat quality and conservation value 
(II, III, IV). In addition, I stress the need to consider that habitat loss and 
degradation might not lead immediately to observable changes in biodiversity 
or community composition due to the extinction debt (III). In regions where 
species predicted to eventually become extinct still persist in the habitat patch 
and its vicinity and there have not been alterations in ecosystem functions yet, 
habitat restoration is urgently needed to prevent the loss of susceptible species, 
infiltration of generalist species and change in functional diversity. First, it is 
important to increase habitat quality by resuming the appropriate management 
regime, which reduces the impact of the loss of past grassland area and inhibits 
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the payment of an extinction debt by providing suitable microhabitats and 
eliminating the competition from generalist species (Hylander & Ehrlén 2013; 
Otsu et al. 2017). Second, the study results showed that good dispersers are 
especially susceptible in declining and degrading grasslands, therefore it is 
essential to increase habitat quantity and restore functional connectivity 
between habitat patches (Lindborg & Eriksson 2004; Auffret et al. 2017; Török 
& Helm 2017). The distance to possible seed sources should not be more than 1 
km as it is highly unlikely that migration or gene flow will occur over larger 
distances (Aavik et al. 2013; Prach et al. 2015). Traditional shepherding and 
landscape-scale grazing networks could help to disperse the seeds over longer 
distances, even in greatly fragmented landscape, but is currently uneconomical 
and therefore mostly replaced by stationary paddocks (Fischer et al. 1996; 
Poschlod & WallisDeVries 2002). Finally, increasing the quality of surrounding 
anthropogenic matrices is found to have a significant effect on the recovery of 
viable species populations (Aguilar et al. 2006; Donald & Evan 2006; Öckinger 
et al. 2012). 

Habitat restoration requires comprehensive approach in grassland systems 
where the extinction debt is already paid, the community includes a consider-
able amount of species that do not belong to their historical habitat specific 
species pool and there have been changes in ecosystem functions. For instance, 
in northern Estonian highly degraded dry calcareous grasslands the current 
biotic and abiotic conditions are potentially reversible to their historical state via 
restoration, but as the remnant small grassland patches have become isolated 
from other grasslands in Estonia by more than 100 km, restoration without 
introduction of propagules of specialist species and without re-creating large 
landscape-scale functional connectivity of habitat patches might fail to create 
conditions necessary for long-term persistence of dry calcareous grassland biota 
(Helm et al. 2006; Auffret et al. 2017; IV). Hence, it would be perhaps worth-
while to consider the alternative of managing and maintaining such habitats as 
hybrid or novel ecosystems given that their remaining species richness contri-
butes to the conservation of local biodiversity. The aim would be to avoid 
further habitat loss and extinction of the remaining specialist species by re-
suming the appropriate management regime, improve functional connectivity 
between habitat patches and if possible then reintroduce the propagules of 
locally missing specialist species rather than attempting complete restoration to 
historical state or continuing their abandonment. 

Current landscapes often consist of an increasing number of hybrid and 
novel communities in varying states of degradation (Hobbs et al. 2014). There-
fore, nature conservation and restoration practices should be broadened and 
transcend traditional approaches, by considering also the role of hybrid and 
novel ecosystems in biodiversity protection. However, the priority must be set 
to restoration and preservation of historically developed habitat patches. 
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5. CONCLUSIONS 

The high diversity of semi-natural grasslands has developed during hundreds of 
years in a combination of landscape-scale historical factors and local environ-
mental conditions. During the past century, ~90% of the grassland area has been 
lost due to the intensive management practices, rendering many species vulner-
able to local extinctions. Effective habitat restoration and conservation, based 
on the knowledge from theoretical ecology, is extremely important for pre-
serving the remaining biodiversity. My thesis helps to understand the mecha-
nisms involved in the maintenance of plant species diversity in semi-natural dry 
calcareous grasslands. I also assessed the status of semi-natural dry to mesic 
grasslands in central and northern Europe after vast land-use changes during the 
past century. Finally, I provided new implications for biodiversity restoration 
and conservation of communities where the extinction debt is unpaid or already 
paid and environmental conditions highly altered. 

The results of my thesis showed that different environmental factors can 
have both positive and negative influence on the small-scale species richness of 
dry calcareous grasslands. At the landscape-scale, historical habitat availability 
had a direct and past human population density indirect (via its positive influen-
ce on historical habitat availability) positive effect on species richness. At the 
local-scale, light heterogeneity and shrub cover had a positive direct influence 
on the species richness (I). My results confirmed that a shrub cover of 30% can 
be considered suitable for the coexistence of habitat specialist and generalist 
species (II). In contrast to the positive heterogeneity–diversity relationship we 
found that small-scale soil environmental heterogeneity decreased species rich-
ness (I). These findings indicate that the development and maintenance of 
species-rich grassland communities in Europe depends on the continuous mode-
rate habitat management, availability of extensive grassland areas in the sur-
rounding and suitable local environmental conditions, which should be taken 
into account in the habitat restoration and conservation. 

I detected that in four out of ten European semi-natural dry to mesic grass-
land regions the species predicted to eventually become extinct still persist in 
the grassland patch and its vicinity, despite of the current unfavourable environ-
mental conditions. In six regions, where the extinction debt could not be de-
tected, specialist species appeared to have considerably lower dispersal ability. 
This suggests that species with better dispersal ability are more prone to dis-
appear from European semi-natural grasslands following the payment of extinc-
tion debt. Therefore, in regions where extinction debt is still unpaid, restoration 
of extensive habitat area and functional connectivity is urgently needed to pre-
vent the loss of susceptible species (III). 

In the grassland system, where the extinction debt is already paid and there 
has been a considerable decline in habitat integrity, complete restoration to 
historical state prior extensive area and habitat quality loss might fail. Hence, 
instead of abandoning them, it would be worthwhile to consider managing and 
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maintaining (e.g. avoiding further habitat area and quality loss, improving func-
tional connectivity) such habitats as hybrid or novel ecosystems (i.e. habitats 
out of their historical range) as they are often still species-rich and can contri-
bute to the local biodiversity protection. In the studied European grassland 
regions the total species richness did not change after the payment of extinction 
debt due to the infiltration of generalist species. In northern Estonian highly 
degraded grasslands the species richness had even increased after 90 years as 
they still contain a number of specialist species, but also due to the colonization 
by more competitive and nutrient-demanding native species (III, IV). 

The priority in biodiversity conservation is to restore and preserve the histo-
rical communities as much as possible. However, current landscapes contain an 
increasing number of hybrid and novel communities, more so in light of on-
going land-use and climate change, and not all of them can be restored. In this 
thesis I recommend to consider also the role of highly altered ecosystems (i.e. 
hybrid and novel ecosystems) in biodiversity conservation. I suggest to care-
fully determine the status of the habitat, and to decide whether it is possible and 
reasonable to restore the historical community or manage it as a hybrid/novel 
ecosystem. 
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SUMMARY IN ESTONIAN 

Pool-looduslike niidukoosluste taimede mitmekesisus:  
kõrge liigirikkuse taganud tegurid, praegune seisund ja 

looduskaitselised väljakutsed 

Pool-looduslikeks kooslusteks ehk pärandkooslusteks loetakse loodusliku elus-
tikuga kooslusi, mis on kujunenud kestva niitmise või karjatamise tulemusel 
ning mida pole mõjutatud kündmise, heinaseemne külvamise ega väetamisega. 
Suur osa Euroopa soontaimede liigirikkusest on seotud just pool-looduslike 
maastikega ning väikesel skaalal on nad erakordselt liigirikkad ka kogu maa-
ilma mastaabis. Näiteks Eestist, Laelatu puisniidult on 10×10 cm ruudult leitud 
25 liiki soontaimi, mis on selles skaalas maailmarekord. Pool-looduslikke koos-
lusi on mitut erinevat tüüpi (nt. loo-, ranna-, luha-, nõmme- ja puisniidud), neist 
liigirikkaimad on lubjarikkad niidud, kuna suur osa pool-looduslike koosluste 
liike on pärit Lõuna-Euroopa ja Kaukaasia jääaja refuugiumitest, kus on valda-
vad olnud kõrge lubjasisaldusega aluselised mullad. Lisaks kõrgele taimede 
liigirikkusele on pool-looduslikud niidukooslused elupaigaks ka paljudele linnu 
ja selgrootute liikidele ning pakuvad mitmeid inimkonna heaolu toetavaid loo-
duse hüvesid (nt. tolmeldamise hüve, looduslik kahjuritõrje ja kultuurilised 
hüved). 

Pool-looduslike koosluste ja nende kõrge liigirikkuse kujunemisel ja säili-
msel on olulist rolli mänginud mõõdukas inimmõju niitmise ja karjatamise näol. 
Traditsiooniline majandamine tagas elujõuliste taimepopulatsioonide püsimi-
seks vajaliku suurte ja omavahel seotud elupaigalaikude süsteemi (nn. meta-
populatsioonide võrgustiku), kus taimeseemnete peamisteks levitajateks olid 
kariloomad. Lisaks maastikuskaalal toimuvatele protsessidele mõjutavad pool-
looduslike niidukoosluste väikeseskaalalist liigirikkust kohalikud keskkonnatin-
gimused, näiteks mulla niiskus, põõsaste katvus ning nende ruumiline variee-
ruvus. Ei ole aga täpselt teada, milline on erinevate keskkonnategurite otsene ja 
kaudne mõju pool-looduslike koosluste väikeseskaalalisele taimede mitmekesi-
susele. 

Pool-looduslike niidukoosluste leviku kõrgaeg Euroopas jääb 19. sajandi 
lõppu. Alates 20. sajandi algusest on kogu Euroopas inimasustuse tihenemise, 
põllumajanduse intensiivistumise ning traditsiooniliste majandamisviiside lak-
kamise tõttu nende elupaikade pindala ja kvaliteet drastiliselt vähenenud. Järele 
on enamsti jäänud vaid väikesed, isoleeritud ja kehva kvaliteediga elupaiga-
laigud, mis ei toeta elujõuliste populatsioonide säilimist. Ilma efektiivse elu-
paikade taastamise ja kaitseta on tulevikus oodata mitmete pool-looduslikele 
niitudele iseloomulike liikide väljasuremist. Tänaseks on selge, et elurikkuse 
säilitamiseks on vaja ökoloogilistel teooriatel põhinevat looduskaitset. Selleks 
on vaja täpselt teada, millised ja kuidas erinevad keskkonnategurid mõjutavad 
kooslusele iseloomulike soontaimede mitmekesisust. 
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Lisaks on looduskaitses on oluline arvesse võtta liikide aeglast reageerimist 
keskkonnatingimuste ja maastikustruktuuri muutustele. Paljude taimeliikide 
populatsioonid suudavad veel lühemat või pikemat aega koosluses püsida, isegi 
kui keskkonnatingimused on muutunud neile sobimatuks. Nende tegelik välja-
suremine on aga vaid aja küsimus. Seda nähtust nimetatakse „väljasuremis-
võlaks“. Väljasuremisvõla olemasolule viitab väikeste ja isoleeritud pärand-
koosluste laikude endiselt kõrge liigirikkus ning seotus pigem ajaloolise kui 
tänase maastikustruktuuriga. Jättes võla olemasolu tuvastamata on oht koosluse 
seisundit ülehinnata. Näiteks on leitud, et Eesti läänesaarte igalt loopealse 
laigult võib tulevikus kaduda kuni 40% ehk ligikaudu 20 iseloomulikku soon-
taimeliiki. Tähtis on ka arvestada, et erinevate tunnustega liigid reageerivad 
elupaiga muutustele erinevalt. Näiteks pikema levimiskaugusega liigid võivad 
olla ohustatumad, kuna neil on tänases tugevalt killustunud maastikus suurem 
tõenäosus sattuda ebasobivasse keskkonda. Võrreldes kooslusi kus välja-
suremisvõlg on veel olemas või juba makstud (s.t. liigid kadunud) võib anda 
olulist informatsiooni selle kohta, millised liigid on kõige tundlikumad ning 
kuidas võib koosluse elurikkus tulevikus muutuda. See omakorda võimaldab 
teha õigemaid otsuseid koosluste ning nende mitmekesisuse taastamiseks ja 
säilitamiseks. 

Muutused koosluse keskkonnatingimustes ning liigirikkuses ja koosseisus 
toovad kaasa muutusi ökosüsteemide funktsioonides. Seega on elupaiga 
seisundi ja looduskaitselise väärtuse hindamiseks oluline uurida ka funktsio-
naalset mitmekesisust. Funktsionaalne mitmekesisus on bioloogilise mitmeke-
sisuse mõõde, mis näitab kooslustes esinevate organismide funktsionaalsete tun-
nuste erinevuste hulka. Sarnaselt liigirikkusele võib ka funktsionaalne mitme-
kesisus elupaigakaole hilinemisega reageerida. 

Looduses ei ole aga tühja kohta ning kui ühed liigid kaovad, võivad teised 
liigid leida muutunud keskkonnatingimustes enda jaoks uue elupaiga. Degra-
deerunud kooslusesse võivad siseneda nii invasiivsed tulnukliigid kui ka koha-
likud, teistest kooslusetüüpidest pärit liigid. Seega kogu liigirikkus ei pruugigi 
alati väheneda ning võib teinekord isegi tõusta, kuid samal ajal elupaiga rikku-
matus ehk liigilise koosseisu sarnasus algsele kooslusele väheneb. Sageli on 
tulemuseks hübriidsed või täiesti uudsed kooslused, mida ajalooliselt pole 
esinenud. Hübriidseid kooslusi on võimalik veel algsel kujul taastada, kuid 
uudsed kooslused on juba pöördumatult ajaloolisest seisundist teisenenud. 
Praeguseni ei ole veel jõutud ühisele arvamusele kas ja kuidas oleks mõistlik 
selliseid tugevalt degradeerunud, kuid liigirikkaid kooslusi majandada. 

Minu doktoritöö eesmärgiks oli esiteks kindlaks määrata, millised tegurid on 
taganud pool-looduslike kuivade lubjarikaste niidukoosluste kõrge soontaimede 
liigirikkuse (I, II). Täpsemalt selgitasin välja (a) kuidas erinevad keskkonna-
tegurid mõjutavad otseselt ja kaudselt lubjarikaste niitude väikeseskaalalist 
(10×10 cm) liigirikkust (I) ning (b) milline mõju on põõsaste madalal katvusel 
(<30%) lubjarikaste niitude spetsialistide ja generalistide liigirikkusele (II). 
Teiseks hindasin Kesk- ja Põhja-Euroopa pool-looduslike kuivade kuni paras-
niiskete niidukoosluste praegust seisundit jätkuvate maakasutuse muutuste 



39 

valguses, kokku kümnes regioonis (III, IV). Täpsemalt tuvastasin (a) milliste 
regioonide niitudel esineb väljasuremisvõlg ja millistel on võlg juba makstud, 
(b) milliste funktsionaalsete tunnustega niiduliigid kaovad kooslusest pärast 
väljasuremisvõla maksmist, (c) kuidas funktsionaalne mitmekesisus on elupaiga 
pindala vähenemisest mõjutatud ning (d) kas kogu liigirikkus ja liigiline koos-
seis erinevad regioonides kus väljasuremisvõlg maksmata või makstud (III). 
Lisaks oli mul võimalus hinnata muutusi tänaseks tugevalt degradeerunud 
Põhja-Eesti kuivade lubjarikaste niidulaikude taksonoomilises ja funktsionaal-
ses mitmekesisuses ning nende elupaiga rikkumatuses, võrreldes ajaloolise 
seisundiga. Selgitasin välja ka, millised funktsionaalsed tunnused iseloomusta-
vad liike, mis suudavad tugevalt degradeerunud koosluses püsima jääda (IV). 
Viimaseks eesmärgiks oli, uurimustulemustele toetudes, välja pakkuda uusi 
soovitusi koosluste taastamiseks ja nende elurikkuse säilitamiseks, olukorras 
mil väljasuremisvõlg maksmata või võlg juba makstud ja kooslus tugevalt 
degradeerunud (I, II, III, IV). 

Struktuurse võrrandi mudeli tulemused näitasid, et erinevatel keskkonna-
faktoritel on nii positiivseid kui ka negatiivseid mõjusid lubjarikaste niitude 
väikeseskaalalisele rohttaimede kogu liigirikkusele. Ajaloolisel elupaiga suuru-
sel ja elupaikade omavahelisel sidususel oli otsene positiivne mõju liigirikku-
sele ning ajaloolisel inimasustuse tihedusel kaudne positiivne mõju liigirikku-
sele. Kogu liigirikkust suurendasid otseselt ka väikeseskaalaline valguse hetero-
geensus ja mõõdukas põõsaste katvus. Samas väikeseskaalaline mulla hetero-
geensus mõjutas liigirikkust negatiivselt. Antud tulemused näitavad, et liigi-
rikaste niidukoosluste teke ja püsimine sõltub nii suurekaalalistest teguritest 
nagu pidev mõõdukas majandamine, piisava hulga niidulaikude olemasolu ja 
sidusus maastikus kui ka kohalikest keskkonnatingimustest, mida tuleb arvesse 
võtta elupaikade taastamisel ja säilitamisel. Elupaiga spetsialiste ja generaliste 
eraldi analüüsides, selgus, et madalal, kuni 30%, põõsaste katvusel ei ole spet-
sialistide liigirikkusega veel mingit seost. Samas, generalistide arvule oli põõ-
saste katvusel positiivne mõju nii otseselt kui ka kaudselt läbi valguse hetero-
geensuse suurendamise. Seega, minu töö tulemused kinnitavad, et pool-loodus-
likel lubjarikastel niitudel on sobivaks puittaimede katvuseks ligikaudu 30%, 
mis lubab kooseksisteerida nii elupaiga spetsialistidel kui ka generalistidel. 

Väljasuremisvõlg esines neljas uuritud Euroopa piirkonnas – Eestis, Läti 
Abava regioonis, Rootsi maismaa kooslustes ja Gotlandil. Neis neljas piir-
konnas oli spetsialistide liigirikkuse ja elupaiga pindala omavaheline seos eba-
oluline, mis viitabki väljasuremisvõla olemasolule. Ka funktsionaalne mitme-
kesisus näitas neis piirkondades viibega reageerimist. Belgias, Taani Jutlandi ja 
Zealandi regioonides, Soomes, Saksamaal ja Läti Zemgale regioonis oli liigi-
rikkuse ja pindala vahel positiivne seos, mis näitab, et nendel niitudel on võlg 
juba makstud. Piirkondades, kus võlg juba tasutud, oli elupaiga spetsialistidel 
oluliselt lühem levimiskaugus. See näitab, et head levijad on pindalakaole kõige 
tundlikumad. Seega, regioonides, kus väljasuremisvõlg on veel maksmata tuleks 
võimalikult kiiresti alustada elupaiga taastamisega, et takistada hea levimis-
võimega elupaiga spetsialistide kadumist. Kuna liigid on veel koosluselaigus ja 
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selle lähiümbruses alles, siis elujõuliste populatsioonide taastumise tõenäosus 
on väga kõrge. Esmalt tuleks tõsta alles oleva elupaiga kvaliteeti alustades taas 
karjatamise/niitmisega ning vajadusel vähendada põõsaste katvust ~30 prot-
sendini. Seejärel tuleks suurendada elupaiga pindala ja sidusust teiste maastikus 
paikenvate niidulaikudega. Varasemad uurimused on näidanud, et vahemaa 
elupaigalaikude vahel ei tohiks olla rohkem kui 1 km, kuna ka kõige paremad 
levijad ei suuda enamasti pikemaid vahemaid läbida. Võla tasumist ennetaks ka 
ümbritseva maastiku muutmine liikidele läbitavamaks, näiteks kasutades öko-
loogilisemaid põllumajandusvõtteid. 

Niidulaikudes, kus võlg juba makstud ja elupaiga rikkumatus oluliselt vähe-
nenud, on täielik koosluse taastamine keerulisem ja ajaloolise seisundi saavu-
tamine vähem tõenäoline. Samas on sellised degradeerunud ja algsest koos-
lusest oluliselt teisenenud elupaigalaigud tihtipeale siiski väga liigirikkad. Uuri-
tud Euroopa regioonides, kus võlg makstud, ei olnud kogu liigirikkus genera-
listide saabumise tõttu kahanenud. Põhja-Eesti lämmastiku saaste ning karjata-
mise lakkamise tõttu degradeerunud niitudel oli kogu liigirikkus isegi oluliselt 
kõrgem kui 90 aastat tagasi, ka mõnede funktsionaalsete tunnuste mitmekesisus 
oli tõusnud. Samal ajal oli elupaiga rikkumatus ehk liigilise koosseisu sarnasus 
ajaloolisele kooslusele oluliselt vähenenud. Osad ajalooliselt esinenud niidu-
liigid on tänaseks juba piirkonnast kadunud ja mõningad kadumas ning koos-
lusesse on sisenenud hulgaliselt uusi teistest elupaigatüüpidest pärit kohalikke 
liike (kokku 104). Samas on need niidud endiselt elupaigaks ka üsna suurele 
hulgale lubjarikastele rohumaadele iseloomulikele liikidele. Seega tuleks võib-
olla kaaluda selliste liigirikaste, samas tugevalt degradeerunud koosluste majan-
damist ja säilitamist hübriidsete või uudsete kooslustena. Tuleks taasalustada 
karjatamise/niitmisega ning parandada elupaigalaikude funktsionaalset sidusust, 
mis hoiaks ära nende edasise degradeerumise ja järelejäänud ajaloolisele koos-
lusele iseloomulike liikide kadumise ning annaks panuse piirkonna elurikkuse 
säilimisele. 

Arvestades hübriidsete ja uudsete ökosüsteemide üha kasvavat hulka jätku-
vate maakasutuse ja kliima muutuse valguses, tuleks neile tähelepanu pöörata 
ka bioloogilise mitmekesisuse kaitses. Selle asemel, et neid ignoreerida ja 
tähtsusetuks pidada, peaksime leidma võimalusi ja perspektiive nende kasuta-
misel elurikkuse ja ökosüsteemide funktsioonide ning teenuste säilitamiseks 
regioonis. Seda muidugi olukorras, mil algne kooslus on tugevalt või lausa 
pöördumatult muutunud. Prioriteediks peab alati siiski seadma looduslike ja 
pool-looduslike koosluste taastamise ja säilitamise. 
 
 
 
  



41 

ACKNOWLEDGEMENTS 

First and foremost I thank Dr. Aveliina Helm, who has patiently supervised me 
since my bachelor studies. Thanks to her professional guidance, great ideas, 
endless enthusiasm and energy, and eye-opening conversations about science 
and life I am now about to become Dr. Kasari. I thank Macroecology work-
group and Department of Botany for offering opportunities to participate in 
several different exciting projects besides my own doctoral project, and for 
inspiring and friendly work environment. I have had especially fun times in- 
and outside of the office with Krista, Riin, Liina, Kersti, Marge, Madli, Argo, 
Tõnu, Lena, Jaak-Albert, Inga and Kadri. I am also glad that I have had a 
chance to meet and collaborate with Antonio, Jodi, Lars, Jesse, Francesco, Jon, 
Rob, Guillermo, Carlos and Aurèle, who have helped me to improve my re-
search skills, but most importantly they taught me how people actually commu-
nicate in the world. 

Many thanks to my mother, who do not have very clear idea what and why I 
am doing, but has still always supported my choices; my brother for en-
couraging, but also ’come-back-to-earth’ discussions; and my ‘little’ sister for 
acquiescing with my weird profession, however not always understanding why I 
identify plants, collect soil etc. whole summer, instead of having a vacation as 
normal people. I am also grateful to my best friends Riin, Kaarin, Katrin, Elo 
and Mari for the relaxing girls’ nights. 

Last but not least I thank my biology and geography teachers from Rapla 
Vesiroosi Gymnasium for organizing the summer camps in Saarnaki laid. In 
this small island I got addicted to plants and it has only gone worse during the 
years. 
 

*** 
 
This research was funded by Estonian Science Foundation (Grants 8323, 9223); 
by Estonian Ministry of Education and Research (IUT 20-28, IUT 20-29); by 
European Commission through the European Regional Development Fund 
(Centre of Excellence FIBIR, Centre of Excellence EcolChange), Framework 
Programme (FP) 7 via the Integrated Project STEP [grant agreement no. 
244090] and ERMOS programme grant 14 (co-funded by Marie Curie Actions); 
and by Czech Science Foundation, grant GA16-15012S. 
 
 
 
  



  



 

 

 

 

 
PUBLICATIONS 

 
  



CURRICULUM VITAE 

Name:  Liis Kasari 
Date of Birth:  September 17th, 1987 
Citizenship:  Estonian 
Address:  Institute of Ecology and Earth Sciences, University of Tartu, 

Lai 40, Tartu 51005, Estonia 
Phone:  +372 5666 9102 
E-mail:  liis.kasari@ut.ee 
 
Education: 
2011–present    University of Tartu, PhD candidate in botany and ecology 
2009–2011     University of Tartu, MSc in biology 
2006–2009     University of Tartu, BSc in biology 
1998–2006     Rapla Vesiroosi Gymnasium 
1994–1998     Purku Primary School 
 
Language skills: 
Estonian (mother tongue) 
English (fluent) 
Russian (basic) 
 
Institution and position held: 
2015–present    University of Tartu, specialist 
2012–2016     Estonian University of Life Sciences, field work assistant 
2013     Nordic Botanical, field work assistant 
2011     University of Tartu and Estonian Physical Society, UT Science 

Camp, assistant of biology workshop 
2011     Tartu Environmental Education Centre Foundation, referee of 

biodiversity competitive match 
2009–2011     Science Centre AHHAA Foundation, assistant of biology work-

shops 
 
Research interests: 
Drivers of high small-scale plant species richness, taxonomic and functional 
diversity in degraded landscapes, biodiversity and conservation value of hybrid 
and novel ecosystems, conservation and restoration of semi-natural grasslands. 
 
Publications: 
Kasari, L., Zobel, M., Pärtel, M., Bommarco, R., Bruun, H.H., Gustiņa, L., 

Heikkinen, R., Honnay, O., Krauss, J., Lindborg, R., Raatikainen, K., Rū-
siņa, S. & Helm, A. Plants with good dispersal abilities disappear from Euro-
pean semi-natural grasslands following the payment of extinction debt. 
Manuscript. 

119 



Van Geel, M., Ceulemans, T., Plue, J., Takkis, K., Saar, L., Kasari, L., Peeters, 
G., van Acker, K., Jacquemyn, H. & Honnay, O. Environmental filtering 
rather than host plant specificity shapes the arbuscular mycorrhizal commu-
nities of European semi-natural grasslands. New Phytologist (submitted). 

Price, J., Tamme, R., Gazol, A., de Bello, F., Takkis, K., Uria Diez, J., Kasari, 
L. & Pärtel, M. 2017. Within-community environmental variability drives 
trait variability in species-rich grasslands. Journal of Vegetation Science 28: 
303–312. 

Lewis, R.J., de Bello, F., Bennett, J.A., Fibich, P., Finerty, G.E., Götzenberger, 
L., Hiiesalu, I., Kasari, L., Lepš, J., Májeková, M., Mudrák, O., Riibak, K., 
Ronk, A., Rychtecká, T., Vitová, A. & Pärtel, M. 2017. Applying the dark 
diversity concept to nature conservation. Conservation Biology 31: 40–47. 

Kasari, L., Saar, L., de Bello, F., Takkis, K. & Helm, A. 2016. Hybrid eco-
systems can contribute to local biodiversity conservation. Biodiversity and 
Conservation 25: 3023–3041. 

Májeková, M., Paal, T., Plowman, N.S., Bryndová, M., Kasari, L., Norberg, 
A., Weiss, M., Bishop, T.R., Luke, S.H., Sam, K., Le Bagousse-Pinguet, Y., 
Lepš, J., Götzenberger, L. & de Bello, F. 2016. Evaluating functional diver-
sity: Missing trait data and the importance of species abundance structure 
and data transformation. PLoSOne 11: e0152532. 

Kasari, L., Gazol, A., Kalwij, J.M. & Helm, A. 2013. Low shrub cover in alvar 
grasslands increases small-scale diversity by promoting the occurrence of 
generalist species. Tuexenia 33: 293–308. 

Gazol, A., Tamme, R., Takkis, K., Kasari, L., Saar, L., Helm, A. & Pärtel, M. 
2012. Landscape- and small-scale determinants of grassland species diver-
sity: direct and indirect influences. Ecography 35: 944–951. 

 
Conference presentations: 
Kasari, L., Zobel, M., Pärtel, M., Bommarco, R., Bruun, H.H., Gustiņa, L., 

Heikkinen, R., Honnay, O., Krauss, J., Lindborg, R., Raatikainen, K., Rū-
siņa, S. & Helm, A. Plants with good dispersal abilities disappear from Euro-
pean semi-natural grasslands following the payment of extinction debt. 60th 
Symposium of the International Association for Vegetation Science (IAVS), 
20–24 June 2017, Palermo, Italy. Poster presentation. 

Kasari, L., et al. & Helm, A. Does habitat size influences the functional diver-
sity similarly to species richness? 58th Symposium of the International As-
sociation for Vegetation Science (IAVS), 19–24 July 2015, Brno, Czech 
Republic. Oral presentation. 

Kasari, L., Takkis, K., Saar, L. & Helm, A. Increase in species richness and 
functional diversity after habitat degradation and fragmentation. 57th Sym-
posium of the International Association for Vegetation Science (IAVS), 1–5 
September 2014, Perth, Australia. Oral presentation. 

Kasari, L., Takkis, K., Saar, L. & Helm, A. Which plant species are ‘winners’ 
in degraded grassland habitats? 56th Symposium of the International 

120 



121 

Association for Vegetation Science (IAVS), 26–30 June 2013, Tartu, Esto-
nia. Poster presentation. 

Kasari, L., Takkis, K., Saar, L. & Helm, A. Which plant species are ‘winners’ 
in degraded grassland habitats? 2nd International Conference of Doctoral 
School of Earth Sciences and Ecology, 16–17 May 2013, Tallinn, Estonia. 
Oral presentation. 

Kasari, L., Takkis, K., Saar, L. & Helm, A. Which plant species are ‘winners’ 
in degraded grassland habitats? 26th Conference of the Plant Population 
Biology Section of the Ecological Society of Germany, Austria and Switzer-
land (GfÖ), 9–11 May 2013, Tartu, Estonia. Poster presentation. 

 
Awards and scholarships: 
2017     Honourable mention for an outstanding poster presentation in the 

60th International Association for Vegetation Science (IAVS) 
symposium, 19–24 June, Palermo, Italy 

2017     International Association for Vegetation Science (IAVS), partial 
travel grant 

2014, 2015  Doctoral School of Earth Sciences and Ecology, travel grants 
2013     Archimedes foundation, part-time studies scholarship 
 
Courses attended: 
2017     International Association for Vegetation Science (IAVS) sympo-

sium workshop for young scientists: “How to write a successful 
grant application   ,”20  June, Palermo, Italy. 

2013–2014  Quantitative Ecology Module for Master and PhD students, 30 
September – 31 January, University of South Bohemia, České 
Budějovice, Czech Republic. 

2013     International Association for Vegetation Science (IAVS) post-
symposium course in R for community assembly analyses, 1–2 
July, Tartu, Estonia. 

2012     Graduate course ‘Issues in Diversity’ by Prof. Susan Harrison, 3–
7 September, University of Oulu, Finland. 

 
Other activities and membership: 
2007–present  Member of Tartu Students’ Nature Conservation Circle 
 
 
 
  



ELULOOKIRJELDUS 

Nimi:  Liis Kasari 
Sünniaeg:  17. september, 1987 
Kodakondsus:  Eesti 
Aadress:  Tartu Ülikool, Ökoloogia- ja maateaduste instituut,  

botaanika osakond, Lai 40, Tartu 51005, Eesti 
Telefon:  +372 5666 9102 
E-mail:  liis.kasari@ut.ee 
 
Haridus: 
2011–…     Tartu Ülikool, botaanika ja ökoloogia doktorantuur 
2009–2011     Tartu Ülikool, magistrikraad bioloogias 
2006–2009     Tartu Ülikool, bakalaureusekraad bioloogias 
1998–2006     Rapla Vesiroosi gümnaasium 
1994–1998     Purku põhikool 
 
Keelteoskus: 
eesti keel (emakeel) 
inglise keel (väga hea) 
vene keel (baasteadmised) 
 
Töökogemus: 
2015–…     Tartu Ülikool, spetsialist 
2012–2016     Eesti Maaülikool, välitööde teostaja 
2013     Nordic Botanical, välitööde teostaja 
2011     Tartu Ülikool ja Eesti Füüsika Selts, TÜ teaduslaager, bioloogia 

õpitoa läbiviija 
2011     SA Tartu Keskkonnahariduse Keskus, elurikkuse 

võistlusmängu II vooru žüriiliige 
2009–2011     Sihtasutus Teaduskeskus AHHAA, bioloogia töötubade 

läbiviija 
 
Peamised uurimisvaldkonnad: 
Väikeseskaalalist taimede liigirikkust mõjutavad tegurid, degradeerunud maas-
tike taksonoomiline ja funktsionaalne mitmekesisus, hübriidsete ja uudsete öko-
süsteemide bioloogiline mitmekesisus ja looduskaitseline väärtus, pool-loodus-
like koosluste kaitse ja taastamine. 
 
Publikatsioonid: 
Kasari, L., Zobel, M., Pärtel, M., Bommarco, R., Bruun, H.H., Gustiņa, L., 

Heikkinen, R., Honnay, O., Krauss, J., Lindborg, R., Raatikainen, K., Rū-
siņa, S. & Helm, A. Good dispersers disappear from European semi-natural 
grasslands following the payment of extinction debt. Käsikiri. 

122 



Van Geel, M., Ceulemans, T., Plue, J., Takkis, K., Saar, L., Kasari, L., Peeters, 
G., van Acker, K., Jacquemyn, H. & Honnay, O. Environmental filtering 
rather than host plant specificity shapes the arbuscular mycorrhizal commu-
nities of European semi-natural grasslands. New Phytologist (esitatud). 

Price, J., Tamme, R., Gazol, A., de Bello, F., Takkis, K., Uria Diez, J., Kasari, 
L. & Pärtel, M. 2017. Within-community environmental variability drives 
trait variability in species-rich grasslands. Journal of Vegetation Science 28: 
303–312. 

Lewis, R.J., de Bello, F., Bennett, J.A., Fibich, P., Finerty, G.E., Götzenberger, 
L., Hiiesalu, I., Kasari, L., Lepš, J., Májeková, M., Mudrák, O., Riibak, K., 
Ronk, A., Rychtecká, T., Vitová, A. & Pärtel, M. 2017. Applying the dark 
diversity concept to nature conservation. Conservation Biology 31: 40–47. 

Kasari, L., Saar, L., de Bello, F., Takkis, K. & Helm, A. 2016. Hybrid eco-
systems can contribute to local biodiversity conservation. Biodiversity and 
Conservation 25: 3023–3041. 

Májeková, M., Paal, T., Plowman, N.S., Bryndová, M., Kasari, L., Norberg, 
A., Weiss, M., Bishop, T.R., Luke, S.H., Sam, K., Le Bagousse-Pinguet, Y., 
Lepš, J., Götzenberger, L. & de Bello, F. 2016. Evaluating functional 
diversity: Missing trait data and the importance of species abundance 
structure and data transformation. PLoSOne 11: e0152532. 

Kasari, L., Gazol, A., Kalwij, J.M. & Helm, A. 2013. Low shrub cover in alvar 
grasslands increases small-scale diversity by promoting the occurrence of 
generalist species. Tuexenia 33: 293–308. 

Gazol, A., Tamme, R., Takkis, K., Kasari, L., Saar, L., Helm, A. & Pärtel, M. 
2012. Landscape- and small-scale determinants of grassland species diver-
sity: direct and indirect influences. Ecography 35: 944–951. 

 
Konverentsiettekanded: 
Kasari, L., Zobel, M., Pärtel, M., Bommarco, R., Bruun, H.H., Gustiņa, L., 

Heikkinen, R., Honnay, O., Krauss, J., Lindborg, R., Raatikainen, K., Rū-
siņa, S. & Helm, A. Good dispersers disappear from European semi-natural 
grasslands following the payment of extinction debt. Rahvusvahelise Taim-
katteassotsiatsiooni (IAVS) 60. sümpoosion, 20.–24. juuni 2017, Palermo, 
Itaalia. Posterettekanne. 

Kasari, L., et al. & Helm, A. Does habitat size influences the functional diver-
sity similarly to species richness? Rahvusvahelise Taimkatteassotsiatsiooni 
(IAVS) 58. sümpoosion, 19.–24. juuli 2015, Brno, Tšehhi. Suuline ette-
kanne. 

Kasari, L., Takkis, K., Saar, L. & Helm, A. Increase in species richness and 
functional diversity after habitat degradation and fragmentation. Rahvus-
vahelise Taimkatteassotsiatsiooni (IAVS) 57. sümpoosion, 1.–5. september 
2014, Perth, Austraalia. Suuline ettekanne. 

Kasari, L., Takkis, K., Saar, L. & Helm, A. Which plant species are ‘winners’ 
in degraded grassland habitats? Rahvusvahelise Taimkatteassotsiatsiooni 
(IAVS) 56. sümpoosion, 26.–30. juuni 2013, Tartu, Eesti. Posterettekanne. 

123 



Kasari, L., Takkis, K., Saar, L. & Helm, A. Which plant species are ‘winners’ 
in degraded grassland habitats? Maateaduste ja ökoloogia doktorikooli 2. 
rahvusvaheline konverents, 16.–17. mai 2013, Tallinn, Eesti. Suuline ette-
kanne. 

Kasari, L., Takkis, K., Saar, L. & Helm, A. Which plant species are ‘winners’ 
in degraded grassland habitats? Saksamaa, Austria ja Šveitsi Ökoloogia-
ühingu (GfÖ) Taimede populatsioonibioloogia sektsiooni 26. konverents, 9.–
11. mai 2013, Tartu, Eesti. Posterettekanne. 

 
Saadud tunnustused, uurimistoetused ja stipendiumid: 
2017     Tunnustus väljapaistva posterettekande eest Rahvusvahelise Taim-

katteassotsiatsiooni (IAVS) 60. sümpoosionil, 19.–24. juuni, Paler-
mo, Itaalia. 

2017     Rahvusvahelise Taimkatteassotsiatsiooni (IAVS) osaline välis-
sõidutoetus 

2014, 2015  Maateaduste ja ökoloogia doktorikooli välissõidutoetused 
2013     SA Archimedese Kristjan Jaagu osalise õppe stipendium 
 
Erialane enesetäiendus: 
2017     Rahvusvahelise Taimkatteassotsiatsiooni (IAVS) sümpoosioni raa-

mes toimunud noorteadlastele suunatud kursus „Kuidas kirjutada 
edukat granditaotlust“, 20. juuni, Palermo, Itaalia. 

2013–2014  Rahvusvaheline kvantitatiivse ökoloogia moodul, 30. september – 
31. jaanuar, Lõuna-Cechy Ülikool, České Budějovice, Tšehhi. 

2013     Rahvusvahelise Taimkatteassotsiatsiooni (IAVS) sümpoosionijärg-
ne kursus taimekoosluste kokkupaneku analüüsimiseks statistika 
programmiga R, 1.–2. juuni, Tartu, Eesti. 

2012     Prof. Susan Harrisoni poolt läbi viidud kursus ‘Issues in Diversity’, 
3.–7. september, Oulu Ülikool, Soome. 

 
Muu teaduslik organisatsiooniline ja erialane tegevus: 
2007−…     Tartu Üliõpilaste Looduskaitseringi liige 

124 



DISSERTATIONES BIOLOGICAE 
UNIVERSITATIS TARTUENSIS 

 
  1. Toivo Maimets. Studies of human oncoprotein p53. Tartu, 1991, 96 p. 
  2. Enn K. Seppet. Thyroid state control over energy metabolism, ion trans-

port and contractile functions in rat heart. Tartu, 1991, 135 p.  
  3. Kristjan Zobel. Epifüütsete makrosamblike väärtus õhu saastuse indikaa-

toritena Hamar-Dobani boreaalsetes mägimetsades. Tartu, 1992, 131 lk. 
  4. Andres Mäe. Conjugal mobilization of catabolic plasmids by transpos-

able elements in helper plasmids. Tartu, 1992, 91 p. 
  5. Maia Kivisaar. Studies on phenol degradation genes of Pseudomonas sp. 

strain EST 1001. Tartu, 1992, 61 p. 
  6. Allan Nurk. Nucleotide sequences of phenol degradative genes from 

Pseudomonas sp. strain EST 1001 and their transcriptional activation in 
Pseudomonas putida. Tartu, 1992, 72 p. 

  7. Ülo Tamm. The genus Populus L. in Estonia: variation of the species bio-
logy and introduction. Tartu, 1993, 91 p. 

  8. Jaanus Remme. Studies on the peptidyltransferase centre of the E.coli 
ribosome. Tartu, 1993, 68 p. 

  9. Ülo Langel. Galanin and galanin antagonists. Tartu, 1993, 97 p. 
10. Arvo Käärd. The development of an automatic online dynamic fluo-

rescense-based pH-dependent fiber optic penicillin flowthrought biosensor 
for the control of the benzylpenicillin hydrolysis. Tartu, 1993, 117 p. 

11. Lilian Järvekülg. Antigenic analysis and development of sensitive immu-
noassay for potato viruses. Tartu, 1993, 147 p. 

12. Jaak Palumets. Analysis of phytomass partition in Norway spruce. Tartu, 
1993, 47 p. 

13. Arne Sellin. Variation in hydraulic architecture of Picea abies (L.) Karst. 
trees grown under different enviromental conditions. Tartu, 1994, 119 p.  

13. Mati Reeben. Regulation of light neurofilament gene expression. Tartu, 
1994, 108 p. 

14. Urmas Tartes. Respiration rhytms in insects. Tartu, 1995, 109 p. 
15. Ülo Puurand. The complete nucleotide sequence and infections in vitro 

transcripts from cloned cDNA of a potato A potyvirus. Tartu, 1995, 96 p. 
16. Peeter Hõrak. Pathways of selection in avian reproduction: a functional 

framework and its application in the population study of the great tit 
(Parus major). Tartu, 1995, 118 p. 

17. Erkki Truve. Studies on specific and broad spectrum virus resistance in 
transgenic plants. Tartu, 1996, 158 p. 

18. Illar Pata. Cloning and characterization of human and mouse ribosomal 
protein S6-encoding genes. Tartu, 1996, 60 p. 

19. Ülo Niinemets. Importance of structural features of leaves and canopy in 
determining species shade-tolerance in temperature deciduous woody 
taxa. Tartu, 1996, 150 p. 

125 



126 

20. Ants Kurg. Bovine leukemia virus: molecular studies on the packaging 
region and DNA diagnostics in cattle. Tartu, 1996, 104 p. 

21. Ene Ustav. E2 as the modulator of the BPV1 DNA replication. Tartu, 1996, 
100 p. 

22. Aksel Soosaar. Role of helix-loop-helix and nuclear hormone receptor 
transcription factors in neurogenesis. Tartu, 1996, 109 p. 

23. Maido Remm. Human papillomavirus type 18: replication, transforma-
tion and gene expression. Tartu, 1997, 117 p. 

24. Tiiu Kull. Population dynamics in Cypripedium calceolus L. Tartu, 1997,  
124 p. 

25. Kalle Olli. Evolutionary life-strategies of autotrophic planktonic micro-
organisms in the Baltic Sea. Tartu, 1997, 180 p. 

26. Meelis Pärtel. Species diversity and community dynamics in calcareous 
grassland communities in Western Estonia. Tartu, 1997, 124 p. 

27. Malle Leht. The Genus Potentilla L. in Estonia, Latvia and Lithuania: 
distribution, morphology and taxonomy. Tartu, 1997, 186 p. 

28. Tanel Tenson. Ribosomes, peptides and antibiotic resistance. Tartu, 1997,  
80 p. 

29. Arvo Tuvikene. Assessment of inland water pollution using biomarker 
responses in fish in vivo and in vitro. Tartu, 1997, 160 p. 

30. Urmas Saarma. Tuning ribosomal elongation cycle by mutagenesis of  
23S rRNA. Tartu, 1997, 134 p. 

31. Henn Ojaveer. Composition and dynamics of fish stocks in the gulf of 
Riga ecosystem. Tartu, 1997, 138 p. 

32. Lembi Lõugas. Post-glacial development of vertebrate fauna in Estonian 
water bodies. Tartu, 1997, 138 p. 

33. Margus Pooga. Cell penetrating peptide, transportan, and its predecessors, 
galanin-based chimeric peptides. Tartu, 1998, 110 p. 

34. Andres Saag. Evolutionary relationships in some cetrarioid genera 
(Lichenized Ascomycota). Tartu, 1998, 196 p. 

35. Aivar Liiv. Ribosomal large subunit assembly in vivo. Tartu, 1998, 158 p. 
36.  Tatjana Oja. Isoenzyme diversity and phylogenetic affinities among the 

eurasian annual bromes (Bromus L., Poaceae). Tartu, 1998, 92 p. 
37. Mari Moora. The influence of arbuscular mycorrhizal (AM) symbiosis 

on the competition and coexistence of calcareous grassland plant species. 
Tartu, 1998, 78 p. 

38. Olavi Kurina. Fungus gnats in Estonia (Diptera: Bolitophilidae, Keropla-
tidae, Macroceridae, Ditomyiidae, Diadocidiidae, Mycetophilidae). Tartu, 
1998, 200 p.  

39. Andrus Tasa. Biological leaching of shales: black shale and oil shale. 
Tartu, 1998, 98 p. 

40. Arnold Kristjuhan. Studies on transcriptional activator properties of 
tumor suppressor protein p53. Tartu, 1998, 86 p. 

41.  Sulev Ingerpuu. Characterization of some human myeloid cell surface 
and nuclear differentiation antigens. Tartu, 1998, 163 p. 



127 

42.  Veljo Kisand. Responses of planktonic bacteria to the abiotic and biotic 
factors in the shallow lake Võrtsjärv. Tartu, 1998, 118 p. 

43. Kadri Põldmaa. Studies in the systematics of hypomyces and allied 
genera (Hypocreales, Ascomycota). Tartu, 1998, 178 p. 

44. Markus Vetemaa. Reproduction parameters of fish as indicators in en-
vironmental monitoring. Tartu, 1998, 117 p. 

45. Heli Talvik. Prepatent periods and species composition of different Oeso-
phagostomum spp. populations in Estonia and Denmark. Tartu, 1998, 
104 p. 

46. Katrin Heinsoo. Cuticular and stomatal antechamber conductance to water 
vapour diffusion in Picea abies (L.) karst. Tartu, 1999, 133 p. 

47. Tarmo Annilo. Studies on mammalian ribosomal protein S7. Tartu, 1998, 
77 p. 

48. Indrek Ots. Health state indicies of reproducing great tits (Parus major): 
sources of variation and connections with life-history traits. Tartu, 1999, 
117 p. 

49. Juan Jose Cantero. Plant community diversity and habitat relationships in 
central Argentina grasslands. Tartu, 1999, 161 p. 

50. Rein Kalamees. Seed bank, seed rain and community regeneration in 
Estonian calcareous grasslands. Tartu, 1999, 107 p. 

51.  Sulev Kõks. Cholecystokinin (CCK) – induced anxiety in rats: influence 
of environmental stimuli and involvement of endopioid mechanisms and 
serotonin. Tartu, 1999, 123 p. 

52. Ebe Sild. Impact of increasing concentrations of O3 and CO2 on wheat, 
clover and pasture. Tartu, 1999, 123 p. 

53. Ljudmilla Timofejeva. Electron microscopical analysis of the synaptone-
mal complex formation in cereals. Tartu, 1999, 99 p. 

54. Andres Valkna. Interactions of galanin receptor with ligands and  
G-proteins: studies with synthetic peptides. Tartu, 1999, 103 p. 

55. Taavi Virro. Life cycles of planktonic rotifers in lake Peipsi. Tartu, 1999, 
101 p. 

56.  Ana Rebane. Mammalian ribosomal protein S3a genes and intron-
encoded small nucleolar RNAs U73 and U82. Tartu, 1999, 85 p. 

57.  Tiina Tamm. Cocksfoot mottle virus: the genome organisation and trans-
lational strategies. Tartu, 2000, 101 p. 

58. Reet Kurg. Structure-function relationship of the bovine papilloma virus 
E2 protein. Tartu, 2000, 89 p. 

59. Toomas Kivisild. The origins of Southern and Western Eurasian popula-
tions: an mtDNA study. Tartu, 2000, 121 p. 

60. Niilo Kaldalu. Studies of the TOL plasmid transcription factor XylS. 
Tartu, 2000, 88 p. 

61. Dina Lepik. Modulation of viral DNA replication by tumor suppressor 
protein p53. Tartu, 2000, 106 p. 



128 

62. Kai Vellak. Influence of different factors on the diversity of the bryo-
phyte vegetation in forest and wooded meadow communities. Tartu, 2000, 
122 p. 

63. Jonne Kotta. Impact of eutrophication and biological invasionas on the 
structure and functions of benthic macrofauna. Tartu, 2000, 160 p. 

64. Georg Martin. Phytobenthic communities of the Gulf of Riga and the 
inner sea the West-Estonian archipelago. Tartu, 2000, 139 p. 

65.  Silvia Sepp. Morphological and genetical variation of Alchemilla L. in 
Estonia. Tartu, 2000. 124 p. 

66. Jaan Liira. On the determinants of structure and diversity in herbaceous 
plant communities. Tartu, 2000, 96 p. 

67. Priit Zingel. The role of planktonic ciliates in lake ecosystems. Tartu, 
2001, 111 p. 

68. Tiit Teder. Direct and indirect effects in Host-parasitoid interactions: 
ecological and evolutionary consequences. Tartu, 2001, 122 p. 

69. Hannes Kollist. Leaf apoplastic ascorbate as ozone scavenger and its 
transport across the plasma membrane. Tartu, 2001, 80 p. 

70. Reet Marits. Role of two-component regulator system PehR-PehS and 
extracellular protease PrtW in virulence of Erwinia Carotovora subsp. 
Carotovora. Tartu, 2001, 112 p. 

71. Vallo Tilgar. Effect of calcium supplementation on reproductive perfor-
mance of the pied flycatcher Ficedula hypoleuca and the great tit Parus 
major, breeding in Nothern temperate forests. Tartu, 2002, 126 p. 

72. Rita Hõrak. Regulation of transposition of transposon Tn4652 in Pseudo-
monas putida. Tartu, 2002, 108 p. 

73. Liina Eek-Piirsoo. The effect of fertilization, mowing and additional 
illumination on the structure of a species-rich grassland community. 
Tartu, 2002, 74 p. 

74. Krõõt Aasamaa. Shoot hydraulic conductance and stomatal conductance 
of six temperate deciduous tree species. Tartu, 2002, 110 p. 

75. Nele Ingerpuu. Bryophyte diversity and vascular plants. Tartu, 2002, 
112 p. 

76. Neeme Tõnisson. Mutation detection by primer extension on oligonucleo-
tide microarrays. Tartu, 2002, 124 p. 

77. Margus Pensa. Variation in needle retention of Scots pine in relation to 
leaf morphology, nitrogen conservation and tree age. Tartu, 2003, 110 p. 

78. Asko Lõhmus. Habitat preferences and quality for birds of prey: from 
principles to applications. Tartu, 2003, 168 p. 

79. Viljar Jaks. p53 – a switch in cellular circuit. Tartu, 2003, 160 p. 
80. Jaana Männik. Characterization and genetic studies of four ATP-binding 

cassette (ABC) transporters. Tartu, 2003, 140 p. 
81. Marek Sammul. Competition and coexistence of clonal plants in relation 

to productivity. Tartu, 2003, 159 p 
82. Ivar Ilves. Virus-cell interactions in the replication cycle of bovine 

papillomavirus type 1. Tartu, 2003, 89 p.  



129 

83. Andres Männik. Design and characterization of a novel vector system 
based on the stable replicator of bovine papillomavirus type 1. Tartu, 
2003, 109 p. 

84.  Ivika Ostonen. Fine root structure, dynamics and proportion in net pri-
mary production of Norway spruce forest ecosystem in relation to site 
conditions. Tartu, 2003, 158 p. 

85.  Gudrun Veldre. Somatic status of 12–15-year-old Tartu schoolchildren. 
Tartu, 2003, 199 p. 

86.  Ülo Väli. The greater spotted eagle Aquila clanga and the lesser spotted 
eagle A. pomarina: taxonomy, phylogeography and ecology. Tartu, 2004, 
159 p.  

87.  Aare Abroi. The determinants for the native activities of the bovine 
papillomavirus type 1 E2 protein are separable. Tartu, 2004, 135 p. 

88.  Tiina Kahre. Cystic fibrosis in Estonia. Tartu, 2004, 116 p. 
89.  Helen Orav-Kotta. Habitat choice and feeding activity of benthic suspension 

feeders and mesograzers in the northern Baltic Sea. Tartu, 2004, 117 p. 
90.  Maarja Öpik. Diversity of arbuscular mycorrhizal fungi in the roots of 

perennial plants and their effect on plant performance. Tartu, 2004, 175 p.  
91.  Kadri Tali. Species structure of Neotinea ustulata. Tartu, 2004, 109 p. 
92.  Kristiina Tambets. Towards the understanding of post-glacial spread of 

human mitochondrial DNA haplogroups in Europe and beyond: a phylo-
geographic approach. Tartu, 2004, 163 p. 

93.  Arvi Jõers. Regulation of p53-dependent transcription. Tartu, 2004, 
103 p. 

94.  Lilian Kadaja. Studies on modulation of the activity of tumor suppressor 
protein p53. Tartu, 2004, 103 p. 

95.  Jaak Truu. Oil shale industry wastewater: impact on river microbial  
community and possibilities for bioremediation. Tartu, 2004, 128 p. 

96.  Maire Peters. Natural horizontal transfer of the pheBA operon. Tartu, 
2004, 105 p. 

97.  Ülo Maiväli. Studies on the structure-function relationship of the bacterial 
ribosome. Tartu, 2004, 130 p.  

98.  Merit Otsus. Plant community regeneration and species diversity in dry 
calcareous grasslands. Tartu, 2004, 103 p. 

99. Mikk Heidemaa. Systematic studies on sawflies of the genera Dolerus, 
Empria, and Caliroa (Hymenoptera: Tenthredinidae). Tartu, 2004, 167 p. 

100. Ilmar Tõnno. The impact of nitrogen and phosphorus concentration and 
N/P ratio on cyanobacterial dominance and N2 fixation in some Estonian 
lakes. Tartu, 2004, 111 p. 

101. Lauri Saks. Immune function, parasites, and carotenoid-based ornaments 
in greenfinches. Tartu, 2004, 144 p.  

102. Siiri Rootsi. Human Y-chromosomal variation in European populations. 
Tartu, 2004, 142 p. 

103. Eve Vedler. Structure of the 2,4-dichloro-phenoxyacetic acid-degradative 
plasmid pEST4011. Tartu, 2005. 106 p.  



130 

104. Andres Tover. Regulation of transcription of the phenol degradation 
pheBA operon in Pseudomonas putida. Tartu, 2005, 126 p. 

105. Helen Udras. Hexose  kinases  and  glucose transport  in  the  yeast Han-
senula  polymorpha. Tartu, 2005, 100 p. 

106. Ave Suija. Lichens and lichenicolous fungi in Estonia: diversity, distri-
bution patterns, taxonomy. Tartu, 2005, 162 p. 

107. Piret Lõhmus. Forest lichens and their substrata in Estonia. Tartu, 2005, 
162 p.  

108. Inga Lips. Abiotic factors controlling the cyanobacterial bloom occur-
rence in the Gulf of Finland. Tartu, 2005, 156 p. 

109. Kaasik, Krista. Circadian clock genes in mammalian clockwork, meta-
bolism and behaviour. Tartu, 2005, 121 p. 

110. Juhan Javoiš. The effects of experience on host acceptance in ovipositing 
moths. Tartu, 2005, 112 p.  

111. Tiina Sedman. Characterization  of  the  yeast Saccharomyces  cerevisiae 
mitochondrial  DNA  helicase  Hmi1. Tartu, 2005, 103 p.  

112. Ruth Aguraiuja. Hawaiian endemic fern lineage Diellia (Aspleniaceae): 
distribution, population structure and ecology. Tartu, 2005, 112 p.  

113. Riho Teras. Regulation of transcription from the fusion promoters ge-
nerated by transposition of Tn4652 into the upstream region of pheBA 
operon in Pseudomonas putida. Tartu, 2005, 106 p.  

114. Mait Metspalu. Through the course of prehistory in india: tracing the 
mtDNA trail. Tartu, 2005, 138 p.  

115. Elin Lõhmussaar. The comparative patterns of linkage disequilibrium in 
European populations and its implication for genetic association studies. 
Tartu, 2006, 124 p. 

116. Priit Kupper. Hydraulic and environmental limitations to leaf water rela-
tions in trees with respect to canopy position. Tartu, 2006, 126 p. 

117. Heili Ilves. Stress-induced transposition of Tn4652 in Pseudomonas 
Putida. Tartu, 2006, 120 p. 

118. Silja Kuusk. Biochemical properties of Hmi1p, a DNA helicase from 
Saccharomyces cerevisiae mitochondria. Tartu, 2006, 126 p. 

119. Kersti Püssa. Forest edges on medium resolution landsat thematic mapper 
satellite images. Tartu, 2006, 90 p. 

120. Lea Tummeleht. Physiological condition and immune function in great 
tits (Parus major l.): Sources of variation and trade-offs in relation to 
growth. Tartu, 2006, 94 p. 

121. Toomas Esperk. Larval instar as a key element of insect growth sche-
dules. Tartu, 2006, 186 p.  

122. Harri Valdmann. Lynx (Lynx lynx) and wolf (Canis lupus)  in the Baltic 
region: Diets, helminth parasites and genetic variation. Tartu, 2006. 102 p. 

123. Priit Jõers. Studies of the mitochondrial helicase Hmi1p in Candida albi-
cans and Saccharomyces cerevisia. Tartu, 2006. 113 p. 

124. Kersti Lilleväli. Gata3 and Gata2 in inner ear development. Tartu, 2007, 
123 p.  



131 

125. Kai Rünk. Comparative ecology of three fern species: Dryopteris carthu-
siana (Vill.) H.P. Fuchs, D. expansa (C. Presl) Fraser-Jenkins & Jermy and 
D. dilatata (Hoffm.) A. Gray (Dryopteridaceae). Tartu, 2007, 143 p.  

126. Aveliina Helm. Formation and persistence of dry grassland diversity: role 
of human history and landscape structure. Tartu, 2007, 89 p.  

127. Leho Tedersoo. Ectomycorrhizal fungi: diversity and community struc-
ture in Estonia, Seychelles and Australia. Tartu, 2007, 233 p.  

128. Marko Mägi. The habitat-related variation of reproductive performance of 
great tits in a deciduous-coniferous forest mosaic: looking for causes and 
consequences. Tartu, 2007, 135 p.  

129. Valeria Lulla. Replication strategies and applications of Semliki Forest 
virus. Tartu, 2007, 109 p.  

130. Ülle Reier. Estonian threatened vascular plant species: causes of rarity and 
conservation. Tartu, 2007, 79 p. 

131. Inga Jüriado. Diversity of lichen species in Estonia: influence of regional 
and local factors. Tartu, 2007, 171 p. 

132. Tatjana Krama. Mobbing behaviour in birds: costs and reciprocity based 
cooperation. Tartu, 2007, 112 p. 

133. Signe Saumaa. The role of DNA mismatch repair and oxidative DNA 
damage defense systems in avoidance of stationary phase mutations in 
Pseudomonas putida. Tartu, 2007, 172 p. 

134. Reedik Mägi. The linkage disequilibrium and the selection of genetic 
markers for association studies in european populations. Tartu, 2007, 96 p.  

135. Priit Kilgas. Blood parameters as indicators of physiological condition 
and skeletal development in great tits (Parus major): natural variation and 
application in the reproductive ecology of birds. Tartu, 2007, 129 p.  

136. Anu Albert. The role of water salinity in structuring eastern Baltic coastal 
fish communities. Tartu, 2007, 95 p.  

137. Kärt Padari. Protein transduction mechanisms of transportans. Tartu, 2008, 
128 p. 

138. Siiri-Lii Sandre. Selective forces on larval colouration in a moth. Tartu, 
2008, 125 p. 

139. Ülle Jõgar. Conservation and restoration of semi-natural floodplain mea-
dows and their rare plant species. Tartu, 2008, 99 p. 

140. Lauri Laanisto. Macroecological approach in vegetation science: gene-
rality of ecological relationships at the global scale. Tartu, 2008, 133 p. 

141. Reidar Andreson. Methods and software for predicting PCR failure rate 
in large genomes. Tartu, 2008, 105 p.  

142. Birgot Paavel. Bio-optical properties of turbid lakes. Tartu, 2008, 175 p. 
143. Kaire Torn. Distribution and ecology of charophytes in the Baltic Sea. 

Tartu, 2008, 98 p.  
144. Vladimir Vimberg. Peptide mediated macrolide resistance. Tartu, 2008, 

190 p. 
145. Daima Örd. Studies on the stress-inducible pseudokinase TRB3, a novel 

inhibitor of transcription factor ATF4. Tartu, 2008, 108 p. 



132 

146. Lauri Saag. Taxonomic and ecologic problems in the genus Lepraria 
(Stereocaulaceae, lichenised Ascomycota). Tartu, 2008, 175 p. 

147. Ulvi Karu. Antioxidant protection, carotenoids and coccidians in green-
finches – assessment of the costs of immune activation and mechanisms of 
parasite resistance in a passerine with carotenoid-based ornaments. Tartu, 
2008, 124 p. 

148. Jaanus Remm. Tree-cavities in forests: density, characteristics and occu-
pancy by animals. Tartu, 2008, 128 p. 

149. Epp Moks. Tapeworm parasites Echinococcus multilocularis and E. gra-
nulosus in Estonia: phylogenetic relationships and occurrence in wild 
carnivores and ungulates. Tartu, 2008, 82 p. 

150. Eve Eensalu. Acclimation of stomatal structure and function in tree ca-
nopy: effect of light and CO2 concentration. Tartu, 2008, 108 p. 

151. Janne Pullat. Design, functionlization and application of an in situ synthe-
sized oligonucleotide microarray. Tartu, 2008, 108 p. 

152. Marta Putrinš. Responses of Pseudomonas putida to phenol-induced 
metabolic and stress signals. Tartu, 2008, 142 p.  

153.  Marina Semtšenko. Plant root behaviour: responses to neighbours and 
physical obstructions. Tartu, 2008, 106 p. 

154. Marge Starast. Influence of cultivation techniques on productivity and 
fruit quality of some Vaccinium and Rubus taxa. Tartu, 2008, 154 p.  

155. Age Tats. Sequence motifs influencing the efficiency of translation. Tartu, 
2009, 104 p. 

156. Radi Tegova. The role of specialized DNA polymerases in mutagenesis in 
Pseudomonas putida. Tartu, 2009, 124 p. 

157. Tsipe Aavik. Plant species richness, composition and functional trait 
pattern in agricultural landscapes – the role of land use intensity and land-
scape structure. Tartu, 2009, 112 p. 

158. Kaja Kiiver. Semliki forest virus based vectors and cell lines for studying 
the replication and interactions of alphaviruses and hepaciviruses. Tartu, 
2009, 104 p. 

159. Meelis Kadaja. Papillomavirus Replication Machinery Induces Genomic 
Instability in its Host Cell. Tartu, 2009, 126 p. 

160. Pille Hallast. Human and chimpanzee Luteinizing hormone/Chorionic 
Gonadotropin beta (LHB/CGB) gene clusters: diversity and divergence of 
young duplicated genes. Tartu, 2009, 168 p. 

161. Ain Vellak. Spatial and temporal aspects of plant species conservation. 
Tartu, 2009, 86 p. 

162. Triinu Remmel. Body size evolution in insects with different colouration 
strategies: the role of predation risk. Tartu, 2009, 168 p. 

163. Jaana Salujõe. Zooplankton as the indicator of ecological quality and fish 
predation in lake ecosystems. Tartu, 2009, 129 p. 

164. Ele Vahtmäe. Mapping benthic habitat with remote sensing in optically 
complex coastal environments. Tartu, 2009, 109 p.  



133 

165. Liisa Metsamaa. Model-based assessment to improve the use of remote 
sensing in recognition and quantitative mapping of cyanobacteria. Tartu, 
2009, 114 p. 

166. Pille Säälik. The role of endocytosis in the protein transduction by cell-
penetrating peptides. Tartu, 2009, 155 p. 

167. Lauri Peil. Ribosome assembly factors in Escherichia coli. Tartu, 2009,  
147 p. 

168. Lea Hallik. Generality and specificity in light harvesting, carbon gain 
capacity and shade tolerance among plant functional groups. Tartu, 2009, 
99 p. 

169. Mariliis Tark. Mutagenic potential of DNA damage repair and tolerance 
mechanisms under starvation stress. Tartu, 2009, 191 p. 

170. Riinu Rannap. Impacts of habitat loss and restoration on amphibian po-
pulations. Tartu, 2009, 117 p. 

171. Maarja Adojaan. Molecular variation of HIV-1 and the use of this know-
ledge in vaccine development. Tartu, 2009, 95 p. 

172. Signe Altmäe. Genomics and transcriptomics of human induced ovarian 
folliculogenesis. Tartu, 2010, 179 p. 

173. Triin Suvi. Mycorrhizal fungi of native and introduced trees in the 
Seychelles Islands. Tartu, 2010, 107 p. 

174. Velda Lauringson. Role of suspension feeding in a brackish-water coastal 
sea. Tartu, 2010, 123 p. 

175. Eero Talts. Photosynthetic cyclic electron transport – measurement and 
variably proton-coupled mechanism. Tartu, 2010, 121 p.  

176. Mari Nelis. Genetic structure of the Estonian population and genetic 
distance from other populations of European descent. Tartu, 2010, 97 p. 

177. Kaarel Krjutškov. Arrayed Primer Extension-2 as a multiplex PCR-based 
method for nucleic acid variation analysis: method and applications. Tartu, 
2010, 129 p. 

178. Egle Köster. Morphological and genetical variation within species comp-
lexes: Anthyllis vulneraria s. l. and Alchemilla vulgaris (coll.). Tartu, 2010, 
101 p. 

179. Erki Õunap. Systematic studies on the subfamily Sterrhinae (Lepidoptera: 
Geometridae). Tartu, 2010, 111 p.  

180. Merike Jõesaar. Diversity of key catabolic genes at degradation of phenol 
and p-cresol in pseudomonads. Tartu, 2010, 125 p. 

181. Kristjan Herkül. Effects of physical disturbance and habitat-modifying 
species on sediment properties and benthic communities in the northern 
Baltic Sea. Tartu, 2010, 123 p. 

182. Arto Pulk. Studies on bacterial ribosomes by chemical modification 
approaches. Tartu, 2010, 161 p. 

183. Maria Põllupüü. Ecological relations of cladocerans in a brackish-water 
ecosystem. Tartu, 2010, 126 p.  

184. Toomas Silla. Study of the segregation mechanism of the Bovine 
Papillomavirus Type 1. Tartu, 2010, 188 p. 



134 

185. Gyaneshwer Chaubey. The demographic history of India: A perspective 
based on genetic evidence. Tartu, 2010, 184 p. 

186. Katrin Kepp. Genes involved in cardiovascular traits: detection of genetic 
variation in Estonian and Czech populations. Tartu, 2010, 164 p. 

187. Virve Sõber. The role of biotic interactions in plant reproductive per-
formance. Tartu, 2010, 92 p. 

188. Kersti Kangro. The response of phytoplankton community to the changes 
in nutrient loading. Tartu, 2010, 144 p. 

189. Joachim M. Gerhold. Replication and Recombination of mitochondrial 
DNA in Yeast. Tartu, 2010, 120 p. 

190. Helen Tammert. Ecological role of physiological and phylogenetic diver-
sity in aquatic bacterial communities. Tartu, 2010, 140 p. 

191. Elle Rajandu. Factors determining plant and lichen species diversity and 
composition in Estonian Calamagrostis and Hepatica site type forests. 
Tartu, 2010, 123 p. 

192. Paula Ann Kivistik. ColR-ColS signalling system and transposition of 
Tn4652 in the adaptation of Pseudomonas putida. Tartu, 2010, 118 p. 

193. Siim Sõber. Blood pressure genetics: from candidate genes to genome-
wide association studies. Tartu, 2011, 120 p. 

194. Kalle Kipper. Studies on the role of helix 69 of 23S rRNA in the factor-
dependent stages of translation initiation, elongation, and termination. 
Tartu, 2011, 178 p. 

195. Triinu Siibak. Effect of antibiotics on ribosome assembly is indirect. 
Tartu, 2011, 134 p. 

196. Tambet Tõnissoo. Identification and molecular analysis of the role of 
guanine nucleotide exchange factor RIC-8 in mouse development and 
neural function. Tartu, 2011, 110 p. 

197. Helin Räägel. Multiple faces of cell-penetrating peptides – their intra-
cellular trafficking, stability and endosomal escape during protein trans-
duction. Tartu, 2011, 161 p.  

198. Andres Jaanus. Phytoplankton in Estonian coastal waters – variability, 
trends and response to environmental pressures. Tartu, 2011, 157 p. 

199. Tiit Nikopensius. Genetic predisposition to nonsyndromic orofacial clefts. 
Tartu, 2011, 152 p. 

200. Signe Värv. Studies on the mechanisms of RNA polymerase II-dependent 
transcription elongation. Tartu, 2011, 108 p. 

201. Kristjan Välk. Gene expression profiling and genome-wide association 
studies of non-small cell lung cancer. Tartu, 2011, 98 p. 

202. Arno Põllumäe. Spatio-temporal patterns of native and invasive zoo-
plankton species under changing climate and eutrophication conditions. 
Tartu, 2011, 153 p. 

203. Egle Tammeleht. Brown bear (Ursus arctos) population structure, demo-
graphic processes and variations in diet in northern Eurasia. Tartu, 2011, 
143 p.  



135 

205. Teele Jairus. Species composition and host preference among ectomy-
corrhizal fungi in Australian and African ecosystems. Tartu, 2011, 106 p.   

206. Kessy Abarenkov. PlutoF – cloud database and computing services 
supporting biological research. Tartu, 2011, 125 p.  

207. Marina Grigorova. Fine-scale genetic variation of follicle-stimulating 
hormone beta-subunit coding gene (FSHB) and its association with repro-
ductive health. Tartu, 2011, 184 p. 

208. Anu Tiitsaar. The effects of predation risk and habitat history on butterfly 
communities. Tartu, 2011, 97 p. 

209. Elin Sild. Oxidative defences in immunoecological context: validation and 
application of assays for nitric oxide production and oxidative burst in a 
wild passerine. Tartu, 2011, 105 p. 

210. Irja Saar. The taxonomy and phylogeny of the genera Cystoderma and 
Cystodermella (Agaricales, Fungi). Tartu, 2012, 167 p. 

211. Pauli Saag. Natural variation in plumage bacterial assemblages in two 
wild breeding passerines. Tartu, 2012, 113 p. 

212. Aleksei Lulla. Alphaviral nonstructural protease and its polyprotein sub-
strate: arrangements for the perfect marriage. Tartu, 2012, 143 p. 

213. Mari Järve. Different genetic perspectives on human history in Europe 
and the Caucasus: the stories told by uniparental and autosomal markers. 
Tartu, 2012, 119 p. 

214. Ott Scheler. The application of tmRNA as a marker molecule in bacterial 
diagnostics using microarray and biosensor technology. Tartu, 2012, 93 p. 

215. Anna Balikova. Studies on the functions of tumor-associated mucin-like 
leukosialin (CD43) in human cancer cells. Tartu, 2012, 129 p. 

216. Triinu Kõressaar. Improvement of PCR primer design for detection of 
prokaryotic species. Tartu, 2012, 83 p. 

217. Tuul Sepp. Hematological health state indices of greenfinches: sources of 
individual variation and responses to immune system manipulation. Tartu, 
2012, 117 p. 

218.  Rya Ero. Modifier view of the bacterial ribosome. Tartu, 2012, 146 p. 
219. Mohammad Bahram. Biogeography of ectomycorrhizal fungi across dif-

ferent spatial scales. Tartu, 2012, 165 p. 
220. Annely Lorents. Overcoming the plasma membrane barrier: uptake of 

amphipathic cell-penetrating peptides induces influx of calcium ions and 
downstream responses. Tartu, 2012, 113 p. 

221. Katrin Männik. Exploring the genomics of cognitive impairment: whole-
genome SNP genotyping experience in Estonian patients and general 
population. Tartu, 2012, 171 p. 

222. Marko Prous. Taxonomy and phylogeny of the sawfly genus Empria 
(Hymenoptera, Tenthredinidae). Tartu, 2012, 192 p. 

223. Triinu Visnapuu. Levansucrases encoded in the genome of Pseudomonas 
syringae pv. tomato DC3000: heterologous expression, biochemical 
characterization, mutational analysis and spectrum of polymerization pro-
ducts. Tartu, 2012, 160 p. 



136 

224. Nele Tamberg. Studies on Semliki Forest virus replication and patho-
genesis. Tartu, 2012, 109 p. 

225. Tõnu Esko. Novel applications of SNP array data in the analysis of the ge-
netic structure of Europeans and in genetic association studies. Tartu, 
2012, 149 p. 

226. Timo Arula. Ecology of early life-history stages of herring Clupea haren-
gus membras in the northeastern Baltic Sea. Tartu, 2012, 143 p. 

227. Inga Hiiesalu. Belowground plant diversity and coexistence patterns in 
grassland ecosystems. Tartu, 2012, 130 p. 

228. Kadri Koorem. The influence of abiotic and biotic factors on small-scale 
plant community patterns and regeneration in boreonemoral forest. Tartu, 
2012, 114 p.  

229. Liis Andresen. Regulation of virulence in plant-pathogenic pectobacteria. 
Tartu, 2012, 122 p. 

230. Kaupo Kohv. The direct and indirect effects of management on boreal 
forest structure and field layer vegetation. Tartu, 2012, 124 p. 

231. Mart Jüssi. Living on an edge: landlocked seals in changing climate. 
Tartu, 2012, 114 p. 

232. Riina Klais. Phytoplankton trends in the Baltic Sea. Tartu, 2012, 136 p. 
233. Rauno Veeroja. Effects of winter weather, population density and timing 

of reproduction on life-history traits and population dynamics of moose 
(Alces alces) in Estonia. Tartu, 2012, 92 p.  

234. Marju Keis. Brown bear (Ursus arctos) phylogeography in northern Eura-
sia. Tartu, 2013, 142 p.  

235. Sergei Põlme. Biogeography and ecology of alnus- associated ecto-
mycorrhizal fungi – from regional to global scale. Tartu, 2013, 90 p. 

236. Liis Uusküla. Placental gene expression in normal and complicated 
pregnancy. Tartu, 2013, 173 p. 

237. Marko Lõoke. Studies on DNA replication initiation in Saccharomyces 
cerevisiae. Tartu, 2013, 112 p. 

238. Anne Aan. Light- and nitrogen-use and biomass allocation along pro-
ductivity gradients in multilayer plant communities. Tartu, 2013, 127 p.   

239. Heidi Tamm. Comprehending phylogenetic diversity – case studies in 
three groups of ascomycetes. Tartu, 2013, 136 p.  

240. Liina Kangur. High-Pressure Spectroscopy Study of Chromophore-
Binding Hydrogen Bonds in Light-Harvesting Complexes of Photo-
synthetic Bacteria. Tartu, 2013, 150 p.  

241. Margus Leppik. Substrate specificity of the multisite specific pseudo-
uridine synthase RluD. Tartu, 2013, 111 p. 

242. Lauris Kaplinski. The application of oligonucleotide hybridization model 
for PCR and microarray optimization. Tartu, 2013, 103 p. 

243. Merli Pärnoja. Patterns of macrophyte distribution and productivity in 
coastal ecosystems: effect of abiotic and biotic forcing. Tartu, 2013, 155 p. 

244. Tõnu Margus. Distribution and phylogeny of the bacterial translational 
GTPases and the Mqsr/YgiT regulatory system. Tartu, 2013, 126 p. 



137 

245. Pille Mänd. Light use capacity and carbon and nitrogen budget of plants: 
remote assessment and physiological determinants. Tartu, 2013, 128 p.  

246. Mario Plaas. Animal model of Wolfram Syndrome in mice: behavioural, 
biochemical and psychopharmacological characterization. Tartu, 2013,  
144 p.  

247. Georgi Hudjašov. Maps of mitochondrial DNA, Y-chromosome and tyro-
sinase variation in Eurasian and Oceanian populations. Tartu, 2013,  
115 p. 

248.  Mari Lepik. Plasticity to light in herbaceous plants and its importance for 
community structure and diversity. Tartu, 2013, 102 p. 

249. Ede Leppik. Diversity of lichens in semi-natural habitats of Estonia. 
Tartu, 2013, 151 p.  

250. Ülle Saks. Arbuscular mycorrhizal fungal diversity patterns in boreo-
nemoral forest ecosystems. Tartu, 2013, 151 p.  

251.  Eneli Oitmaa. Development of arrayed primer extension microarray 
assays for molecular diagnostic applications. Tartu, 2013, 147 p. 

252. Jekaterina Jutkina. The horizontal gene pool for aromatics degradation: 
bacterial catabolic plasmids of the Baltic Sea aquatic system. Tartu, 2013, 
121 p. 

253. Helen Vellau. Reaction norms for size and age at maturity in insects: rules 
and exceptions. Tartu, 2014, 132 p.  

254. Randel Kreitsberg. Using biomarkers in assessment of environmental 
contamination in fish – new perspectives. Tartu, 2014, 107 p.  

255. Krista Takkis. Changes in plant species richness and population per-
formance in response to habitat loss and fragmentation.Tartu, 2014, 141 p. 

256. Liina Nagirnaja. Global and fine-scale genetic determinants of recurrent 
pregnancy loss. Tartu, 2014, 211 p.  

257. Triin Triisberg. Factors influencing the re-vegetation of abandoned 
extracted peatlands in Estonia. Tartu, 2014, 133 p. 

258. Villu Soon. A phylogenetic revision of the Chrysis ignita species group 
(Hymenoptera: Chrysididae) with emphasis on the northern European 
fauna. Tartu, 2014, 211 p. 

259. Andrei Nikonov. RNA-Dependent RNA Polymerase Activity as a Basis 
for the Detection of Positive-Strand RNA Viruses by Vertebrate Host 
Cells. Tartu, 2014, 207 p. 

260. Eele Õunapuu-Pikas. Spatio-temporal variability of leaf hydraulic con-
ductance in woody plants: ecophysiological consequences. Tartu, 2014, 
135 p.  

261. Marju Männiste. Physiological ecology of greenfinches: information con-
tent of feathers in relation to immune function and behavior. Tartu, 2014, 
121 p. 

262. Katre Kets. Effects of elevated concentrations of CO2 and O3 on leaf 
photosynthetic parameters in Populus tremuloides: diurnal, seasonal and 
interannual patterns. Tartu, 2014, 115 p. 



138 

263. Külli Lokko. Seasonal and spatial variability of zoopsammon commu-
nities in relation to environmental parameters. Tartu, 2014, 129 p.  

264. Olga Žilina. Chromosomal microarray analysis as diagnostic tool: Esto-
nian experience. Tartu, 2014, 152 p.  

265. Kertu Lõhmus. Colonisation ecology of forest-dwelling vascular plants 
and the conservation value of rural manor parks. Tartu, 2014, 111 p. 

266. Anu Aun. Mitochondria as integral modulators of cellular signaling. Tartu, 
2014, 167 p.  

267. Chandana Basu Mallick. Genetics of adaptive traits and gender-specific 
demographic processes in South Asian populations. Tartu, 2014, 160 p. 

268.  Riin Tamme. The relationship between small-scale environmental hetero-
geneity and plant species diversity. Tartu, 2014, 130 p. 

269. Liina Remm. Impacts of forest drainage on biodiversity and habitat qua-
lity: implications for sustainable management and conservation. Tartu, 
2015, 126 p.  

270. Tiina Talve. Genetic diversity and taxonomy within the genus Rhinanthus. 
Tartu, 2015, 106 p. 

271. Mehis Rohtla. Otolith sclerochronological studies on migrations, spawning 
habitat preferences and age of freshwater fishes inhabiting the Baltic Sea. 
Tartu, 2015, 137 p. 

272. Alexey Reshchikov. The world fauna of the genus Lathrolestes (Hyme-
noptera, Ichneumonidae). Tartu, 2015, 247 p. 

273. Martin Pook. Studies on artificial and extracellular matrix protein-rich 
surfaces as regulators of cell growth and differentiation. Tartu, 2015, 142 p. 

274. Mai Kukumägi. Factors affecting soil respiration and its components in 
silver birch and Norway spruce stands. Tartu, 2015, 155 p. 

275. Helen Karu. Development of ecosystems under human activity in the 
North-East Estonian industrial region: forests on post-mining sites and 
bogs. Tartu, 2015, 152 p. 

276. Hedi Peterson. Exploiting high-throughput data for establishing relation-
ships between genes. Tartu, 2015, 186 p. 

277.  Priit Adler. Analysis and visualisation of large scale microarray data, 
Tartu, 2015, 126 p.  

278.  Aigar Niglas. Effects of environmental factors on gas exchange in deci-
duous trees: focus on photosynthetic water-use efficiency. Tartu, 2015, 
152 p.  

279. Silja Laht. Classification and identification of conopeptides using profile 
hidden Markov models and position-specific scoring matrices. Tartu, 2015, 
100 p. 

280.  Martin Kesler. Biological characteristics and restoration of Atlantic 
salmon Salmo salar populations in the Rivers of Northern Estonia. Tartu, 
2015, 97 p. 

281. Pratyush Kumar Das. Biochemical perspective on alphaviral nonstruc-
tural protein 2: a tale from multiple domains to enzymatic profiling. Tartu, 
2015, 205 p 



139 

282.  Priit Palta. Computational methods for DNA copy number detection. 
Tartu, 2015, 130 p.  

283. Julia Sidorenko. Combating DNA damage and maintenance of genome 
integrity in pseudomonads. Tartu, 2015, 174  p.  

284.  Anastasiia Kovtun-Kante. Charophytes of Estonian inland and coastal 
waters: distribution and environmental preferences. Tartu, 2015, 97 p. 

285. Ly Lindman. The ecology of protected butterfly species in Estonia. Tartu, 
2015, 171 p. 

286. Jaanis Lodjak. Association of Insulin-like Growth Factor I and Corti-
costerone with Nestling Growth and Fledging Success in Wild Passerines. 
Tartu, 2016, 113 p.  

287.  Ann Kraut. Conservation of Wood-Inhabiting Biodiversity – Semi-Natural 
Forests as an Opportunity. Tartu, 2016, 141 p. 

288. Tiit Örd. Functions and regulation of the mammalian pseudokinase TRIB3. 
Tartu, 2016, 182. p. 

289. Kairi Käiro. Biological Quality According to Macroinvertebrates in 
Streams of Estonia (Baltic Ecoregion of Europe): Effects of Human-induced 
Hydromorphological Changes. Tartu, 2016, 126 p. 

290.  Leidi Laurimaa. Echinococcus multilocularis and other zoonotic parasites 
in Estonian canids. Tartu, 2016, 144 p. 

291. Helerin Margus. Characterization of cell-penetrating peptide/nucleic acid 
nanocomplexes and their cell-entry mechanisms. Tartu, 2016, 173 p. 

292. Kadri Runnel. Fungal targets and tools for forest conservation. Tartu, 
2016, 157 p.  

293. Urmo Võsa. MicroRNAs in disease and health: aberrant regulation in lung 
cancer and association with genomic variation. Tartu, 2016, 163 p.  

294.  Kristina Mäemets-Allas. Studies on cell growth promoting AKT signa-
ling pathway – a promising anti-cancer drug target. Tartu, 2016, 146 p. 

295. Janeli Viil. Studies on cellular and molecular mechanisms that drive 
normal and regenerative processes in the liver and pathological processes 
in Dupuytren’s contracture. Tartu, 2016, 175 p. 

296. Ene Kook. Genetic diversity and evolution of Pulmonaria angustifolia L. 
and Myosotis laxa sensu lato (Boraginaceae). Tartu, 2016, 106 p. 

297. Kadri Peil. RNA polymerase II-dependent transcription elongation in 
Saccharomyces cerevisiae. Tartu, 2016, 113 p.  

298. Katrin Ruisu. The role of RIC8A in mouse development and its function 
in cell-matrix adhesion and actin cytoskeletal organisation. Tartu, 2016, 
129 p.   

299. Janely Pae. Translocation of cell-penetrating peptides across biological 
membranes and interactions with plasma membrane constituents. Tartu, 
2016, 126 p.   

300. Argo Ronk. Plant diversity patterns across Europe: observed and dark 
diversity. Tartu, 2016, 153 p. 



140 

301. Kristiina Mark. Diversification and species delimitation of lichenized 
fungi in selected groups of the family Parmeliaceae (Ascomycota). Tartu, 
2016, 181 p. 

302. Jaak-Albert Metsoja. Vegetation dynamics in floodplain meadows: 
influence of mowing and sediment application. Tartu, 2016, 140 p. 

303. Hedvig Tamman. The GraTA toxin-antitoxin system of Pseudomonas 
putida: regulation and role in stress tolerance. Tartu, 2016, 154 p. 

304. Kadri Pärtel. Application of ultrastructural and molecular data in the 
taxonomy of helotialean fungi. Tartu, 2016, 183 p. 

305. Maris Hindrikson. Grey wolf (Canis lupus) populations in Estonia and 
Europe: genetic diversity, population structure and -processes, and hybridi-
zation between wolves and dogs. Tartu, 2016, 121 p. 

306. Polina Degtjarenko. Impacts of alkaline dust pollution on biodiversity of 
plants and lichens: from communities to genetic diversity. Tartu, 2016,  
126 p. 

307.  Liina Pajusalu. The effect of CO2 enrichment on net photosynthesis of 
macrophytes in a brackish water environment. Tartu, 2016, 126 p.  

308. Stoyan Tankov. Random walks in the stringent response. Tartu, 2016,  
94 p. 

309.  Liis Leitsalu. Communicating genomic research results to population-
based biobank participants. Tartu, 2016, 158 p. 

310. Richard Meitern. Redox physiology of wild birds: validation and appli-
cation of techniques for detecting oxidative stress. Tartu, 2016, 134 p. 

311. Kaie Lokk. Comparative genome-wide DNA methylation studies of healthy 
human tissues and non-small cell lung cancer tissue. Tartu, 2016, 127 p. 

312. Mihhail Kurašin. Processivity of cellulases and chitinases. Tartu, 2017, 
132 p. 

313. Carmen Tali. Scavenger receptors as a target for nucleic acid delivery 
with peptide vectors. Tartu, 2017, 155 p. 

314. Katarina Oganjan. Distribution, feeding and habitat of benthic sus-
pension feeders in a shallow coastal sea. Tartu, 2017, 132 p. 

315.  Taavi Paal. Immigration limitation of forest plants into wooded landscape 
corridors. Tartu, 2017, 145 p.  

316. Kadri Õunap. The Williams-Beuren syndrome chromosome region protein 
WBSCR22 is a ribosome biogenesis factor. Tartu, 2017, 135 p. 

317.  Riin Tamm. In-depth analysis of factors affecting variability in thiopurine 
methyltransferase activity. Tartu, 2017, 170 p. 

318.  Keiu Kask. The role of RIC8A in the development and regulation of mouse 
nervous system. Tartu, 2017, 184 p. 

319.  Tiia Möller.  Mapping and modelling of the spatial distribution of benthic 
macrovegetation in the NE Baltic Sea with a special focus on the eelgrass 
Zostera marina Linnaeus, 1753. Tartu, 2017, 162 p. 

320. Silva Kasela. Genetic regulation of gene expression: detection of tissue- 
and cell type-specific effects. Tartu, 2017, 150 p. 



141 

321. Karmen Süld. Food habits, parasites and space use of the raccoon dog 
Nyctereutes procyonoides: the role of an alien species as a predator and 
vector of zoonotic diseases in Estonia. Tartu, 2017, p. 

322. Ragne Oja. Consequences of supplementary feeding of wild boar – concern 
for ground-nesting birds and endoparasite infection. Tartu, 2017, 141 p. 

323. Riin Kont. The acquisition of cellulose chain by a processive cello-
biohydrolase. Tartu, 2017, 117 p. 

 
 


	II Kasari et al. 2013.pdf
	1.  Introduction
	2. Material and methods
	3. Results
	4. Discussion
	We thank Krista Takkis, Riin Tamme, Liina Saar, and Meelis Pärtel for their field assistance. Eszter Ruprecht (co-ordinating editor), Thomas Becker (chair of the guest editors of the Dry Grassland Special Feature) and two referees provided helpful com...

	IV Kasari et al. 2016.pdf
	IV Kasari et al. 2016.pdf
	Hybrid ecosystems can contribute to local biodiversity conservation
	Abstract
	Introduction
	Materials and methods
	Study sites
	Historical and current data collection
	Species richness, functional and phylogenetic diversity
	Winners, losers and species in dark diversity
	Habitat integrity
	Statistical analysis

	Results
	Species richness, functional and phylogenetic diversity
	Winners, losers and species in dark diversity
	Habitat integrity

	Discussion
	Changes in species richness, and functional and phylogenetic diversity
	Functional traits of winners and species in dark diversity
	Conservation value of changing habitats

	Conclusions
	Acknowledgments
	References






