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ABSTRACT 

Timonen, Jonna 
Woodland key habitats – a key to effective conservation of forest biodiversity? 
Jyväskylä: University of Jyväskylä, 2010, 33 p. 
(Jyväskylä Studies in Biological and Environmental Science 
ISSN 1456-9701; 220) 
ISBN 978-951-39-4242-7 (nid.), 978-951-39-4282-3 (PDF) 
Yhteenveto: Avainbiotooppien merkitys talousmetsien monimuotoisuuden 
säilymiselle 
Diss. 

Intensive forest management has fragmented the landscape and changed structural 
features of forests endangering many forest-dwelling species. Thus, conservation 
measures in production forests have become necessary in the maintenance of 
biodiversity. Today, woodland key habitats (WKH, small-scale presumed hotspots of 
biodiversity) constitute an essential conservation measure in the North European 
forests. In this thesis I studied the role of WKHs in the conservation of biodiversity in 
production forests. First, I compared the definitions, inventories and implementation 
processes of WKHs in Sweden, Finland, Norway, Latvia, Estonia and Lithuania. I 
found that even though the philosophy behind the WKH concept was the same in all of 
the countries the implementation varied nationally resulting in different sets of 
habitats being included in the WKH networks. Second, I systematically reviewed 
whether the WKH concept is an efficient conservation tool i.e. whether WKHs host 
more biodiversity qualities (e.g. dead wood and red-listed species), compared to 
production forests. WKHs seemed to be hotspots of dead wood, diversity of dead 
wood, species richness and red-listed species compared to the production forests but 
there were some differences among countries. Finally, I experimentally studied short-
term effects of forest management practices on polypores and dead wood in WKHs. 
Dead wood volume, perennial, annual and red-listed polypores were not affected 
significantly by the management practices, but there were significant differences in the 
species turnover rates among the sites. My results suggest that protecting small-scale 
habitats in production forests could be a potential conservation tool. However, 
preserving solely WKHs is not enough to conserve biodiversity and thus other 
measures are also needed. Nowadays forest conservation has shifted its focus from a 
strong emphasis on protected areas towards conservation measures in production 
forests. From this perspective, WKHs could serve as a potential additional tool for 
sustaining forest biodiversity at the landscape scale. 
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1 FOREWORD 

Conservation biology is not merely a scientific discipline. Conservation of 
biodiversity needs science but scientists in this field must carefully pay 
attention to society’s values, take into account economics and most importantly, 
always communicate their findings to the practitioners. In my thesis I gathered 
all the available information about woodland key habitats (WKHs) in order to 
produce a comprehensive synthesis that would serve the scientific community 
with the recent knowledge and the society with practical guidelines concerning 
the conservation values of the woodland key habitats. First, I submerged myself 
in to the jungle of concepts, definitions and implementation of WKHs and 
produced a review in which the basic information of WKHs is organized and 
readily available. Second, I conducted a systematic review answering the 
question of whether WKHs are biodiversity hotspots or not. Systematic review 
provides a methodology to assess the effectiveness of policy and management 
interventions. Conducting a systematic review follows certain set of guidelines 
that include protocol formation, data search strategy, data inclusion, data 
extraction, and analysis. Starting from the protocol and leading to the finalized 
review the process is peer-reviewed and also open for a public consultation. All 
the stages of the review conduction are available to the public at 
www.environmentalevidence.org. Thus, the process is transparent and its main 
purpose is to communicate research findings to the practitioners. Finally, I left 
the office and went to the forest to conduct an experimental study of whether 
WKHs would be able to maintain forest biodiversity. To conclude, the aim of 
the thesis was to evaluate WKH’s status as a conservation tool and produce a 
synthesis that could be valuable not only from the scientific but also from the 
practical point of view.    

 
 
 



  

2 INTRODUCTION 

2.1 Biodiversity and boreal forest management policies 

Biodiversity has been defined as “the totality of genes, species and ecosystems 
in a region” and it can be divided in to three hierarchical categories: genes, 
species and ecosystems (World Resources Institute, 1992). Today, we are losing 
biodiversity at a rapid rate and are on the verge of sixth known mass extinction 
of species. Globally, fragmentation and especially habitat loss are 
acknowledged as major threats to biodiversity. One of the most fundamental 
relationships in nature is the species-area relationship, or the increase in the 
number of species with area (Rosenzweig 1995). Thus, the loss of area decreases 
the number of species. Hanski (2005) defines four kinds of habitat loss: 1) loss of 
quality; 2) loss of quantity (area); 3) loss of connectivity and 4) loss of 
continuity. The first two refer to a one particular site and increase the risk of 
population extinction by decreasing population sizes. The loss of area of 
relatively small habitat patches may also increase edge effect that usually 
further reduces the area of the habitat. The latter two habitat loss types relate to 
spatial relationships among multiple habitats and increase the risk of 
metapopulation extinction by disrupting migration and dispersal of species.  

Habitat loss and fragmentation are unquestionably threatening 
biodiversity also in Fennoscandian and Baltic forests (Hanski 2005; 2007). These 
forests have been heavily exploited in the past. Hence, there has been a 
dramatic transformation from the structurally diverse and multi-aged old-
growth forests into young, even-sized, single-aged forest stands (Östlund et al. 
1997, Löfman & Kouki 2001). Old-growth forests are primary habitats for a 
substantial number of threatened species and thus the loss of old-growth forests 
has caused the endangerment of many forest-dwelling species (Rassi et al. 
2001).  

The Convention on Biological Diversity (CBD), signed at the United 
Nations Conference on Environment and Development in Rio de Janeiro in 
1992, launched a series of international and national initiatives, processes and 
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resolutions in order to sustain biodiversity (.http://www.cbd.int/). The 
accepted principles were the bellwethers for European forest policy in 1990´s. In 
the Second Ministerial Conference held in Helsinki in 1993 the principles, 
criteria and indicators of sustainable forestry were established, and later they 
were reflected to national forest policies and legislation. 

Since the 1990s, in Fennoscandian and Baltic countries the official objective 
of forest policy has been to practice forestry in a sustainable manner by taking 
conservation of biodiversity into account. Besides traditional conservation 
programmes, several conservation tools, such as controlled burning and leaving 
dead wood, were introduced (Larsson & Danell 2001, Vanha-Majamaa & 
Jalonen 2001). The most important and economically notable tools have been 
the retention tree approach, where individual trees or small groups of trees are 
retained on a cut area, and the conservation of woodland key habitats (WKH). 

The term woodland key habitat was launched in Sweden in 1990 (see 
(Norén et al. 2002) and was introduced to a wider audience in 1992 in a special 
issue of Svensk Botanisk Tidskrift, which was dedicated to the preservation of 
boreal forest in Sweden. The WKH concept was subsequently adopted in other 
Fennoscandian countries (Finland, Norway) in the mid 1990s, and in Baltic 
countries (Latvia, Estonia, Lithuania) in late 1990s to early 2000s. The main idea 
behind the WKH concept is to conserve biodiversity in production forests by 
delineating and preserving small habitat patches that are supposed to be 
particularly valuable (of “key” importance; hence the term “key habitat”) for 
maintaining landscape-level biodiversity. However, there are differences in the 
definitions and implementation of WKH concept among countries. 

At present, all Fennoscandian and Baltic countries have national forest 
legislation, which sets certain minimum standards for conserving biodiversity 
in production forests, and several countries also have specific definitions and 
regulations concerning WKHs. More detailed standards for the identification, 
delimitation and management of WKHs have been included into forest 
management guidelines and into forest certification criteria. Large-scale 
inventories have been carried out by the forestry and nature conservation 
authorities to map and delimitate WKHs. On average, WKHs cover 
approximately 1% of the total forest area in Fennoscandian and Baltic countries.  
Put together, WKH inventories have probably been the most extensive habitat 
inventory effort in the world.  

The WKH concept has been presented as a cost-efficient conservation 
method (Wikberg et al. 2009); it should be cost-efficient to conserve the 
maximum number of species with a minimum cost. In order to be an efficient 
conservation tool, WKHs should host more biodiversity qualities, such as red-
listed species and dead wood, than typical production forests. Also, WKHs 
should be able to maintain these qualities in time, even if the surrounding forest 
would be heavily managed. The WKH concept has not gained unanimous 
support and it is based on several ecological assumptions which have been used 
to argue for and against the conservation status of WKHs (Hansson 2001, 
Hanski 2005). 
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2.2 Ecological questions of the WKH concept  

2.2.1 Ecological assumptions behind the WKH concept 

The idea that WKHs constitute a cost-efficient tool to sustain biodiversity in 
production forest landscapes hinges on several ecological assumptions. WKHs 
are assumed to represent natural hotspots in the landscape with concentrations 
of red-listed species (rarity hotspots). This assumption requires that red-listed 
species are clustered in space. WKHs should be identifiable on the basis of 
structural elements and/or the occurrence of indicator species. WKHs often 
represent extremities of main ecological gradients (moisture, productivity, 
topography, and disturbance), and therefore, they presumably host species 
assemblages that differ from those in typical forests in the region. Therefore 
there is supposedly also considerable complementarity among WKHs in their 
species assemblages.  

Moreover, WKHs are assumed to represent high quality patches in the 
landscape fostering higher than average species numbers. Because of the 
general tendency for species assemblages to be nested (Wright et al. 1998), red-
listed species are presumably over-represented in WKHs. Further, WKHs are 
assumed to constitute stepping stones enhancing connectivity and hence 
dispersal of species requiring unmanaged forests in the matrix of production 
forests.  

In general, WKHs are small in size, and therefore the sizes of species 
populations are necessarily rather limited within a WKH. This may jeopardize 
the persistence of an individual population even if the site is set aside from 
forestry practices. The small size of WKHs may also result in isolation and 
strong edge effects further increasing the likelihood of population extinctions in 
small patches. Consequently, the small size of WKHs has been the main cause 
of criticism towards the use of WKHs as a conservation tool.  One may argue 
that WKHs are useful only if they comprise a well-connected network and thus 
support a metapopulation. Next I will discuss the ecological assumptions 
concerning WKHs in more detail and finally I will address the size limitation of 
WKHs. 

2.2.2 Role of WKHs as hotspots for red-listed species 

Hotspots are defined as sites particularly rich in species, rare species, 
threatened species, or some combination of these attributes (Reid 1998). WKHs 
should represent hotspots in the landscape with concentrations of rare specialist 
species (rarity hotspots). WKHs could be ‘natural’ hotspots of rare species for 
example due to special structural factors or soil properties. WKHs could also be 
remnants of natural forests and thus host species that are extinct or rare in the 
surrounding forests.  Empirical evidence for the hotspot status of WKHs is 
inconclusive. Some studies have shown that WKHs indeed foster high numbers 
of red-listed species (Gustafsson et al. 1999; Gustafsson 2002;  Perhans et al. 
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2007) but other studies have failed to unequivocally support the hotspot status 
of WKHs (Gustafsson 2000;  Johansson & Gustafsson 2001; Gustafsson et al. 
2004; Sverdrup-Thygeson 2002; Pykälä et al. 2006).  

The hotspot status of WKHs has been criticized mostly due to their small 
size (Hanski 2005). Gjerde et al. (2004) concluded that WKHs ability to capture 
red-listed species is scale-dependent. When WKHs constitute 5% of the 
landscape, only 20-25% of red-listed species populations may be located within 
WKHs when red-listed species are mapped at the scale of 1 ha. Therefore, most 
of the red-listed species are not captured in small-scaled habitats.  

2.2.3 Red-listed species are clustered in space 

The efficiency of WKHs for conservation depends on the degree of clustering in 
space of red-listed species. Nitare and Norén (1992) list six possible 
explanations for the spatial aggregation of rare and endangered species: 1) age 
and degree of continuity of the sites, 2) continuous occurrence of the habitat in 
the nearby area, 3) previous land use or occurrence of natural disturbance, 4) 
the present age and condition of the stand, 5) particular edaphic and climatic 
factors and 6) abundance of important key elements.  

Gjerde et al. (2004) did not find strong clustering patterns of red-listed 
species and suggest that many of the red-listed species would be consistently 
found outside defined hotspots. Thus, in landscapes dominated by mature 
forests, selection of rarity hotspots would be more challenging.  However, 
Gjerde et al. (2004) also suggested that in forest landscapes highly dominated 
by clearcuts and young plantations red-listed species would more likely be 
clustered rendering WKH concept applicable.  

2.2.4 Use of indicator species 

Indicator species have been used in the identification of WKHs. In the WKH 
context, the term indicator species has been used for more or less specialized 
species, which have rather strict habitat requirements. The presence of indicator 
species should indicate high probability of occurrence of red-listed species. 
Gustafsson (2000) sets two criteria for a good indicator of WKHs: a good 
indicator should correlate with the red-listed species in WKHs and it should 
also be more common in WKHs that in production forests.  

Indicator vascular plants, however, did not fulfill both of these criteria in 
Swedish WKHs (Gustafsson 2000) and neither did lichen species, although 
some of the indicator lichens did correlate with red-listed species (Johansson & 
Gustafsson 2001). Nordén et al. (2007) found that the number of indicator 
species indicated the number of red-listed species in lichens but not in 
bryophytes or wood-inhabiting fungi. Sverdrup-Thygeson (2001) found no 
association between fungal indicator species and red-listed saproxylic beetles. 
However, Jonsson and Jonsell (1999) found a significant correlation between 
indicator wood-living fungi and vascular plants but not between other species 
groups (vascular plants, bryophytes, epiphytic lichens, wood-inhabiting fungi). 
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In sum, the empirical studies have not consistently supported the applicability 
of the indicator species approach, and nicely exemplify the complexity and 
difficulty of using indicator species. Different species groups correlate with 
different species or factors. Therefore Jonsson and Jonsell (1999) suggest the 
inclusion of a wide range of indicators. Nordén et al. (2007) suggest that 
perhaps one alternative to indicator species inventories could be to focus more 
directly on red-listed species. 

2.2.5 Complementarity of key habitats 

One strategy used to maximize species diversity in sites is based on 
complementarity (Vane-Wright et al. 1991). Complementarity strategy involves 
selecting a set of sites so that each newly selected site captures new species that 
were not present in the previously selected sites (Pressey et al. 1993). 
Lewandowski et al. (2010) suggest that conservation planning should 
emphasize complementarity rather than the hotspot approach when using 
surrogate taxa. However, only the Norwegian WKH policy incorporates both 
hotspot and complementarity components (Baumann et al. 2002a, Baumann et 
al. 2002b, Baumann et al. 2002c).  Sætersdal et al. (2003) showed that 
environmental variables associated with site productivity and humidity 
explained most of the differences in species assemblages. If the sites for 
conservation were selected purely on the basis of their species richness sites, 
then sites with fewer red-listed species would not be selected (Gjerde et al. 
2007) and a considerable proportion of species may fall short of adequate 
protection (see also Similä et al. 2006). 

2.2.6 Nestedness 

A set of species is said to be nested if the species present in species-poor sites 
are subsets of the species present at richer sites (Patterson and Atmar 1986). If 
species are highly nested, rare species are only found in species rich sites 
(Gustafsson 1999). Thus, in case of high nestedness, species conservation should 
focus on richness hotspots in order to capture the maximum number of red-
listed species. 

Several studies have measured the nestedness of different boreal species 
groups and the results are variable and even contradictory. Jonsson and Jonsell 
(1999) found that among 10 boreal spruce forest stands only lichens and 
vascular plants showed significant nestedness, while bryophytes and wood-
inhabiting fungi did not. Also Gustafsson (2000) found significant nestedness in 
vascular plants. Berglund and Jonsson (2003) found significant nestedness in all 
the studied taxa (vascular plants, mosses, liverworts, crustose lichens, 
polypores and corticoids). However, in this study nestedness was dependent on 
area and quality of sites, i.e., in larger and higher quality patches red-listed 
species were over-represented given the overall level of nestedness. Berglund 
and Jonsson (2003) conclude that small habitats of high quality should not be 
neglected in conservation. WKHs are assumed to represent high quality patches 
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and therefore over-representation of red-listed species could be expected.  
Nestedness analysis can also be used to discern indicators of rare species and 
thus many red-listed species. Species with intermediate occurrence and high 
degree of nestedness can indicate species rich communities and thus rare 
species (Jonsson & Jonsell 1999, Gustafsson 2000, Halme et al. 2009). 

2.2.7 Connectivity 

Connectivity can be divided to structural and functional connectivity (Baudry & 
Merriam 1988; Mönkkönen 1999). Structural connectivity refers to the physical 
pattern of the habitat and possible connections between habitats in the 
landscape. Functional connectivity refers to the actual movement of individual 
organisms between habitats and its associated responses to the matrix. 
Therefore, connectivity depends also on the condition of the matrix and even 
relatively minor changes may substantially enhance connectivity for many taxa 
(Lindenmayer & Franklin 2002). WKHs could constitute stepping stones 
enhancing connectivity and hence dispersal of species in the matrix. Laita et al. 
(2010) concluded that WKHs are important from the connectivity perspective, 
especially in case of rare and scattered habitat types. However, connectivity is 
highly species-specific and the critical distance between habitats varies between 
and within organism groups (Lindenmayer & Franklin 2002). Species with poor 
dispersal abilities are not likely to benefit greatly from WKHs in the 
connectivity perspective. Good dispersers, on the other hand, benefit from 
WKHs also as bridging habitats in reserves that would otherwise remain 
unconnected (Laita et al. 2010). Species dispersal abilities are generally poorly 
known, and thus the importance of WKHs as stepping stones for red-listed 
species is difficult to evaluate.   

2.2.8 Metapopulation 

A metapopulation consists of spatially separated populations of one species 
that interact with each other (Hanski 2005). In a fragmented forest matrix 
WKHs can be seen as patches separated by production forests where 
populations exist. Some of the patches may encounter extinctions of local 
populations and some unoccupied patches may become occupied by 
immigrants from other patches. Immigrants may also emigrate to patches 
occupied by small population and decrease the extinction risk. A sufficiently 
dense network of even small habitat patches could possibly sustain a 
metapopulation. However, WHKs form such a sparse network that it is unlikely 
that they would support viable metapopulations (Hanski 2005). Small habitat 
patches, such as WKHs, can support only small local populations of threatened 
and specialist species which have a high extinction risk in the long term. 
According to source-sink population dynamics, large habitats are more likely to 
act as a source of individuals than smaller habitats. Small habitats could 
actually become a sink for the species due to edge effect (Hansson 2001). 
Consequently, WKH networks are likely to host non-equilibrium 
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metapopulations where local extinctions far outweigh the recolonization rate of 
empty patches.  

The contribution of WKHs to metapopulation persistence depends not 
only on WKHs themselves but also on the protected areas network and the 
quality of the production forest landscape matrix surrounding WKHs and 
protected areas. The metapopulation approach usually considers landscape as 
consisting of suitable habitat patches embedded in the matrix of hostile 
landscape of non-habitat and thus ignores the dynamics in the matrix. Yet, the 
matrix quality may have important effects on metapopulation dynamics 
(Vandermeer & Carvajal 2001). The quality of the matrix depends on the species 
experiencing it. Many red-listed species that are habitat specialists may 
experience the production forest (matrix) as a hostile and uninhabitable 
environment, but for some species production forests provide resources and 
habitats and thus increases, for example, species dispersal abilities. The 
efficiency WKHs should be evaluated in concert with other measures taken to 
sustain biodiversity in production forests (Mönkkönen et al. 2010) and they may 
in some cases support the existing protected areas network (Laita et al. 2010). 

2.2.9 Isolation and edge effects 

Fragmentation of the forest landscape causes isolation of suitable habitats. The 
degree of isolation depends on the quality of the habitats and how they are 
situated in the landscape (Aune et al. 2005). If the WKHs are scattered in the 
landscape without connectivity to other WKHs or reserves, it is unlikely that 
particular species will be able to persist. Also, the species composition will 
possibly become more like the composition in the matrix.  

The sizes of WKHs vary (on average 0.7 ha in Finland to 4.6 ha in Sweden) 
but often they are relatively small and thus prone to edge effects. Edge effect 
may cause changes in the microclimatic conditions due to increased exposure to 
sunlight and wind. The physical damage caused by wind has been shown to 
reduce lichen abundance (Esseen 1998}. The core area analysis done by Aune et 
al. (2005) suggests that edges do have a strong impact in the WKHs. Given a 
25m edge influence, only half of the total area could be considered as core area 
of WKH. WKHs in the study area of Aune et al. (2005) were on average 8.6 ha 
whereas in general WKHs are much smaller. Thus most of the habitats do not 
have core area at all but are entirely under the edge influence. For some species 
the edge effect could extend up to even 50m but the response of species is 
species-specific and context-dependent (Moen 2003).  

Altogether, there is no consistent evidence that the ecological assumptions 
behind the WKH concept are fulfilled.  First of all, empirical evidence for the 
hotspot status of WKHs is inconclusive. Also, it is unclear whether red-listed 
species are clustered in WKHs or whether the use of indicator species is more 
applicable in the selection of WKHs. The complementarity approach could 
perhaps enhance the capture of red-listed species but in relation to WKHs it has 
only been used in Norway. The results of measuring nestedness of different 
boreal species groups have also been variable and even contradictory. The 
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complexity of the assumptions behind the WKH concept increases because 
several assumptions are intertwined. Isolation and edge effect affect the lack of 
connectivity that hinders the dispersal of species and thus the function of 
metapopulations. The role of WKHs as stepping stones enhancing 
metapopulation persistence in the matrix could be important but there are 
currently too few studies to fully evaluate this.  
 

 



  

3 AIMS OF THIS THESIS  

Woodland key habitats constitute an essential instrument in the conservation of 
biodiversity in production forests in Fennoscandia and Baltic countries. Yet, a 
comprehensive view of the WKH concept and its implication is missing. To be a 
successful conservation tool, the WKH concept should first fulfil the ecological 
assumption behind the concept. Secondly, the concept should be properly 
implemented. Thirdly, if the implementation has been successful, WKHs should 
host more biodiversity qualities than production forest. Finally, WKHs should 
be able to maintain their species composition in time, also under the forest 
management practices conducted in the vicinity or even in the habitats 
themselves. Based on these themes the specific objectives of my thesis were to: 

1) Introduce the ecological assumptions behind the WKH concept  
2) Compare the definitions, inventories and implementation processes of 

WKHs in Sweden, Finland, Norway, Latvia, Estonia and Lithuania 
3) Systematically review whether the WKH concept is an efficient 

conservation tool, i.e., whether  WKHs host more biodiversity qualities 
compared to the production forest, and also whether WKHs would be 
able to maintain biodiversity qualities even when surrounded by clear 
cuts 

4) Experimentally study short-term effects of forest management 
practices on polypores and dead wood in WKHs 



  

 

4 MATERIAL AND METHODS 

4.1 Review of the WKH concepts and policy (I) 

In order to study the WKH concept thoroughly, it is necessary to get a clear and 
comprehensive picture of the subject. Hence, I conducted a review of the 
definitions, inventories and implementation processes of WKHs in Sweden, 
Finland, Norway, Latvia, Estonia and Lithuania. The potential differences in 
WKH definitions and terminologies may cause confusion and misinterpretation 
when statistics or research results about WKHs are compared, for instance, 
among countries. The material for the review consisted of official inventory 
reports, inventory handbooks and information found from the internet. We also 
consulted several experts who had been participating concretely in the planning 
of WKH inventories.  

4.2 Systematic review (II) 

To be a cost-efficient tool for sustaining biodiversity in managed forest 
landscapes WKHs should contain a higher number of biodiversity qualities, 
such as dead wood and red-listed species, than the surrounding production 
forests of similar age, and these qualities should persist even if surrounding 
forests were clear cut. Many forest-dwelling species are dependent on dead 
wood: thus, dead wood is an important biodiversity quality that should be 
abundant in WKHs. I conducted a systematic review to detect whether WKHs 
are biodiversity hotspots. Conducting a systematic review follows a certain set 
of guidelines that include protocol formation, data search strategy, data 
inclusion, data extraction, and analysis (Pullin & Steward 2006). First, I 
formulated a protocol which I then followed when I conducted the literature 
searches. I then extracted the data from the relevant studies that I found during 
the searches. For the statistical analysis of the data I used MetaWin 2.0, 
(Rosenberg et al. 2000) to conduct a meta-analysis. The chief purpose of a meta-
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analysis is to provide an estimate of the true effect based on all studies that are 
available. To obtain this estimate, different test statistics, means and variances 
or simple significance levels are first transformed into a common currency 
called effect size and then combined (Rosenthal 1991; Gurevitch & Hedges 1993; 
Cooper & Hedges 1994). 

4.3 Experimental study (III) 

In Finland, low-intensity management is permitted in WKHs if their 
characteristic features, for example their natural species composition and 
community structure, is not altered. It is unclear, however, by which 
management methods the maintenance of habitat characteristic features can be 
guaranteed. In our experimental study I explored how buffer zones and 
selective logging affect the dead wood volume and polypore species in brook-
side forests. This study is a part of a follow-up study established in 2004 and the 
before treatment data was collected in October 2004 and 2005. Treatments were 
conducted in January 2006 and after treatment data was collected during the 
October 2007.  

The study sites are situated in Central Finland, North Savonia and North 
Karelia. Twelve of the sites are situated in the southern boreal vegetation zone 
and 31 in the middle boreal vegetation zone (Ahti et al. 1968). The studied 
brook-side forests are mesic Norway spruce dominated forests. We established 
a two-by-two factorial experiment supplemented with controls. Our focal area 
in each of the experimental sites was the immediate surroundings of the brook 
(within 15m). We considered the immediate surroundings to be 15m from the 
brook. We had two manipulated factors in the experiment: the existence of a 
buffer zone (with or without) and selective logging (logged or not). The control 
sites were left outside any forest management actions. Thus, control sites are 
surrounded by a minimum of 80m of continuous forest cover in which no 
logging has taken place. Adjacent to treatment sites we conducted a minimum 
of 0.8 ha clear cut. In pursuance of the clear cutting, a 15 meter buffer zone or no 
buffer zone was left. In addition to the clear cutting, we applied selective 
logging on some of the sites by harvesting 30% of the basal area of the stand. In 
treatments without a buffer zone, the selective logging was conducted on the 
focal area whereas in treatments with the buffer zone, the selective logging was 
conducted on both the focal area and the buffer zone. Altogether there were 4 
different treatments: 1) no buffer zone, no selective logging, 2) no buffer zone 
but selective logging in the habitat, 3) buffer zone, no selective logging on the 
brook habitat, 4) buffer zone and selective logging on both the buffer zone and 
the habitat and control. Control sites were left outside of all the cutting 
activities. At each site, I measured the dead wood from 30m x 15m plots and 
polypores from 0.2ha (66.66m x 30m) plots. 

To determine the effects of selective logging and buffer zone on dead 
wood and perennial, annual, and red-listed species number and records, I 
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analyzed the data with repeated measures ANOVA. It could be expected that if 
the treatments did not have an effect, both the dead wood volume and the 
polypore diversity increase slowly in all treatments.  

I calculated the number of species that went extinct and the number of 
species that colonized each of the sites between 2004 and 2007. I calculated these 
separately for perennial, annual and red-listed polypores.  First, I analyzed the 
overall trends in extinctions and colonizations with a one-sample t-test against 
zero and then by an ANOVA testing for the treatment effects and their 
interactions.  

To see whether annual and perennial polypores behave the same way or 
whether changes in annuals are more pronounced, I analyzed the differences in 
the number of extinct and colonized species between annual and perennial 
polypores. First, I analyzed the overall trends in the difference in extinctions 
and colonizations between perennials and annuals with a paired sample t-test 
followed by repeated measures ANOVA where I entered colonization or 
extinction of perennials and annuals as the repeated measure and buffer zone 
and selective legging and their interaction as independent factors. 

 I also wanted to test for the possible changes in the polypore community 
caused by the treatments. Therefore, I employed a non-metric multidimensional 
scaling (NMDS). In NMDS, I used species abundance data and ordination was 
calculated by using relative Sørensen distance measure. Species occurring only 
once in the data were excluded from the final ordination. I conducted the 
ordination analysis with PC-Ord version 4.41 (MJM Software Design). 

Finally, I analyzed the effect of the treatments on the most abundant 
species. The analyses were conducted with repeated measures ANOVA. 

 



  

5 RESULTS AND DISCUSSION 

5.1 Woodland key habitats - concept, implementation and 
protection (I) 

The philosophy behind the WKH concept is basically the same in all of the 
countries: to protect biodiversity in production forests. Sweden and the Baltic 
countries have similar WKH models, while the models in Finland and Norway 
are clearly different. Depending on the country, the definitions emphasize 
different factors, such as soil and bedrock properties, stand structure and 
occurrence of indicator species.  

The mean size of the WKHs varied considerably, from 0.7ha (Finland) to 
4.6ha (Sweden). The degree of formal protection also differs. Preservation of 
WKHs is primarily based on forest legislation in Finland, Estonia and Latvia, 
and on forest certification in the other countries.  

The implementation of the WKH concept is nationally and regionally 
variable and susceptible to personal and communal subjectivity, resulting in 
different sets of habitats being included in the WKH networks. The control 
surveys revealed that the identification and delineation of WKHs has not been 
very comprehensive. According to control surveys this underestimation is most 
severe in Finland and Sweden, where majority of WKHs may have gone 
unnoticed.  

In order to improve the efficacy of the WKH concept more emphasis 
should be placed on the precision of implementation, including the training of 
the inventory personnel. Also, the protection of WKHs should be controlled so 
that the logging of WKHs would be subject to penalty. Clearly, WKHs are not 
able to conserve the biodiversity of production forests alone because their total 
area is limited in all the countries, all the habitat types are not adequately 
covered by WKHs and the persistence of species in WKHs is uncertain. 
However, WKHs may improve the spatial connectivity of naturally rare and 
scattered habitat types, although the functional connectivity for any particular 
species is dependent on the dispersal abilities of the species (Laita et al. 2010). 
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5.2 Hotspot or not? (II) 

In total, we included 18 relevant studies in our review, of which only two 
studied whether WKHs are able to maintain their biodiversity qualities when 
surrounded by clear cuts. Sixteen studies compared the biodiversity qualities 
between WKHs and production forests. Based on those studies, WKHs seem to 
be relative hotspots for dead wood volume, diversity of dead wood, number of 
species and number of red-listed species. Dead wood volume was significantly 
higher in WKHs (mean 19m3 ha-1) than production forests (11m3 ha-1). In 
general, the dead wood volume in production forests varies between 2 and 10 
m3 ha-1 but in old-growth forests it could be 60-90 m3 ha-1 on average (Siitonen, 
2001). Even though WKHs do have more dead wood compared to production 
forests in general, the volume of dead wood in WKHs is still rather scant when 
compared to the old-growth forests. The diversity of dead wood was 1.7 times 
higher in WKHs than production forests. In general, WKHs should represent 
remnants of old-growth forests and this could reflect the diversity of dead 
wood. Old-growth forests are structurally more diverse compared to the 
production forests, and thus the source of dead wood in WKHs has been more 
diverse. 

WKHs hosted 1.5 times more species than production forests. The 
difference was most pronounced in vascular plants and least pronounced in 
saproxylic beetles. This is quite surprising since saproxylic beetles are 
dependent on dead wood and there was significantly more dead wood in 
WKHs that in production forests. Although, saproxylic beetles may be difficult 
to sample extensively and therefore their detectability may be low.  

Significantly more red-listed species in WKHs than in production forests 
were found in Sweden and Norway but this difference between WKHs and 
production forests was not significant in Finland. However, the only red-listed 
species group studied in Finland was the polypores. According to the Swedish 
definition red-listed species are likely to occur in WKHs and the Norwegian 
definition emphasizes habitat elements that are important for species. The 
sample size from Norway was low and thus results should be interpreted with 
caution. 

In general, the lack of data is a common problem in systematic reviews 
(Steward et al. 2005) and this was also the case in our review, especially with 
studies comparing WKHs surrounded by clear cuts or production forests. It is 
also problematic to extract relevant data for meta-analysis because many of the 
studies do not report all the information needed. Further, the variable 
methodologies used in different studies complicate the interpretation of results. 
Whittaker (2010) criticized ecological meta-analyses of this reason and called for 
more rigorous and critical attitudes toward the use of meta-analyses.    
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5.3 The effects of forest management (III) 

The volume of dead wood did not differ between study sites with or without 
buffer zones even though it could have been expected due to the increased 
windthrows. It may be that during the time between the logging and the dead 
wood inventory the wind was simply not strong enough to cause windthrows. 
Also, the volume of dead wood did not differ between selectively logged 
habitats and habitats that were not selectively logged. Sippola et al. (1998) also 
concluded that the volume of dead wood did not change remarkably 2 years 
after selective logging.  

The species richness of perennial and red-listed polypores was not 
significantly affected by the treatments but the abundance of perennial 
polypores tended to increase when there was selective logging. Considering the 
number of annual species and records, a positive change took place when there 
was a buffer zone and no selective logging was done. Thus, if a brook-side key-
habitat is not selectively logged and it is surrounded by buffer zone diversity 
and abundance of fungal assemblages can be maintained or even increased. 
Effects of selective logging on annual species tended to be slightly negative and 
strongest in sites with buffer zones.  

There were significant differences in species turnover rates among the 
sites; in comparison to the controls, the number of extinctions was reduced in 
both perennial and annual species and there was a simultaneous reduction in 
the number of colonization in annual species. This result may seem unexpected 
since one could assume that forest management actions should increase 
turnover rate in polypore species assemblages. The presence of the buffer zone 
seemed to buffer the local fungal assemblages particularly well against logging 
effects on species turn-over. 

 Even though we did not detect strong overall change in the number of 
polypore species, our results indicate that the community turnover rate, in 
terms of extinctions and colonizations, is reduced in the treatment sites. 
Responses of fungal species to changes in environmental conditions and true 
extinctions and colonizations may be more profound over longer time periods 
and the extinction debt may occur only after decades. Therefore, it is important 
to conduct long-term follow-up studies. 

5.4 The role of WKHs in the conservation of forest biodiversity 

WKHs seemed to host more biodiversity qualities than production forests (II) 
and thus may have potential to function as a conservation tool. However, 
protecting only small-scale habitats in production forests is not enough to 
conserve biodiversity. My review revealed (I) that WKHs seem to be too small 
and too scattered in the production forest landscape to be able to sustain species 
persistence, especially if the quality of the matrix is poor. In small habitat 
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patches the risk of extinction of populations is increased due to small 
population sizes and edge effect. The lack of connectivity disrupts dispersal and 
migration and thus increases the risk of extinction. Therefore, more 
conservation measures are needed if the goal is to maintain a full array of 
species in boreal landscapes. 

Forest conservation has shifted its focus from a strong emphasis on 
protected areas to conservation measures in the matrix (Lindenmayer & 
Franklin, 2002). From this perspective, WKHs could serve as a potential tool for 
the conservation of forest biodiversity. However, there are several aspects that 
should be taken into account when implementing the WKH concept. First, the 
quality of the inventories should be improved so that WKH identification 
would be more thorough and efficient. The control inventories revealed (I) that 
the percentage of all assumed WKHs found during the original inventory was 
only 20 - 70% depending on the country. This may seriously undermine the 
ecological efficiency of the WKH policy. WKH based conservation should be 
considered an experiment and its effects should be systematically monitored. 
Systematic monitoring of ecological benefits and economic costs of WKHs 
would provide a solid basis for adaptive management of biodiversity in the 
boreal forest landscapes. The delimitation of the habitats should not have upper 
size limits, as is the case in Finland, where the upper size limit of a WKH is 1 ha 
in practice. This size limitation has resulted in very small WKHs in Finland, 
with the mean size of habitats being only 0.7 ha (I). The protection of WKHs 
should be emphasized so that they would not be destroyed by logging. Buffer 
zones should be left around WKHs in order to counterbalance edge effects. In 
my study (III), the buffer zone protected polypores from the edge effect when 
WKHs were adjacent to clear cuts. Also, connectivity to other protected areas in 
the landscape should be enhanced so that WKHs could operate as a part of a 
larger conservation network and not as separate network of small and scattered 
habitats (I).   

In the future, we need more information on how species are able to persist 
in WKHs if the surrounding forest is clear cut. Besides studying WKHs on the 
patch scale, considering WHKs and the conservation of forest biodiversity in 
the future should focus on the landscape scale.  We should consider all the 
available conservation tools together and combine them optimally so that they 
would complement each other.    
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YHTEENVETO (RÉSUMÉ IN FINNISH) 

Avainbiotooppien merkitys talousmetsien monimuotoisuuden säilymiselle 

Arviolta 95 - 99 % koskaan eläneistä lajeista on kuollut sukupuuttoon maapal-
lomme historian aikana. Sukupuutot kuuluvat osana elämän kiertokulkuun, 
mutta niin sanottujen sukupuuttoaaltojen aikana huomattava osa lajeista kuolee 
sukupuuttoon suhteellisen lyhyessä ajassa. Yleisimmin sukupuuttoaaltojen 
syynä ovat olleet luonnonkatastrofit. Ihmisen toiminta on kiihdyttänyt moni-
muotoisuuden häviämistä niin kovaa vauhtia, että nykytilanteen voidaan sanoa 
vastaavan sukupuuttoaaltoa. Suurin syy monimuotoisuuden häviämiselle on 
elinympäristöjen pirstoutuminen ja häviäminen. Boreaalisissa metsissä suurim-
pana ongelmana ei ole pinta-alan vaan elinympäristöjen laadun huonontumi-
nen ja sitä kautta myös elinympäristöjen väheneminen. Intensiivinen metsäta-
lous on muuttanut metsien rakennepiirteitä monille lajeille epäedulliseen suun-
taan. Fennoskandiassa vanhat metsät ovatkin ensisijaisia elinympäristöjä uhan-
alaisille lajeille. Arviolta noin viidennes Suomen metsälajeista on arvioitu hä-
vinneiksi, uhanalaisiksi tai silmälläpidettäviksi. Monimuotoisuuden vähenemi-
sen hidastamiseksi on metsätalouden toimenpiteitä muutettu osittain peh-
meämmiksi, ja useita eri keinoja on otettu käyttöön monimuotoisuuden suoje-
lemiseksi. Tällaisia keinoja ovat muun muassa kontrolloitu metsänpoltto, sääs-
töpuiden jättäminen sekä erityisten arvokkaiden elinympäristöjen (tästä eteen-
päin avainbiotooppien) suojeleminen. Avainbiotooppi-käsitteen käyttö sai al-
kunsa Ruotsista 90-luvun alussa ja sitä on sovellettu Ruotsin lisäksi Suomessa, 
Norjassa, Latviassa, Virossa ja Liettuassa. Avainbiotooppien perusajatuksena on 
toimia monimuotoisuuden keskittyminä eli uhanalaisten ja harvinaisten lajien 
elinympäristöinä.   

Väitöskirjassani tutkin sitä, mikä on avainbiotooppien merkitys talous-
metsien monimuotoisuuden säilymiselle. Ensimmäisenä selvitin kirjallisuuskat-
sauksen muodossa, kuinka avainbiotoopit määritellään ja suojellaan eri maissa 
ja kuinka avainbiotooppi-käsitteeseen pohjautuvaa suojelumenetelmää on 
toteutettu käytännössä. Aineistona käytin julkaistuja tutkimuksia ja raportteja 
sekä internetistä löytyvää tietoa. Jotta käytännöntoteutus olisi onnistunut, 
avainbiotooppien tulisi olla lajistoltaan ja rakennepiirteiltään monimuotoisem-
pia kuin talousmetsän.  Selvitin meta-analyysin avulla onko avainbiotoopeilla 
enemmän lahopuuta, lajeja ja uhanalaisia lajeja kuin talousmetsässä. Lisäksi 
pyrin selvittämään, pystyvätkö avainbiotoopit ylläpitämään monimuotoisuutta 
mikäli ne sijaitsevat avohakkuiden ympäröiminä. Aineistona tässä tutkimuk-
sessa käytin myös julkaistuja tutkimuksia. Lopuksi tutkin kokeellisesti, kuinka 
metsätaloustoimenpiteet vaikuttavat lyhyellä aikavälillä avainbiotooppien kää-
pien ja uhanalaisten kääpien lajimäärään sekä lahopuun tilavuuteen. Koe toteu-
tettiin Suomessa runsaslukuisimmilla avainbiotooppityypeillä eli purojen lä-
hiympäristöillä. Koealueiden lähiympäristöt avohakattiin ja joidenkin avainbio-
tooppien ja avohakkuiden välille jätettiin suojavyöhyke. Lisäksi osalla avainbio-
toopeista ja suojavyöhykkeistä suoritettiin poimintahakkuu. 
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Havaitsin, että avainbiotooppien määritelmät ovat lähtökohtaisesti saman-

laisia kaikissa maissa, mutta eroja löytyi maiden käytännöntoteutuksessa ja 
suojelussa.  Avainbiotooppi-käsitteen alla suojeltavat elinympäristötyypit vaih-
telivat maiden välillä. Myös avainbiotooppien keskikoko vaihteli Suomen 0,7 
hehtaarista Ruotsin 4,6 hehtaariin. Avainbiotoopit olivat lailla suojeltuja Suo-
messa, Virossa ja Latviassa, kun taas muissa maissa suojelu toteutui lähinnä 
metsäsertifioinnin avulla. Avainbiotooppien inventoinneissa oli selviä puutteita 
varsinkin Suomessa ja Ruotsissa, joissa suurin osa potentiaalisista avainbiotoo-
peista jäi rajausten ulkopuolelle.  Käytännön toteutuksen eroista johtuen avain-
biotooppiverkostostot muodostuvat erilaisista elinympäristö-tyypeistä maasta 
riippuen.  

Meta-analyysin perusteella voidaan sanoa, että avainbiotoopeilla oli mer-
kitsevästi enemmän lahopuuta, lajeja ja uhanalaisia lajeja kuin talousmetsissä. 
Myös erilaisten lahopuulajien ja lahoasteiden määrä oli avainbiotoopeilla kor-
keampi. Aineiston vähäisyyden vuoksi en voinut vastata kysymykseen, pysty-
vätkö avainbiotoopit säilyttämään monimuotoisuutta avohakkuiden keskellä. 
Tähän kysymykseen vastaavia tutkimuksia löytyi vain kaksi, mikä ei ole riittä-
vä määrä meta-analyysin tekemiseen. 

Havaitsin, että lyhyellä aikavälillä metsätoimenpiteillä ei ollut suurta vai-
kutusta monivuotisten, yksivuotisten ja uhanalaisten kääpien tai lahopuun 
määrään. Suojavyöhyke kuitenkin suojasi lajistoa silloin, kun kohteella ei ollut 
poimintahakkuuta. Kääpäyhteisössä tapahtui muutoksia siten, että sukupuutto-
jen ja kolonisaatioiden määrä laski käsittelyiden myötä. 

Tulosten perusteella voidaan sanoa, että avainbiotooppien rooli talous-
metsien monimuotoisuuden säilyttämiselle voi olla huomionarvoinen, mikäli 
ne nähdään osana suurempaa, maisematason suojelualueverkostoa. Itsessään 
avainbiotoopit voivat olla liian pieniä ja liian hajanaisesti esiintyviä pystyäk-
seen säilyttämään monimuotoisuutta pitkällä tähtäimellä. Avainbiotooppien 
inventoinnin laatuun tulisi kiinnittää enemmän huomiota ja avainbiotooppien 
koolle ei tulisi laittaa ylärajaa. Lisäksi avainbiotooppien ympärille olisi suositel-
tavaa jättää suojavyöhykkeet ja niitä tulisi suojella tehokkaammin hakkuilta. 
Ennen kuin avainbiotooppien merkitystä monimuotoisuuden ylläpitäjänä voi-
daan arvioida kokonaisvaltaisemmin, tarvitaan lisää tutkimusta avainbiotoop-
pien kyvystä turvata monimuotoisuutta pidemmällä aikavälillä.  
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lisääntymismenestystä rajoittavat tekijät. 29 p.
(95 p.). Yhteenveto 2 p. 2000.

83 KARELS, AARNO, Ecotoxicity of pulp and paper
mill effluents in fish. Responses at  biochemical,
individual, population and  community levels.
- Sellu- ja  paperiteollisuuden jätevesien
ekotoksisuus kaloille. Tutkimus kalojen
biokemiallisista, fysiologisista sekä
populaatio- ja  yhteisövasteista. 68 p. (177 p.).
Yhteenveto 1 p. Samenvatting 1 p. 2000.

84 AALTONEN, TUULA, Effects of pulp and paper
mill effluents on fish immune defence. -  Met-
säteollisuuden jätevesien aiheuttamat
immunologiset muutokset kaloissa. 62 p. (125
p.). 2000.

85 HELENIUS, MERJA, Aging-associated changes in
NF-kappa B signaling. - Ikääntymisen vaiku-
tus NF-kappa B:n signalointiin.  75 p. (143 p.).
Yhteenveto 2 p.  2000.
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86 HUOVINEN, PIRJO, Ultraviolet radiation in
aquatic environments. Underwater UV
penetration and responses in algae and
zooplankton. - Ultraviolettisäteilyn vedenalai-
nen tunkeutuminen ja sen vaikutukset leviin
ja eläinplanktoniin. 52 p. (145 p.). Yhteenveto
2 p. 2000.

87 PÄÄKKÖNEN, JARI-PEKKA, Feeding biology of
burbot, Lota lota (L.): Adaptation to profundal
lifestyle? - Mateen, Lota lota (L), ravinnon-
käytön erityispiirteet: sopeumia pohja-
elämään? 33 p. (79 p.). Yhteenveto 2 p. 2000.

88 LAASONEN, PEKKA, The effects of stream habit
restoration on benthic communities in boreal
headwater streams. - Koskikunnostuksen
vaikutus jokien pohjaeläimistöön. 32 p. (101
p.). Yhteenveto 2 p. 2000.

89 PASONEN, HANNA-LEENA, Pollen competition in
silver birch (Betula pendula Roth). An
evolutionary perspective and implications for
commercial seed production. -
Siitepölykilpailu koivulla. 41 p. (115 p.).
Yhteenveto 2 p. 2000.

90 SALMINEN, ESA, Anaerobic digestion of solid
poultry slaughterhouse by-products and
wastes. - Siipikarjateurastuksen sivutuottei-
den ja jätteiden anaerobinen käsittely. 60 p.
(166 p.). Yhteenveto 2 p. 2000.

91 SALO, HARRI, Effects of ultraviolet radiation on
the immune system of fish. - Ultravioletti-
säteilyn vaikutus kalan immunologiseen
puolustusjärjestelmään. 61 p. (109 p.).
Yhteenveto 2 p. 2000.

92 MUSTAJÄRVI, KAISA, Genetic and ecological
consequences of small population size in
Lychnis viscaria. - Geneettisten ja ekologisten
tekijöiden vaikutus pienten mäkitervakko-
populaatioiden elinkykyyn. 33 p. (124 p.).
Yhteenveto 3 p. 2000.
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93 TIKKA, PÄIVI, Threatened flora of semi-natural
grasslands: preservation and restoration. -
Niittykasvillisuuden säilyttäminen ja
ennallistaminen. 35 p. (105 p.). Yhteenveto 2 p.
2001.

94 SIITARI, HELI, Ultraviolet sensitivity in birds:
consequences on foraging and mate choice. -
Lintujen ultraviolettinäön ekologinen mer-
kitys ravinnon- ja puolisonvalinnassa. 31 p.
(90 p.). Yhteenveto 2 p. 2001.

95 VERTAINEN, LAURA, Variation in life-history
traits and behaviour among wolf spider
(Hygrolycosa rubrofasciata) populations. -
Populaatioiden väliset erot rummuttavan
hämähäkin Hygrolycosa rubrofasciata) kasvus-
sa ja käyttäytymisessä. 37 p. (117 p.)
Yhteenveto 2 p. 2001.

96 HAAPALA, ANTTI, The importance of particulate
organic matter to invertebrate communities of
boreal woodland streams. Implications for
stream restoration. - Hiukkasmaisen orgaanisen
aineksen merkitys pohjoisten metsäjokien pohja-
eläinyhteisöille - huomioita virtavesien
kunnostushankkeisiin. 35 p. (127 p.) Yhteenveto 2
p. 2001.

97 NISSINEN, LIISA, The collagen receptor integrins
- differential regulation of their expression and
signaling functions. - Kollageeniin sitoutuvat
integriinit - niiden toisistaan eroava säätely ja
signalointi. 67 p. (125 p.) Yhteenveto 1 p. 2001.

98 AHLROTH, MERVI, The chicken avidin gene
family. Organization, evolution and frequent
recombination. - Kanan avidiini-geeniperhe.
Organisaatio, evoluutio ja tiheä
rekombinaatio. 73 p. (120 p.) Yhteenveto 2 p.
2001.

99 HYÖTYLÄINEN, TARJA, Assessment of
ecotoxicological effects of creosote-
contaminated lake sediment and its
remediation.  - Kreosootilla saastuneen
järvisedimentin ekotoksikologisen riskin
ja kunnostuksen arviointi. 59 p.  (132 p.)
Yhteenveto 2 p. 2001.

100 SULKAVA, PEKKA, Interactions between faunal
community and decomposition processes in
relation to microclimate and heterogeneity in
boreal forest soil. - Maaperän eliöyhteisön ja
hajotusprosessien väliset vuorovaiku-tukset
suhteessa mikroilmastoon ja laikut-taisuuteen.
36 p. (94 p.) Yhteenveto 2 p. 2001.

101 LAITINEN, OLLI,  Engineering of
physicochemical properties and quaternary
structure assemblies of avidin and
streptavidin, and characterization of avidin
related proteins. - Avidiinin ja streptavi-diinin
kvaternäärirakenteen ja fysioke-miallisten
ominaisuuksien muokkaus sekä avidiinin
kaltaisten proteiinien karakteri-sointi. 81 p.
(126 p.)  Yhteenveto 2 p. 2001.

102 LYYTINEN, ANNE, Insect coloration as a defence
mechanism against visually hunting

predators. - Hyönteisten väritys puolustukses-
sa vihollisia vastaan. 44 p. (92 p.) Yhteenveto
3 p. 2001.

103 NIKKILÄ, ANNA, Effects of organic material on
the bioavailability, toxicokinetics and toxicity
of xenobiotics in freshwater organisms. -
Orgaanisen aineksen vaikutus vierasaineiden
biosaatavuuteen, toksikokinetiikkaan ja
toksisuuteen vesieliöillä. 49 p. (102 p.)
Yhteenveto 3 p. 2001.

104 LIIRI, MIRA, Complexity of soil faunal
communities in relation to ecosystem
functioning in coniferous forrest soil. A
disturbance oriented study. - Maaperän
hajottajaeliöstön monimuotoisuuden merkitys
metsäekosysteemin toiminnassa ja häiriön-
siedossa. 36 p. (121 p.) Yhteenveto 2 p. 2001.

105 KOSKELA, TANJA, Potential for coevolution in a
host plant – holoparasitic plant interaction. -
Isäntäkasvin ja täysloiskasvin välinen vuoro-
vaikutus: edellytyksiä koevoluutiolle? 44 p.
(122 p.) Yhteenveto 3 p. 2001.

106 LAPPIVAARA, JARMO,  Modifications of acute
physiological stress response in whitefish
after prolonged exposures to water of
anthropogenically impaired quality. -
Ihmistoiminnan aiheuttaman veden laadun
heikentymisen vaikutukset planktonsiian
fysiologisessa stressivasteessa. 46 p. (108 p.)
Yhteenveto 3 p. 2001.

107 ECCARD, JANA, Effects of competition and
seasonality on life history traits of bank voles.
- Kilpailun ja vuodenaikaisvaihtelun vaikutus
metsämyyrän elinkiertopiirteisiin.
29 p. (115 p.) Yhteenveto 2 p. 2002.

108 NIEMINEN, JOUNI, Modelling the functioning of
experimental soil food webs. - Kokeellisten
maaperäravintoverkkojen toiminnan
mallintaminen. 31 p. (111 p.) Yhteenveto
2 p. 2002.

109 NYKÄNEN, MARKO, Protein secretion in
Trichoderma reesei. Expression, secretion and
maturation of cellobiohydrolase I, barley
cysteine proteinase and calf chymosin in Rut-
C30. - Proteiinien erittyminen Trichoderma
reeseissä. Sellobiohydrolaasi I:n, ohran
kysteiiniproteinaasin sekä vasikan
kymosiinin ilmeneminen, erittyminen ja
kypsyminen Rut-C30-mutanttikannassa.   107
p. (173 p.) Yhteenveto 2 p. 2002.

110 TIIROLA, MARJA, Phylogenetic analysis of
bacterial diversity using ribosomal RNA
gene sequences. - Ribosomaalisen RNA-
geenin sekvenssien käyttö bakteeridiver-
siteetin fylogeneettisessä analyysissä. 75 p.
(139 p.) Yhteenveto 2 p. 2002.

111 HONKAVAARA, JOHANNA, Ultraviolet cues in fruit-
frugivore interactions. - Ultraviolettinäön
ekologinen merkitys hedelmiä syövien eläin-
ten ja hedelmäkasvien välisissä vuoro-
vaikutussuhteissa. 27 p. (95 p.) Yhteenveto
2 p. 2002.
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112 MARTTILA, ARI, Engineering of charge, biotin-
binding and oligomerization of avidin: new
tools for avidin-biotin technology. - Avidiinin
varauksen, biotiininsitomisen sekä
oligomerisaation muokkaus: uusia työkaluja
avidiini–biotiiniteknologiaan. 68 p. (130 p.)
Yhteenveto 2 p. 2002.

113 JOKELA, JARI, Landfill operation and waste
management procedures in the reduction of
methane and leachate pollutant emissions
from municipal solid waste landfills. - Kaato-
paikan operoinnin ja jätteen esikäsittelyn
vaikutus yhdyskuntajätteen biohajoamiseen ja
typpipäästöjen hallintaan. 62 p. (173 p.)
Yhteenveto 3 p. 2002.

114 RANTALA, MARKUS J., Immunocompetence and
sexual selection in insects. - Immunokom-
petenssi ja seksuaalivalinta hyönteisillä. 23 p.
(108 p.) Yhteenveto 1 p. 2002.

115 OKSANEN, TUULA, Cost of reproduction and
offspring quality in the evolution of
reproductive effort. - Lisääntymisen kustan-
nukset ja poikasten laatu lisääntymispanos-
tuksen evoluutiossa. 33 p. (95 p.) Yhteenveto
2 p. 2002.

116 HEINO, JANI, Spatial variation of benthic
macroinvertebrate biodiversity in boreal
streams. Biogeographic context and
conservation implications. - Pohjaeläinyh-
teisöjen monimuotoisuuden spatiaalinen
vaihtelu pohjoisissa virtavesissä - eliömaan-
tieteellinen yhteys sekä merkitys jokivesien
suojelulle. 43 p. (169 p.) Yhteenveto 3 p. 2002.

117 SIIRA-PIETIKÄINEN, ANNE, Decomposer
community in boreal coniferous forest soil
after forest harvesting: mechanisms behind
responses. - Pohjoisen havumetsämaan
hajottajayhteisö hakkuiden jälkeen: muutok-
siin johtavat mekanismit. 46 p. (142 p.) Yh-
teenveto 3 p. 2002.

118 KORTET, RAINE, Parasitism, reproduction and
sexual selection of roach, Rutilus rutilus L.  -
Loisten ja taudinaiheuttajien merkitys kalan
lisääntymisessä ja seksuaalivalinnassa. 37 p.
(111 p.) Yhteenveto 2 p. 2003.

119 SUVILAMPI, JUHANI, Aerobic wastewater
treatment under high and varying
temperatures – thermophilic process
performance and effluent quality. - Jätevesien
käsittely korkeissa ja vaihtelevissa lämpöti-
loissa. 59 p. (156 p.) Yhteenveto 2 p. 2003.

120 PÄIVINEN, JUSSI, Distribution, abundance and
species richness of butterflies and
myrmecophilous beetles. - Perhosten ja
muurahaispesissä elävien kovakuoriaisten
levinneisyys, runsaus ja lajistollinen moni-
muotoisuus  44 p. (155 p.) Yhteenveto 2 p.
2003.

121 PAAVOLA, RIKU, Community structure of
macroinvertebrates, bryophytes and fish in
boreal streams. Patterns from local to regional
scales, with conservation implications. -
Selkärangattomien, vesisammalten ja kalojen

yhteisörakenne pohjoisissa virtavesissä –
säännönmukaisuudet paikallisesta mittakaa-
vasta alueelliseen ja luonnonsuojelullinen
merkitys. 36 p. (121 p.) Yhteenveto 3 p. 2003.

122 SUIKKANEN, SANNA, Cell biology of canine
parvovirus entry. - Koiran parvovirusinfektion
alkuvaiheiden solubiologia. 88 p. (135 p.)
Yhteenveto 3 p. 2003.

123 AHTIAINEN, JARI JUHANI, Condition-dependence
of male sexual signalling in the drumming
wolf spider Hygrolycosa rubrofasciata.  -
Koiraan seksuaalisen signaloinnin kunto-
riippuvuus rummuttavalla susihämähäkillä
Hygrolycosa rubrofasciata. 31 p. (121 p.) Yhteen-
veto 2 p. 2003.

124 KAPARAJU, PRASAD, Enhancing methane
production in a farm-scale biogas production
system. - Metaanintuoton tehostaminen
tilakohtaisessa biokaasuntuotanto-
järjestelmässä. 84 p. (224 p.) Yhteenveto 2 p.
2003.

125 HÄKKINEN, JANI, Comparative sensitivity of
boreal fishes to UV-B and UV-induced
phototoxicity of retene. - Kalojen varhais-
vaiheiden herkkyys UV-B säteilylle ja reteenin
UV-valoindusoituvalle toksisuudelle. 58 p.
(134 p.) Yhteenveto 2 p. 2003.

126 NORDLUND, HENRI, Avidin engineering;
modification of function, oligomerization,
stability and structure topology. - Avidiinin
toiminnan, oligomerisaation, kestävyyden ja
rakennetopologian muokkaaminen. 64 p.
(104 p.)  Yhteenveto 2 p. 2003.

127 MARJOMÄKI, TIMO J., Recruitment variability in
vendace, Coregonus albula (L.), and its
consequences for vendace harvesting. -
Muikun, Coregonus albula (L.), vuosiluokkien
runsauden vaihtelu ja sen vaikutukset kalas-
tukseen. 66 p. (155 p.) Yhteenveto 2 p. 2003.

128 KILPIMAA, JANNE, Male ornamentation and
immune function in two species of passerines.
- Koiraan ornamentit ja immuunipuolustus
varpuslinnuilla. 34 p. (104 p.) Yhteenveto 1 p.
2004.

129 PÖNNIÖ, TIIA, Analyzing the function of
nuclear receptor Nor-1 in mice. - Hiiren
tumareseptori Nor-1:n toiminnan tutkiminen.
65 p. (119 p.) Yhteenveto 2 p. 2004.

130 WANG, HONG, Function and structure,
subcellular localization and evolution of the
encoding gene of pentachlorophenol 4-
monooxygenase in sphingomonads. 56 p.
(90 p.) 2004.

131 YLÖNEN, OLLI, Effects of enhancing UV-B
irradiance on the behaviour, survival and
metabolism of coregonid larvae. - Lisääntyvän
UV-B säteilyn vaikutukset siikakalojen
poikasten käyttäytymiseen, kuolleisuuteen ja
metaboliaan. 42 p. (95 p.) Yhteenveto 2 p.
2004.
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132 KUMPULAINEN, TOMI, The evolution and
maintenance of reproductive strategies in bag
worm moths (Lepidoptera: Psychidae).
- Lisääntymisstrategioiden evoluutio ja säily-
minen pussikehrääjillä (Lepidoptera:
Psychidae). 42 p. (161 p.) Yhteenveto 3 p.
2004.

133 OJALA, KIRSI, Development and applications of
baculoviral display techniques. - Bakulo-
virus display -tekniikoiden kehittäminen ja
sovellukset.  90 p. (141 p.) Yhteenveto 3 p.
2004.

134 RANTALAINEN, MINNA-LIISA, Sensitivity of soil
decomposer communities to habitat
fragmentation – an experimental approach. -
Metsämaaperän hajottajayhteisön vasteet
elinympäristön pirstaloitumiseen. 38 p.
(130 p.) Yhteenveto 2 p. 2004.

135 SAARINEN, MARI, Factors contributing to the
abundance of the ergasilid copepod,
Paraergasilus rylovi, in its freshwater
molluscan host, Anodonta piscinalis. -
Paraergasilus rylovi -loisäyriäisen esiintymi-
seen ja runsauteen vaikuttavat tekijät
Anodonta piscinalis -pikkujärvisimpukassa.
47 p. (133 p.) Yhteenveto 4 p. 2004.

136 LILJA, JUHA, Assessment of fish migration in
rivers by horizontal echo sounding: Problems
concerning side-aspect target strength.
- Jokeen vaeltavien kalojen laskeminen sivut-
taissuuntaisella kaikuluotauksella: sivu-
aspektikohdevoimakkuuteen liittyviä ongel-
mia. 40 p. (82 p.) Yhteenveto 2 p. 2004.

142 PYLKKÖ, PÄIVI, Atypical Aeromonas salmonicida
 -infection as a threat to farming of arctic charr
(Salvelinus alpinus L.) and european grayling
(Thymallus thymallus L.) and putative means to
prevent the infection. - Epätyyppinen Aero-
monas salmonicida -bakteeritartunta uhkana
harjukselle (Thymallus thymallus L.) ja nieriälle
(Salvelinus alpinus L.) laitoskasvatuksessa ja
mahdollisia keinoja tartunnan ennalta-
ehkäisyyn. 46 p. (107 p.) Yhteenveto 2 p. 2004.

143 PUURTINEN, MIKAEL, Evolution of hermaphro-
ditic mating systems in animals. - Kaksi-
neuvoisten lisääntymisstrategioiden evoluu-
tio eläimillä. 28 p. (110 p.) Yhteenveto 3 p.
2004.

144 TOLVANEN, OUTI, Effects of waste treatment
technique and quality of waste on bioaerosols
in Finnish waste treatment plants. - Jätteen-
käsittelytekniikan ja jätelaadun vaikutus
bioaerosolipitoisuuksiin suomalaisilla jätteen-
käsittelylaitoksilla. 78 p. (174 p.) Yhteenveto
4 p. 2004.

145 BOADI, KWASI OWUSU, Environment and health
in the Accra metropolitan area, Ghana. -
Accran (Ghana) suurkaupunkialueen ympä-
ristö ja terveys. 33 p. (123 p.) Yhteenveto 2 p.
2004.

146 LUKKARI, TUOMAS, Earthworm responses to
metal contamination: Tools for soil quality
assessment.  - Lierojen vasteet
metallialtistukseen: käyttömahdollisuudet
maaperän tilan arvioinnissa. 64 p. (150 p.)
Yhteenveto 3 p. 2004.

147 MARTTINEN, SANNA, Potential of municipal
sewage treatment plants to remove bis(2-
ethylhexyl) phthalate. - Bis-(2-etyyli-
heksyyli)ftalaatin poistaminen jätevesistä
yhdyskuntajätevedenpuhdistamoilla. 51 p.
(100 p.) Yhteenveto 2 p. 2004.

148 KARISOLA, PIIA, Immunological characteri-
zation and engineering of the major latex
allergen, hevein (Hev b 6.02). - Luonnon-
kumiallergian pääallergeenin, heveiinin
(Hev b 6.02), immunologisten ominaisuuksien
karakterisointi ja muokkaus. 91 p. (113 p.)
Yhteenveto 2 p. 2004.

149 BAGGE, ANNA MARIA, Factors affecting the
development and structure of monogenean
communities on cyprinid fish. - Kidus-
loisyhteisöjen rakenteeseen ja kehitykseen
vaikuttavat tekijät sisävesikaloilla. 25 p.
(76 p.) Yhteenveto 1 p. 2005.

150 JÄNTTI, ARI, Effects of interspecific relation-
ships in forested landscapes on breeding
success in Eurasian treecreeper. - Lajien-
välisten suhteiden vaikutus puukiipijän
pesintämenestykseen metsäympäristössä.
39 p. (104 p.) Yhteenveto 2 p. 2005.

151 TYNKKYNEN, KATJA, Interspecific interactions
and selection on secondary sexual characters
in damselflies. - Lajienväliset vuorovaikutuk-
set ja seksuaaliominaisuuksiin kohdistuva
valinta sudenkorennoilla. 26 p. (86 p.) Yh-
teenveto 2 p. 2005.

137 NYKVIST, PETRI, Integrins as cellular receptors
for fibril-forming and transmembrane
collagens. - Integriinit reseptoreina fibril-
laarisille ja transmembraanisille kolla-
geeneille. 127 p. (161 p.) Yhteenveto 3 p. 2004.

138 KOIVULA, NIINA, Temporal perspective of
humification of organic matter. - Orgaanisen
aineen humuistuminen tarkasteltuna ajan
funktiona. 62 p. (164 p.) Yhteenveto 2 p. 2004.

139 KARVONEN, ANSSI, Transmission of Diplostomum
spathaceum between intermediate hosts.
- Diplostomum spathaceum -loisen siirtyminen
kotilo- ja kalaisännän välillä. 40 p. (90 p.)
Yhteenveto 2 p. 2004.

140 NYKÄNEN, MARI, Habitat selection by riverine
grayling, Thymallus thymallus L. - Harjuksen
(Thymallus thymallus L.) habitaatinvalinta
virtavesissä. 40 p. (102 p.) Yhteenveto 3 p. 2004.

141 HYNYNEN, JUHANI, Anthropogenic changes in
Finnish lakes during the past 150 years
inferred from benthic invertebrates and their
sedimentary remains. - Ihmistoiminnan
aiheuttamat kuormitusmuutokset suomalaisis-
sa järvissä viimeksi kuluneiden 150 vuoden
aikana tarkasteltuina pohjaeläinyhteisöjen
avulla. 45 p. (221 p.) Yhteenveto 3 p. 2004.
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152 HAKALAHTI, TEIJA, Studies of the life history of a
parasite: a basis for effective population
management. - Loisen elinkiertopiirteet:
perusta tehokkaalle torjunnalle. 41 p. (90 p.)
Yhteenveto 3 p. 2005.

153 HYTÖNEN, VESA, The avidin protein family:
properties of family members and engineering
of novel biotin-binding protein tools. - Avidiini-
proteiiniperhe: perheen jäsenten ominaisuuk-
sia ja uusia biotiinia sitovia proteiiniyökaluja.
94 p. (124 p.) Yhteenveto 2 p. 2005.

154 GILBERT, LEONA , Development of biotechnological
tools for studying infectious pathways of
canine and human parvoviruses. 104 p.
(156 p.) 2005.

155 SUOMALAINEN, LOTTA-RIINA, Flavobacterium
columnare in Finnish fish farming:
characterisation and putative disease
management strategies. - Flavobacterium
columnare Suomen kalanviljelyssä:
karakterisointi ja mahdolliset torjunta-
menetelmät. 52 p. (110 p.) Yhteenveto 1 p.
2005.

156 VEHNIÄINEN, EEVA-RIIKKA, Boreal fishes and
ultraviolet radiation: actions of UVR at
molecular and individual levels. - Pohjoisen
kalat ja ultraviolettisäteily: UV-säteilyn
vaikutukset molekyyli- ja yksilötasolla. 52 p.
(131 p.) 2005.

157 VAINIKKA, ANSSI, Mechanisms of honest sexual
signalling and life history trade-offs in three
cyprinid fishes. - Rehellisen seksuaalisen
signaloinnin ja elinkiertojen evoluution
mekanismit kolmella särkikalalla. 53 p.
(123 p.) Yhteenveto 2 p. 2005.

158 LUOSTARINEN, SARI, Anaerobic on-site
wastewater treatment at low temperatures.
Jätevesien kiinteistö- ja kyläkohtainen
anaerobinen käsittely alhaisissa lämpötilois-
sa. 83 p. (168 p.) Yhteenveto 3 p. 2005.

159 SEPPÄLÄ, OTTO, Host manipulation by
parasites: adaptation to enhance
transmission? Loisten kyky manipuloida
isäntiään: sopeuma transmission tehostami-
seen? 27 p. (67 p.) Yhteenveto 2 p. 2005.

160 SUURINIEMI, MIIA, Genetics of children’s
bone growth. - Lasten luuston kasvun gene-
tiikka. 74 p. (135 p.) Yhteenveto 3 p. 2006.

161 TOIVOLA, JOUNI, Characterization of viral
nanoparticles and virus-like structures by
using fluorescence correlation spectroscopy
(FCS) . - Virus-nanopartikkelien sekä virusten
kaltaisten rakenteiden tarkastelu fluoresenssi
korrelaatio spektroskopialla. 74 p. (132 p.)
Yhteenveto 2 p. 2006.

162 KLEMME, INES, Polyandry and its effect on male
and female fitness. - Polyandria ja sen vaiku-
tukset koiraan ja naaraan kelpoisuuteen 28 p.
(92 p.) Yhteenveto 2 p. 2006.

163 LEHTOMÄKI, ANNIMARI, Biogas production from
energy crops and crop residues. - Energia-
kasvien ja kasvijätteiden hyödyntäminen
biokaasun tuotannossa. 91 p. (186 p.) Yhteen-
veto 3 p. 2006.

164 ILMARINEN, KATJA, Defoliation and plant–soil
interactions in grasslands. - Defoliaatio ja
kasvien ja maaperän väliset vuorovaikutukset
niittyekosysteemeissä. 32 p. (111 p.) Yhteenve-
to 2 p. 2006.

165 LOEHR, JOHN,  Thinhorn sheep evolution and
behaviour. - Ohutsarvilampaiden evoluutio ja
käyttäytyminen. 27 p. (89 p.) Yhteenveto 2 p.
2006.

166 PAUKKU, SATU,  Cost of reproduction in a seed
beetle: a quantitative genetic perspective. -
Lisääntymisen kustannukset jyväkuoriaisella:
kvantitatiivisen genetiikan näkökulma. 27 p.
(84 p.) Yhteenveto 1 p. 2006.

167 OJALA, KATJA, Variation in defence and its
fitness consequences in aposematic animals:
interactions among diet, parasites and
predators. -   Puolustuskyvyn vaihtelu ja sen
merkitys aposemaattisten eläinten kelpoisuu-
teen: ravinnon, loisten ja saalistajien vuoro-
vaikutus. 39 p. (121 p.) Yhteenveto 2 p. 2006.

168 MATILAINEN, HELI, Development of baculovirus
display strategies towards targeting to tumor
vasculature. -   Syövän suonitukseen
kohdentuvien bakulovirus display-vektorien
kehittäminen.  115 p. (167 p.) Yhteenveto 2 p.
2006.

169 KALLIO, EVA R., Experimental ecology on the
interaction between the Puumala hantavirus
and its host, the bank vole. - Kokeellista
ekologiaa Puumala-viruksen ja metsämyyrän
välisestä vuorovaikutussuhteesta. 30 p. (75 p.)
Yhteenveto 2 p. 2006.

170 PIHLAJA, MARJO, Maternal effects in the magpie.
- Harakan äitivaikutukset. 39 p. (126p.)
Yhteenveto 1 p. 2006.

171 IHALAINEN, EIRA, Experiments on defensive
mimicry: linkages between predator behaviour
and qualities of the prey. - Varoitussignaalien
jäljittely puolustusstrategiana: kokeita peto–
saalis-suhteista. 37 p. (111 p.) Yhteenveto 2 p.
2006.

172 LÓPEZ-SEPULCRE, ANDRÉS, The evolutionary
ecology of space use and its conservation
consequences. - Elintilan käytön ja reviiri-
käyttäytymisen evoluutioekologia
luonnonsuojelullisine seuraamuksineen. 32 p.
(119 p.) Yhteenveto 2 p. 2007.

173   TULLA, MIRA, Collagen receptor integrins:
evolution, ligand binding selectivity and the
effect of activation. - Kollageenireseptori-
integriiniien evoluutio, ligandin sitomis-
valikoivuus ja aktivaation vaikutus. 67 p. (129
p.) Yhteenveto 2 p. 2007.

174 SINISALO, TUULA, Diet and foraging of ringed
seals in relation to helminth parasite
assemblages. - Perämeren ja Saimaan norpan
suolistoloisyhteisöt ja niiden hyödyntäminen
hylkeen yksilöllisen ravintoekologian selvittä-
misessä. 38 p. (84 p.) Yhteenveto 2 p. 2007.



JYVÄSKYLÄ STUDIES IN BIOLOGICAL AND ENVIRONMENTAL SCIENCE

175 TOIVANEN, TERO,  Short-term effects of forest
restoration on beetle diversity.  - Metsien
ennallistamisen merkitys kovakuoriaislajiston
monimuotoisuudelle. 33 p. (112 p.) Yhteenveto
2 p. 2007.

176 LUDWIG, GILBERT,  Mechanisms of population
declines in boreal forest grouse. - Kanalintu-
kantojen laskuun vaikuttavat tekijät. 48 p. (138
p.) Yhteenveto 2 p. 2007.

177 KETOLA, TARMO, Genetics of condition and
sexual selection. - Kunnon ja seksuaalivalin-
nan genetiikka. 29 p. (121 p.) Yhteenveto  2 p.
2007.

178 SEPPÄNEN, JANNE-TUOMAS, Interspecific social
information in habitat choice. - Lajienvälinen
sosiaalinen informaatio habitaatinvalin-
nassa. 33 p. (89 p.) Yhteenveto 2 p. 2007.

179 BANDILLA, MATTHIAS, Transmission and host
and mate location in the fish louse Argulus
coregoni and its link with bacterial disease in
fish. - Argulus coregoni -kalatäin siirtyminen
kalaisäntään, isännän ja parittelukumppanin
paikallistaminen sekä loisinnan yhteys kalan
bakteeritautiin. 40 p. (100 p.) Yhteenveto 3 p.
Zusammenfassung 4 p. 2007.

180 MERILÄINEN, PÄIVI, Exposure assessment of
animals to sediments contaminated by pulp
and paper mills. - Sellu- ja paperiteollisuuden
saastuttamat sedimentit altistavana tekijänä
vesieläimille. 79 p. (169 p.) Yhteenveto 2 p.
2007.

181 ROUTTU, JARKKO, Genetic and phenotypic
divergence in Drosophila virilis and
D. montana. - Geneettinen ja fenotyyppinen
erilaistuminen Drosophila virilis ja D. montana
lajien mahlakärpäsillä. 34 p. (106 p.) Yhteen-
veto 1 p. 2007.

182 BENESH, DANIEL P., Larval life history,
transmission strategies, and the evolution of
intermediate host exploitation by complex
life-cycle parasites. - Väkäkärsämatotoukkien
elinkierto- ja transmissiostrategiat sekä väli-
isännän hyväksikäytön evoluutio. 33 p. (88 p.)
Yhteenveto 1 p. 2007.

183 TAIPALE, SAMI, Bacterial-mediated terrestrial
carbon in the foodweb of humic lakes.
-  Bakteerivälitteisen terrestrisen hiilen
merkitys humusjärvien ravintoketjussa. 61 p.
(131 p.) Yhteenveto 5 p. 2007.

184 KILJUNEN, MIKKO, Accumulation of
organochlorines in Baltic Sea fishes. -
Organoklooriyhdisteiden kertyminen Itäme-
ren kaloihin. 45 p. (97 p.) Yhteenveto 3 p.
2007.

185 SORMUNEN, KAI MARKUS, Characterisation of
landfills for recovery of methane and control
of emissions. - Kaatopaikkojen karakterisointi
metaanipotentiaalin hyödyntämiseksi ja
päästöjen vähentämiseksi. 83 p. (157 p.)
Yhteenveto 2 p. 2008.

186 HILTUNEN, TEPPO, Environmental fluctuations
and predation modulate community

dynamics and diversity.- Ympäristön vaihte-
lut ja saalistus muokkaavat yhteisön dyna-
miikkaa ja diversiteettiä. 33 p. (100 p.) Yhteen-
veto 2 p. 2008.

 187 SYVÄRANTA, JARI, Impacts of biomanipulation
on lake ecosystem structure revealed by stable
isotope analysis. - Biomanipulaation vaiku-
tukset järviekosysteemin rakenteeseen vakai-
den isotooppien avulla tarkasteltuna. 46 p.
(105 p.) Yhteenveto 4 p. 2008.

 188 MATTILA, NIINA, Ecological traits as
determinants of extinction risk and
distribution change in Lepidoptera. - Perhos-
ten uhanalaisuuteen vaikuttavat ekologiset
piirteet. 21 p. (67 p.) Yhteenveto 1 p. 2008.

 189 UPLA, PAULA, Integrin-mediated entry of
echovirus 1. -  Echovirus 1:n integriini-
välitteinen sisäänmeno soluun. 86 p. (145 p.)
Yhteenveto 2 p. 2008.

190 KESKINEN, TAPIO, Feeding ecology and
behaviour of pikeperch, Sander lucioperca (L.)
in boreal lakes. - Kuhan (Sander lucioperca
(L.)) ravinnonkäyttö ja käyttäytyminen
boreaalisissa järvissä. 54 p. (136 p.) Yhteen-
veto 3 p. 2008.

191 LAAKKONEN, JOHANNA, Intracellular delivery of
baculovirus and streptavidin-based vectors
in vitro – towards novel therapeutic
applications. - Bakulovirus ja streptavidiini
geeninsiirtovektoreina ihmisen soluissa.
81 p. (142 p.) Yhteenveto 2 p. 2008.

192 MICHEL, PATRIK, Production, purification and
evaluation of insect cell-expressed proteins
with diagnostic potential. - Diagnostisesti
tärkeiden proteiinien tuotto hyönteissolussa
sekä niiden puhdistus ja karakterisointi.
100 p. (119 p.) Yhteenveto 2 p. 2008.

193 LINDSTEDT, CARITA, Maintenance of variation in
warning signals under opposing selection
pressures. - Vastakkaiset evolutiiviset valinta-
paineet ylläpitävät vaihtelua varoitussigna-
loinnissa. 56 p. (152 p.)  Yhteenveto 2 p. 2008.

194 BOMAN, SANNA, Ecological and genetic factors
contributing to invasion success: The
northern spread of the Colorado potato beetle
(Leptinotarsa decemlineata). -  Ekologisten ja
geneettisten tekijöiden vaikutus koloradon-
kuoriaisen (Leptinotarsa decemlineata)
leviämismenestykseen. 50 p. (113 p.) Yhteen-
veto 3 p. 2008.

195 MÄKELÄ, ANNA, Towards therapeutic gene
delivery to human cancer cells. Targeting and
entry of baculovirus. - Kohti terapeuttista
geeninsiirtoa: bakuloviruksen kohdennus ja
sisäänmeno ihmisen syöpäsoluihin. 103 p.
(185 p.)Yhteenveto 2 p. 2008.

196 LEBIGRE, CHRISTOPHE, Mating behaviour of the
black grouse. Genetic characteristics and
physiological consequences. - Teeren
pariutumiskäyttäytyminen. Geneettiset tekijät
ja fysiologiset seuraukset . 32 p.  (111
p.)Yhteenveto 2 p. 2008.



JYVÄSKYLÄ STUDIES IN BIOLOGICAL AND ENVIRONMENTAL SCIENCE

197 KAKKONEN, ELINA, Regulation of raft-derived
endocytic pathways – studies on echovirus 1
and baculovirus. - Echovirus 1:n ja
bakuloviruksen soluun sisäänmenon reitit ja
säätely. 96 p. (159 p.) Yhteenveto 2 p. 2009.

198 TENHOLA-ROININEN, TEIJA, Rye doubled haploids
– production and use in mapping studies. -
Rukiin kaksoishaploidit – tuotto ja käyttö
kartoituksessa. 93 p. (164 p.) Yhteenveto 3 p.
2009.

199 TREBATICKÁ, LENKA, Predation risk shaping
individual behaviour, life histories and
species interactions in small mammals. -
Petoriskin vaikutus yksilön käyttäytymiseen,
elinkiertopiirteisiin ja yksilöiden välisiin
suhteisiin. 29 p. (91 p.) Yhteenveto 3 p. 2009.

200 PIETIKÄINEN, ANNE, Arbuscular mycorrhiza,
resource availability and belowground
interactions between plants and soil microbes.
- Arbuskelimykorritsa, resurssien saatavuus ja
maanalaiset kasvien ja mikrobien väliset
vuorovaikutukset. 38 p. (119 p.) Yhteenveto
2 p. 2009.

201 AROVIITA, JUKKA, Predictive models in
assessment of macroinvertebrates in boreal
rivers. - Ennustavat mallit jokien
pohjaeläimistön tilan arvioinnissa.  45 p.
(109 p.) Yhteenveto 3 p. 2009.

202 RASI, SAIJA, Biogas composition and upgrading
to biomethane. - Biokaasun koostumus ja
puhdistaminen biometaaniksi.  76 p.
(135 p.) Yhteenveto 3 p. 2009.

203 PAKKANEN, KIRSI, From endosomes onwards.
Membranes, lysosomes and viral capsid
interactions. - Endosomeista eteenpäin.
Lipidikalvoja, lysosomeja ja viruskapsidin
vuorovaikutuksia. 119 p. (204 p.) Yhteenveto
2 p. 2009.

204 MARKKULA, EVELIINA, Ultraviolet B radiation
induced alterations in immune function of
fish, in relation to habitat preference and
disease resistance. - Ultravioletti B -säteilyn
vaikutus kalan taudinvastustuskykyyn ja
immunologisen puolustusjärjestelmän toimin-
taan. 50 p. (99 p.) Yhteenveto 2 p. 2009.

205 IHALAINEN, TEEMU, Intranuclear dynamics in
parvovirus infection. - Tumansisäinen dyna-
miikka parvovirus infektiossa. 86 p. (152 p.)
Yhteenveto 3 p. 2009.

206 KUNTTU, HEIDI, Characterizing the bacterial fish
pathogen Flavobacterium columnare, and some
factors affecting its pathogenicity. - Kalapato-
geeni Flavobacterium columnare -bakteerin
ominaisuuksia ja patogeenisuuteen vaikutta-
via tekijöitä. 69 p. (120 p.)
Yhteenveto 3 p. 2010.

207 KOTILAINEN, TITTA, Solar UV radiation and
plant responses: Assessing the methodo-
logical problems in research concerning
stratospheric ozone depletion . - Auringon
UV-säteily ja kasvien vasteet: otsonikatoon
liittyvien tutkimusten menetelmien arviointia.
45 p. (126 p.) Yhteenveto 2 p. 2010.

208 EINOLA, JUHA, Biotic oxidation of methane in
landfills in boreal climatic conditions . -
Metaanin biotekninen hapettaminen kaatopai-
koilla viileässä ilmastossa. 101 p. (156 p.)
Yhteenveto 3 p. 2010.

209 PIIROINEN, SAIJA, Range expansion to novel
environments: evolutionary physiology and
genetics in Leptinotarsa decemlineata. - Lajien
levinneisyysalueen laajeneminen:
koloradonkuoriaisen evolutiivinen fysiologia
ja genetiikka. 51 p. (155 p.) Yhteenveto 3 p.
2010.

210 NISKANEN, EINARI, On dynamics of parvoviral
replication protein NS1. - Parvovirusten
replikaationproteiini NS1:n dynamiikka.
81 p. (154 p.) Yhteenveto 3 p. 2010.

211 PEKKALA, SATU,  Functional characterization of
carbomoyl phosphate synthetase I deficiency
and identification of the binding site for
enzyme activator.- Karbamyylifosfaatti
syntetaasi I:n puutteen patologian toiminnalli-
nen karakterisaatio ja entsyymin aktivaattorin
sitoutumiskohdan identifikaatio.
89 p. (127 p.) Yhteenveto 2 p. 2010.

212 HALME, PANU,  Developing tools for
biodiversity surveys - studies with wood-
inhabiting fungi.- Työkaluja monimuotoisuus-
tutkimuksiin - tutkimuskohteina puulla elävät
sienet. 51 p. (125 p.) Yhteenveto 2 p. 2010.

213 JALASVUORI, MATTI, Viruses are ancient
parasites that have influenced the evolution of
contemporary and archaic forms of life. -
Virukset ovat muinaisia loisia, jotka ovat
vaikuttaneet nykyisten ja varhaisten elämän-
muotojen kehitykseen. 94 p. (192 p.) Yhteenve-
to 2 p. 2010.

214 POSTILA, PEKKA, Dynamics of the ligand-
binding domains of ionotropic glutamate
receptors. - Ionotrooppisten glutamaatti-
reseptoreiden ligandin-sitomisdomeenien
dynamiikka. 54 p. (130 p.) Yhteenveto 3 p.
2010.

215 POIKONEN, TANJA, Frequency-dependent
selection and environmental heterogeneity as
selective mechanisms in wild populations.
- Frekvenssistä riippuva valinta ja ympäristön
heterogeenisyys luonnonvalintaa ohjaavina
tekijöinä luonnonpopulaatiossa. 44 p. (115 p.)
Yhteenveto 4 p. 2010.

216 KEKÄLÄINEN, JUKKA, Maintenance of genetic
variation in sexual ornamentation – role of
precopulatory and postcopulatory sexual
selection. - Seksuaaliornamenttien geneettisen
muuntelun säilyminen – parittelua edeltävän
ja sen jälkeisen seksuaalivalinnan merkitys.
52 p. (123 p.) Yhteenveto 3 p. 2010.

217 SYRJÄNEN, JUKKA, Ecology, fisheries and
management of wild brown trout populations
in boreal inland waters. - Luontaisten taimen-
kantojen ekologia, kalastus ja hoito pohjoisilla
sisävesillä. 43 p. (108 p.) Yhteenveto 3 p. 2010.



JYVÄSKYLÄ STUDIES IN BIOLOGICAL AND ENVIRONMENTAL SCIENCE

218 RUSKAMO, SALLA, Structures, interactions and
packing of filamin domains. -
Filamiinidomeenien rakenteet, vuoro-
vaikutukset ja pakkautuminen. 50 p. (108 p.)
Yhteenveto 1 p. 2010.

219 HONKANEN, MERJA, Perspectives on variation in
species richness: area, energy and habitat
heterogeneity. - Pinta-alan, energian ja
elinympäristöjen monimuotoisuuden suhde
lajimäärään. 46 p. (136 p.) Yhteenveto 2 p.
2011.

220 TIMONEN, JONNA, Woodland key habitats. A key
to effective conservation of forest biodiversity.
- Avainbiotooppien merkitys talousmetsien
monimuotoisuuden säilymiselle. 33 p. (141 p.)
Yhteenveto 2 p. 2011.


	ABSTRACT
	CONTENTS
	LIST OF ORIGINAL PUBLICATIONS
	1 FOREWORD
	2 INTRODUCTION
	2.1 Biodiversity and boreal forest management policies
	2.2 Ecological questions of the WKH concept

	3 AIMS OF THIS THESIS
	4 MATERIAL AND METHODS
	4.1 Review of the WKH concepts and policy (I)
	4.2 Systematic review (II)
	4.3 Experimental study (III)

	5 RESULTS AND DISCUSSION
	5.1 Woodland key habitats - concept, implementation andprotection (I)
	5.2 Hotspot or not? (II)
	5.3 The effects of forest management (III)
	5.4 The role of WKHs in the conservation of forest biodiversity
	Acknowledgements
	YHTEENVETO (RÉSUMÉ IN FINNISH)
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




