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Abstract
The study deals with the components and sources of plant diversity in pristine mire 
margin infl uenced forested sites and the effects of forest drainage on their diversity 
pattern. The study focuses on these mire types because (1) their position along the 
gradients between wetlands and forests results in high diversity, and (2) these sites 
have been strongly impacted by forest drainage. The study sites consist of paludifi ed 
mineral soil forest, paludifi ed mire margin forest, and forested spruce and pine mire 
sites, from the permanent sample plot data of the 8th National Forest Inventory 
(NFI 8, 1985-1986). The pattern of plant diversity and the effect of forest drainage 
on it have been approached from two main directions: (1) species diversity, and (2) 
structural diversity. Species diversity was measured using taxonomic units (species) 
as alpha-diversity and beta-diversity. The former was understood as species richness 
in the site (sample plot), and expressed by means of species number and diversity 
indices. The latter was understood as species diversity along ecological gradients and 
measured as the length of the gradients, dissimilarity in species composition, and the 
rate of compositional change along a gradient. Structural diversity, which means the 
vertical and horizontal architecture of a community, was measured by means of spatial 
dimensions. The results of this study revealed that species diversity remained relatively 
high after drainage, but the vegetation composition in the understorey changed 
towards mineral soil forest vegetation. The most drastic change in the composition 
and structure of the understorey vegetation after drainage was the clear decrease of 
Sphagnum species and their replacement by forest bryophytes. Also the structure and 
composition of the fi eld layer showed increased abundance of the most common forest 
grasses and mesic forest herbs and forest dwarf-shrubs and by decrease of sedges after 
drainage. The structure and size distribution of the tree stands on forested mire margin 
sites remained uneven-aged and uneven-sized after drainage. Drainage changed the 
tree and shrub species composition and abundance in the different layers more clearly 
than the tree size distributions. The increased percentage cover of the dominant trees 
at all fertility levels and the increased percentage cover of deciduous trees, especially 
that of pubescent birch, were obvious.

Overall, the increase in the diversity indices of the understorey vegetation along 
the post-drainage succession gradient, as also the increased cover of deciduous trees 
in the overstorey, was seen to be mostly due to the increased number and cover of 
pioneer species (e.g. forest herbs, grasses, and bryophytes and pubescent birch in the 
overstorey), colonist species (e.g. forest dwarf shrubs, and carpet mosses), existing 
concurrently with decreased covers of mire species. The enrichment of nutrients after 
drainage caused an initial increase in diversity, but this was seen only as a transient 
phenomenon in the composition of the community. The drained forested mire margin 
communities change towards forest vegetation in which mesic and herb-rich forest 
species dominate but remnants of mire species are still found.

Keywords: biodiversity, vegetation diversity, forest ecology, mire ecolgy, forest 
vegetation, mire vegetation, forested peatland, forest drainage, boreal forest, spruce 
mires, mire margin, species diversity, structural diversity, forest structure.
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1. Introduction

1.1. Background
Forest ecosystems are highly variable in structure, function and species diversity. 
This heterogeneity of habitats and species in time and space is a central component 
of biodiversity (Kouki 1994). Most of the forested area in Finland is silviculturally 
managed for timber production, and only about 3.1 % (Peltola 2003) of the forests 
has been set aside as reserves. Forestry is perhaps the most important single threat to 
animal and plant species diversity in Finland (Kouki 1994, see also Vanha-Majamaa 
and Reinikainen 2000, Ulvinen et al. 2002, Rautiainen et al. 2002). Forests are 
probably the most signifi cant habitat in terms of nature conservation and the 
preservation of biodiversity (Kouki 1994, Haila and Kouki 1994). In managed forests, 
the loss of structural variation is one of the main problems in maintaining biodiversity. 
In temperate forests and Fennoscandian boreal forest environments, the role of the 
factors that cause natural disturbances and determine the characteristics of e.g. habitat 
mosaic, as forest fi res, the proportion of broadleaved tree species, the amount of old-
growth forests, and the amount of dead and decaying wood has decreased dramatically 
in recent decades (Esseen et al. 1992). Human activities are, at an accelerating rate, 
replacing natural disturbances in boreal forest (Esseen et al. 1997). In many regions, 
forest management has become the main driving force affecting forest dynamics. 
While the modifi cation of forest structure to meet management goals, such as the 
production of timber, has often been successful in creating resource fl ow stability, this 
has taken place at the expense of biological diversity (Kouki 1994, Esseen et al. 1997, 
Linder and Östlund 1998, Siitonen 2001).

The general concern about the increasing loss of species caused by growing human 
activities (Wilson 1988, 1989) and the increasing concern about the preservation of the 
whole biosphere, have brought about a need to promote ecosystem research programs 
devoted to the dimensions of the biosphere (e.g. di Castri 1989, di Castri and Younes 
1990, Solbrig 1991). Since the Rio 1992 Earth Summit, several countries, including 
Finland, have signed the agreement on the protection of biodiversity and the agreement 
on the principles of sustainable forest management (UNCED, Rio de Janeiro 1992). 
Consequently, after the ratifi cation of the agreement in 1994, an agenda for research 
priorities for the conservation and sustainable use of biodiversity in Finland was 
published (Väisänen and Jäppinen 1994) and the National Program or Action Plan 
for Protecting and Preserving Biodiversity in Finland for the period 1997–2005 
was prepared (Kangas et al. 1997). In today’s forestry in Fennoscandia, ecological 
sustainability and care for biodiversity is claimed. As the new legislation on forestry 
and nature conservation came in to force, from the beginning of the year 1997, these 
aspects have to be taken into consideration in forest management practices in Finland 
(e.g. Annila 2001), and they are also included in the main criteria of sustainability and 
certifi cation in European forestry (e.g. Parviainen 1996). Thus, preserving biodiversity 
in both natural and managed forests is the main goal of Finland in participating in the 
international commitments to preserve biodiversity in the world (Interim Report on… 
1995, Anderson et al. 1997).
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1.2. Concepts of biodiversity
Biodiversity refers to the variation at all different hierarchical levels of living nature. 
Thus, the concept of biodiversity is extremely wide and, when dealing with biological 
diversity, it is of utmost important to defi ne which level and which part of biodiversity 
is in question. Biological diversity is usually divided into three main levels: genetic, 
species and ecosystem diversity (Wilson 1988). Genetic diversity refers to the genetic 
variation of individuals between and within populations. Species diversity describes 
species richness and changes in species composition. Ecosystem diversity is the widest 
term, and refers to the variation of ecosystem structures and habitat types (Wilson 
1988).

The most studied aspect of biodiversity is species level diversity (e.g. Whittaker 
1972, Hill 1973, Peet 1974, Kempton and Taylor 1976, Alatalo 1981, Kuusipalo 1985, 
Økland 1986, Ter Braak 1987a, Molinari 1989, Økland 1996...). Species level diversity 
is usually further divided into three levels, which are defi ned as alpha diversity, 
referring to species richness and abundance within an area (Whittaker 1972), beta 
diversity, describing the rate of species turnover along an environmental gradient 
(Whittaker 1972, 1977, Wilson and Shmida 1984), and gamma diversity, referring 
to the large number of species in a larger area with several habitat types (Whittaker 
1972) thus making it a measure of species diversity at the landscape level. Already 
the early studies of Whittaker (1960, 1972) and MacArthur (1965) established the 
importance of identifying alpha and beta diversity as components of overall species 
diversity (Wilson and Shmida 1984).

The concept of structural diversity, i.e. the number of vertical layers present and 
the abundance of vegetation within them (commonly referred to as foliage height 
diversity), has been shown to be important in investigations on the relationships 
between plants and animals, such as early studies on the diversity of woodland bird 
communities (MacArthur and MacArthur 1961, Recher 1969, Wilson 1974, Moss 
1978, Magurran 1988) and insect diversity studies (e.g. Southwood et al. 1979).

From the viewpoint of population biology, Harper (1977) describes four forms of 
diversity that contribute to the structural diversity of plant communities. First of all 
there is the somatic polymorphism of the parts of a genet (or functional individual). 
For instance the same plant may have different leaf forms on its juvenile and mature 
branches, at different times of the year or on its fl owering and non-fl owering parts. 
The second is the diversity of age stages within a community. Old and young plants of 
the same species often have markedly different growth forms. Trees are good example 
of plants which vary greatly in their growth form, as well as in their ecological role, 
during the different phases of their life. The third concerns the genetic variants within 
a species. The diversity of microsites within a habitat is the fourth, and is a very 
important form of variety. Variation in soil texture, drainage, exposure and countless 
other environmental factors can infl uence the intensities and abundances of species 
found in a particular habitat (Harper 1977, Magurran 1988).

In community ecology, the species richness, species composition and species 
dominance of plant communities are greatly affected by the availability of their 
limiting resources (Tilman 1997). Disturbances create spatial and temporal variance 
in the availability of limiting resources. So, for example, losses of biomass and density 
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caused by natural disturbances have an effect on diversity (Tilman 1997). The average 
rate of resource supply and the spatial variance in supply are important determinants 
of plant community diversity (Tilman 1982).

From the ecosystem point of view, high variation in the vegetation structures of 
sites provides, because plant communities are the primary autotrophic component of 
terrestrial biodiversity (Austin 1999), an opportunity for high diversity of all other 
species (organisms) as well (Huston 1994, Rescia et al. 1994, Larsen 1995). Diversity 
is both a measure of the chance of having certain species present in a system and a 
measure of variation in species traits in an ecosystem. Diversity impacts the structure, 
dynamics, and functioning of ecosystems (Tilman 1999).

Since human activities have a strong effect on biodiversity, a population/community 
level approach is considered to be the level that can help in exploring the responses of 
the whole ecological system to various kinds of disturbance (e.g. Hanski and Gilpin 
1991, Barbault and Hochberg 1992). It has been stressed that special attention should 
be paid to habitat disturbances in biodiversity research because the populations of 
many species are being turned into metapopulations as a result of habitat fragmentation 
(e.g. Hanski and Gilpin 1991). This landscape ecological level view has become a 
central focus point in conservation biology and biodiversity research (e.g. Hanski 
and Gilpin 1991). In the ecosystem level approach, multiscale heterogeneity, chance 
events, nonequilibrium dynamics and ‘complexity’ are nowadays seen as fundamental 
characteristics of forest ecosystems, where individual species are embedded in 
interactive communities of micro-organisms, plants and animals (Attiwill 1994, 
Pickett et al. 1997, Hunter 1999, Kuuluvainen 2002).

1.3. Importance of forested mire margins for the 
overall biodiversity of boreal forests and mires

Swamp forests have been found to be natural centres of biodiversity within the boreal 
forest landscape in Fennoscandia (Ohlsson 1990, Kuusinen 1996, Ohlsson et al. 1997), 
as well as wetland forest communities in the hemiboreal landscape in North-Eastern 
Europe (Prieditis 1999). Even at the southern border of the distribution of Sphagnum 
mires in Europe, the Picea abies dominated mire margin communities show high 
species diversity (Kutnar and Martin i  2003). Special attention has been focused on 
nutrient-rich and herb-dominated swamp forests (Ohlsson et al. 1997) because they 
are the most vascular plant species rich forest sites (e.g. Ohlsson 1990) and also have 
a high forest (timber) productivity after drainage (Malmström 1928, Holmen 1964, 
Hånell 1988). In Finland these biotopes were recognised to be the most potential 
wetland forest sites (e.g. Lukkala 1929) and, to date, a high proportion of them have 
been drained (Hökkä et al. 2002). They have also been extensively exploited in 
Sweden (Ohlsson et al. 1997). Detailed inventories and protection of the remaining 
fragments of old-growth swamp forests have become a highly important reference 
points for managed forests (Hanski and Hammond 1995). The most fertile sites of 
forested mire margin communities (the most fertile swamp forest sites) are nowadays 
also considered as threatened biotopes, which should be protected in Finland (Heikkilä 
1994ab, Heikkilä and Lindholm 2000).
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1.3.1. Defi nitions of forested mire margin sites
According to the Finnish mire site type classifi cation (Eurola et al. 1984), swamp 
forests are part of forested mire margin vegetation communities. Mire margin 
vegetation communities, forested sites that are typically situated in the transition 
zone between mineral soil forests and open peatlands, include mire margin forests 
(paludifi ed mineral soil forests and paludifi ed mire margin forests) and forested, 
minerotrophic spruce and spruce-pine mires (Lumiala 1937, Tuomikoski 1942). 
Paludifi ed mire margin forests and forested spruce and pine mires are so-called 
genuine forested mire sites, which are characterised by hummock and intermediate 
level vegetation resembling forest vegetation, especially at the more nutrient-rich end 
of the vegetation continuum. These sites have often developed from the paludifi cation 
of mineral soil forests. The more nutrient-rich types are called spruce mires (spruce 
swamps) or hardwood-spruce mires (hardwood-spruce swamps) (korpi in Finnish), 
with vegetation characterised by shade tolerant herbs and dwarf shrubs. The sites 
with lower nutrient levels are usually called pine mires with characteristic hummock 
dwarf shrub vegetation (Laine and Vasander 1996). In this study, the term spruce 
mire includes all spruce mires, and not only the more nutrient-rich hardwood-spruce 
mires. According to environmental characterisations, mire margin vegetation occurs 
on sites with a thin peat layer. The average thickness of the peat layer of mire margin 
sites varies from under 20 cm in the thinnest-peated, paludifi ed mire margin forests to 
about 1m in the fen-like spruce swamps (Ilvessalo 1956, 1957, Ruuhijärvi 1960, Eurola 
1962) that receive a supplementary input of mineral nutrients from the surrounding 
mineral soil and are thus minerotrophic (Eurola et al. 1984). The importance of this 
external nutrient fl ow is strongly related to topography and slope (Backman 1919, 
Lukkala 1929) and the infl ow of oxygen-rich surface or spring water (e.g. Havas 1961, 
Persson 1961ab, Eurola et al. 1984, Tahvanainen et al. 2003). The active functioning of 
micro-organisms and favourable conditions for the existence of mycorrhizas are also 
included in the spruce mire and mire margin infl uence (Ruuhijärvi 1960, Nurminen 
1964). The existence and origin of spruce mire and mire margin infl uenced vegetation 
are also affected by the peat chemistry, especially the proportions of mineral nutrients 
such as calcium, potassium and phosphorus (Heikurainen 1957, Ruuhijärvi 1960). 
The proportions of phosphorus are generally higher in spruce mires than in open 
peatlands (e.g. Valmari 1956, Heikurainen 1979, Reinikainen et al. 1984, Kaunisto 
and Paavilainen 1988, Eurola et al. 1995b, Laine et al. 2004). As a result, the 
decomposition rates and fl uxes of mineral nutrients are also more stable than in mires 
in general (e.g. Ruuhijärvi 1981). This Finnish mire margin classifi cation differs from 
the other Scandinavian interpretations (Sjörs 1983, Økland 1989, 1990), according to 
which the marginal pine forests of bogs, despite being ombrotrophic, are also included 
in mire margin sites. The Finnish defi nition (e.g. Eurola et al. 1984) of the mire margin 
concept is used in this study (Fig. 1).

1.3.2. Special characteristics of forested mire margins - the 
biodiversity viewpoint

The above-mentioned environmental features, which are included in the mire 
margin infl uence, induce the richness of species in pristine (natural) swamp forests 
(spruce swamps). The small-scale hydro-topographic variation (typical for spruce 
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swamps) creates a mosaic-like vegetation structure where the range of microsites (or 
microhabitats) varies from dry hummocks and the base of trees to permanently water 
fi lled hollows (Tuomikoski 1942, Heikurainen 1954, Eurola et al. 1984, Ohlsson 1990, 
Hörnberg et al. 1998). The diversity value of spruce mire vegetation is often increased 
by the appearance of ground and surface water infl uenced vegetation. The relatively 
great importance of spruce mires and mire margin vegetation communities to forest 
biodiversity is partly due to the fact that they often occur as ecotones lying between 
mineral soil forests and open peatlands or water bodies. The vegetation composition 
therefore always refl ects features derived from the surrounding areas (Tolvanen 1994, 
Sjöberg and Ericson 1997).

As is the case in forested ecosystems, decaying wood plays an important role as 
a habitat or in ecological processes in pristine spruce mires (Saaristo 1998, Siitonen 
1998, Siitonen and Saaristo 2000). Spruce mires have been found to be important 
environments also for many threatened Polypore species (Kotiranta and Niemelä 
1996). The diversity of epiphytic lichens is higher in spruce mires than in mineral 
soil forests (Kuusinen 1996). The moist, shady environment of spruce mires is also 
ideal for epixylic bryophytes (e.g. Laaka 1992).

Similarly as for vascular plant species, the composition of invertebrate species 
living in spruce mires refl ects the ecotonal nature of the sites (Aapala 2001). Most of 
the invertebrate species are generalist forest species, but there is a group of species 
that favours spruce mire habitats (Saaristo 1998, Siitonen and Saaristo 2000). Spruce 

Fig. 1. An idealized two-dimensional ordination of boreal forest and wetland sites. 
The studied paludifi ed mineral soil and mire site types are marked with their Finnish 
symbols (see Table 1.). Dotted curve = border between mire margin and mire expanse 
infl uenced site types.
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mires are also important habitats for many forest-dwelling fowls (e.g. Sjöberg and 
Ericson 1997).

In Finland 422 plant taxa (415 species), including vascular plants, Bryidae, 
Sphagnum mosses and ground lichens, frequently occur on mire sites (Eurola et al. 
1995a). About 70 % of these species favour mire margin infl uenced sites (Korpela and 
Reinikainen 1996a). In spruce mires, the bryophyte species composition of the ground 
layer varies, according to the nutrient level (from oligotrophy to meso-eutrophy) and 
hydrology of the sites, from hummock level forest mosses (carpet or cushion mosses) 
to the intermediate level Sphagnum mosses and, as the nutrient level increases, the 
number of intermediate level Sphagnum and Mniaceae species rises (Eurola et al. 
1995a, Ohlsson et al. 1997).

There are no vascular plant species in Finland that thrive only in spruce mires, but 
spruce mires are the optimum habitats for many vascular plant species. These include 
many mesotrophic Carex species. The total number of vascular plant species found in 
spruce mires in Finland is more than 250 (Aapala 2001). The vascular plant species 
composition of spruce mires refl ects the ecotonal nature of these sites. In oligotrophic 
spruce mires the vascular plant species composition is scanty, and is mostly dominated 
by dwarf shrubs, while meso-eutrophic spruce mires are dominated by species-rich 
herb and grass vegetation. According to Ohlsson (1990), 60 % of all vascular plant 
species living in the forests of Sweden are present in pristine nutrient-rich spruce 
mires, the area of these biotopes being only 5 % of the total forest area.

The species composition of mire margins or spruce mires can be divided into 
different ecological species groups such as forest, spruce mire, pine mire (or bog), 
poor fen, rich fen, spring and marsh species groups (see Fig. 2, according to Korpela 
and Reinikainen 1996a).

1.3.3. Structure and dynamics of the tree stands on forested 
mire margins

In Finland, most of the studies carried out on the tree stand structure and dynamics 
of pristine (undrained) spruce mires have primarily concentrated on the forest 
management point of view and considered as a part of all types of peatland forest 
stand, and in many cases they are based on National Forest Inventories (Gustavsen and 
Päivänen 1986, Mattila and Penttilä 1987, Paavilainen and Tiihonen 1988, Uuttera et 
al. 1996, 1997, Norokorpi et al. 1997). In Sweden, most of the studies concentrating 
on the tree stand structure and dynamics of pristine spruce mires alone have been 
carried out relatively recently (Hörnberg 1995, Hörnberg et al. 1995, 1997). In 
addition to spruce, deciduous trees dominate the tree species composition of spruce 
mires. Deciduous trees dominate on nutrient-rich spruce mire sites, and spruce and a 
mixture of spruce and pine on nutrient-poorer sites (Gustavsen and Päivänen 1986). 
According to the third Finnish National Forest Inventory (1951–1953), the proportion 
of deciduous trees (mostly birch) was about one third of the total tree stand volume 
in pristine spruce mires (Gustavsen and Päivänen 1986). In a case study of pristine, 
old growth spruce mires in the northern part of the middle boreal zone in Finland 
(Kuhmo), the proportion of Norway spruce was the highest (75–95 %) and that of 
birch was only 5–18 % (Saaristo 1998). Other deciduous tree species present in spruce 
mires, in addition to birch (mostly Betula pubescens), are alder (Alnus incana and A. 
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glutinosa), tree-like Salix species (Salix caprea, S. pentandra) and aspen (Populus 
tremula). According to palaeoecological studies, varying proportions of deciduous 
broad-leaved trees have been continuously present in swamp forests during their life 
history (Segerström et al. 1994, 1996, Ohlson and Tyrterud 1999). One common 
feature of spruce mires in Finland is that the proportion of alder (Alnus), especially 
black alder (Alnus glutinosa) has diminished over time (Aapala 2001).

The old-growth Picea abies -swamp forests are, in the short term perspective, 
characterized by an all-aged structure and small-scale disturbance dynamics, where 
individual trees reach senescence, die, and fall to the ground (Hörnberg et al.1995). 
According to tree stand size distribution analyses, the structure of undrained peatland 
forests is, according to the data of a Finnish inventory in the 1950’s, uneven-aged with 
a wide range of tree diameters (Heikurainen 1971, Gustavsen and Päivänen 1986, 
Norokorpi et al. 1997). In uneven-aged stands, most of the trees are concentrated in 
small diameter classes and the shape of the diameter distribution is usually a reversed 

Fig. 2. Distribution of the Finnish mire fl ora (422 taxa) between different ecological 
guilds (1A, 2A) and the number of species of the ecological guilds in different life forms 
(1B, 2B). Drawn according to the list of Eurola et al. (1995a).
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‘J’ (Gustavsen and Päivänen 1986, Norokorpi et al. 1997). In Kuhmo (see above), 
eastern Finland (Saaristo 1998), the stem number distribution was found to be only 
a slightly reversed J shape. Stem numbers have been found to vary according to the 
spruce mire site type and geographical region (e.g. Gustavsen and Päivänen 1986). 
Stem numbers on nutrient-rich spruce mire sites are much higher than on nutrient-
poorer spruce mire sites (e.g. Gustavsen and Päivänen 1986). The tree stand dynamics 
of spruce mires differs from that of the mineral soil forests. Spruce mires do not 
necessarily require large scale disturbances like forests fi res for natural regeneration 
as they have all-age structured and small-scale disturbance dynamics (Hörnberg et 
al.1995).

1.4. Effect of drainage on the diversity of boreal 
forests and mires

The drained peatland area in Finland amounts to almost 6 million hectares (drained 
during the period 1950–1990, Tomppo 1999, Hökkä et al. 2002), which is more than 
half of the total peatland area in Finland. Most of the peatlands drained for forestry are 
currently undergoing a transforming (middle) phase of the post-drainage succession 
phases (Tomppo 1999, Hökkä et al. 2002).

Compared to the early 1950’s only one half, and in southern and central Finland 
only one quarter, of the area of forested mire margin sites have remained undrained 
(Ilvessalo 1957, Eurola et al. 1991, Hökkä et al. 2002). In their undrained condition 
these forested mire margin habitats have retained a relatively natural stand structure 
and ground vegetation, although they have been often subjected to some degree 
of silvicultural management. Thus, on the community and species level, they are 
assumed to be important for local and regional diversity.

Most of the studies on the effect of forest drainage on vegetation have concentrated 
either on sparsely forested pine mires (pine bogs) (Laine and Vanha-Majamaa 1992, 
Laine et al. 1995, Vasander et al. 1997, Laiho et al. 2003) or on a broader scale on 
all peatland sites, also including treeless mires (Sarasto 1957, 1961, Pienimäki 1982, 
Reinikainen 1988, Hotanen and Vasander 1992, Hotanen et al. 1999). After drainage, 
with the subsequent change in the growth substrate and tree layer, the composition 
of the lower vegetation layers also changes drastically. Plant species adapted to wet 
habitats are the fi rst to disappear, while hummock-dwelling species (e.g. dwarf shrubs) 
and forest species may benefi t from drainage (Sarasto 1961, Eurola et al.1984, Laine 
et al. 1995, Laiho et al. 2003). Only a few studies have concentrated on the effect of 
drainage on mire margin infl uence (e.g. Eurola et al. 1995b).

Despite partial cuttings, which are usually carried out in connection with 
drainage (Paavilainen and Päivänen 1995), the shape of the diameter distribution 
has been found to remain negatively skewed for up to 30–50 years after drainage 
(Keltikangas et al. 1986, Hökkä and Laine 1988). This has been explained on the 
basis of the post-drainage growth of seedlings and on the greater release growth of 
smaller trees compared to larger ones as a response to the drawdown of the water 
level and subsequent improvement of growth conditions (Hånell 1984, Hökkä and 
Laine 1988). However, when the stand structure is analysed using characteristics other 
than the shape of the tree stand distribution, such as the proportions of different tree 
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species, the effect of drainage and cuttings can be clearly seen in the structure and 
dynamics of peatland forests (Uuttera et al. 1996, 1997). In recent years, structural 
or physiognomic-structural vegetation classifi cation (e.g. ground, fi eld, shrub and tree 
layers) (Küchler 1967, Küchler and Zonneveld 1988) methods have proved to be useful 
in the classifi cation of old growth forests (Lindholm and Tuominen 1989, Tuominen 
1994, Leppäniemi et al. 1998) and also for assessing structural diversity (Korpela 
2004).

1.5. Approach and aims of the study
The aim of the study arose from the clear lack of statistically tested information about 
the fl oristic state and importance of forested mire margin communities as sources of 
biodiversity in Finland. The availability of the unique, systematic vegetation sample 
and tree stand data covering the whole of the forest land area of Finland made the 
statistical testing possible. As one of the key topics for research on the management 
of biodiversity is to determine the differences in biodiversity indicators between 
undisturbed and managed forests, a comparison of pristine and drained forested 
mire margin sites is one of the main objectives of this study. The general objective 
of the study was to describe and analyse the species and community level vegetation 
diversity of the forested mire margin sites in the present landscape of managed forests 
in Finland, and the effect of drainage on their diversity pattern.

The approach of the study was fi rst to examine the prevailing community and 
species level vegetation diversity by analysing the species richness and the main 
ecological gradients in vegetation composition of those forested mire margin sites 
that are still undrained, and thus more or less pristine (natural) (I, II). The second 
phase was to analyse the changes in the vegetation diversity caused by drainage, 
by comparing the vegetation of the undrained remnants to the corresponding sites 
drained for forestry (III, IV). The hypothesis was that drainage has decreased the 
diversity. This has been found in other peatland forest studies carried out in Finland, 
but has not been studied before using the systematically sampled large area data and 
by paying special attention to spruce mire and mire margin infl uenced vegetation 
communities. The diversity pattern of the spruce mire and mire margin infl uenced 
vegetation communities and the effect of forest drainage on it has been approached 
from two main directions: (1) species diversity, and (2) structural diversity (both alpha 
and beta levels).

The specifi c aims of the thesis were:
- to explore the structure of the vegetation of forested mire margins located in south 

and central Finland, using ordination and classifi cation techniques (I),
- to test the hypothesis that species and structural diversity on pristine sites typically 

peaks in communities located in the transition zone between forest and mire (II),
- to describe and analyse the changes caused by drainage on species and community 

level vegetation diversity in forested mire margin sites (III),
- to detect changes in structural diversity caused by drainage, by taking all the 

structural layers of the vegetation into account (IV), and
- to test the hypothesis that forested mire margin sites become more uniform, both 

in the understorey vegetation and in the forest structure, after drainage (IV)
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2. Material and methods

2.1. Study area and study sites
2.1.1. Description of the study area

Biogeographically, the sampled area extends from the northernmost border of the 
hemiboreal zone to the southern parts of the northern subzone of the boreal zone 
(Ahti et al. 1968). The study area comprises three forest vegetation subzones: the 
coastal area of Finland, southern Finland, and the western, central and eastern parts 
of Finland (Kalela 1961). The border between the zones of raised bogs and aapa fens 
runs through the area (Ruuhijärvi 1982). The mean annual temperature (for the period 
1961–1980) within the study area ranges from +1 to +5°C; the effective temperature 
sum (threshold +5°C) from 850 to 1 350 degree days, d.d. (Heino and Hellsten 1983); 
the mean annual precipitation from 500 to 600 mm; the duration of the growing season 
from 135 to 180 days; Conrad’s continentality index from 24 to 34; and Thornthwaite’s 
index of humidity from 20 to 50 (Tuhkanen 1980). The study area and distribution of 
the studied sample plots are shown in Fig. 3.

2.1.2. Sample plots
The material of the study is derived from the data of the permanent sample plot network 
of the 8th National Forest Inventory (8th NFI). The fi eld data were collected by 12 NFI 
crews during late May - September 1985–1986. This sample plot network, established 
for monitoring tree vitality (Salemaa et al. 1991), ground vegetation (Tonteri et al. 
1990), and deposition (Ruhling et al. 1987), included 3 009 permanent plots (Fig. 4) 
covering the entire forested land area of Finland (see Reinikainen 1990, Tomppo et 
al. 1997). Circular plots were located systematically: four circular plots in one cluster 
(a sample plot tract) in each 16 × 16 km grid square in southern and central Finland 
(S of 66°N; 2 618 plots, Fig. 4a), and three circular plots in one cluster in 24 × 32 km 
grid in northern Finland (N of 66°N, 391 plots, Fig. 4b). On each of the circular plots 
(300 m2) there were from three to six, mostly four, 2 m2 vegetation sample quadrats 
(Fig. 4c) (for a more detgailed description, see Heikkinen and Reinikainen 2000).

The fi rst criterion was that the sample plots situated south of the 66°N latitude 
(in total 2 618 sample plots) are to be included. The study was restricted to the area 
of south and central Finland (south of latitude 66°N) because of the more intensive 
sample plot network, differences in determining the paludifi ed mineral soil forest 
vegetation in southern and in northern Finland, and the fact that spruce mires are more 
common in southern and central Finland than in northern Finland.

The second criterion in selecting a subset of the 2 618 sample plots was that each 
plot should consist of only one site type in order to obtain as reliable a description 
of the site type in question as possible. The third criterion was that the plot site type 
should have been classifi ed in the fi eld into each of the forested mire margin sites 
(paludifi ed mineral soil forest, paludifi ed mire margin forest or mire margin spruce 
or pine mire sites in undrained and drained phases) as described in the introduction. 
The assessment of the original site type before drainage in the fi eld, corresponding to 
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Fig. 4. The boreal vegetation zones in Finland and sampling frame-work with the tracts 
of the 8th (1985–1986) and 9th (1995) National Forest Inventory with permanent sample 
plots. a) = a sample tract with four permanent sample plots in southern and central Finland 
and b) = a sample tract with three permanent sample plots in northern Finland. c) = a 
sample plot with four to six 2 m2 vegetation sample squares.
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the undrained site types studied, was taken into account when selecting the drained 
sample plots. Application of these selection criteria resulted in a total of 245 sample 
plots. Additional selection criteria were: four vegetation sample quadrats on each plot, 
the tree stand had not been treated for at least ten years before inventory, and a tree 
stand age or forest succession coming within the range of young thinning stands to 
mature stands (forest development classes four to six, see e.g. Tomppo et al. 1997). In 
all, 156 plots satisfi ed all these criteria (III–IV). Of these, 82 were undrained and 74 
had been drained (Fig. 4, Table 1). In the study of undrained, forested mire margin 
sites there were no limitations on the tree stand age and forest succession stage (92 
sample plots I, II). The paludifi ed mineral soil forest sample plots are included in the 
undrained plots.

2.1.3. Data collection in the fi eld
The traditional ‘Finnish forest-type approach of Cajander’ (Cajander 1926, Frey 1973) 
was used to assign the sample plots into site classes. The paludifi ed forest site types 
were classifi ed according to Kalliola (1973). Mire site types were classifi ed according 
to the principles presented by e.g. Eurola et al. (1984) using the nomenclature of 
Heikurainen and Pakarinen (1982). The wood (timber) production potential of the 
site types was estimated using the six-scale system of Huikari (1974), in which site 
fertility class I is the richest and VI the poorest (Table 1). The drainage phase of the 
sites was determined according to the system described by Sarasto (1961) and by 
Heikurainen and Pakarinen (1982, see also Paavilainen and Päivänen 1995). The 
species were classifi ed into forest or mire plants, and allocated to forest site types 
presented in Kalliola (1973) and ecological groups according to Eurola et al. (1995a). 
The nomencalture for vascular plants follows that of the Hämet-Ahti et al. (1998) and 
for bryophytes Koponen et al. (1977).

Tree and ground layer vegetation data were collected on each plot. The fi eld and 
ground layer vegetation (including tree and shrub plants shorter than 50 cm) were 
recorded by percentage cover of each species on four systematically located sample 
quadrats (2 m2) on each plot. Percentage cover of each species was estimated as the 
sum of the cover projections of the leaves and stems according to the scale: 0.1 (< 0.125 
%), 0.2 (0.126–0.375 %), 0.5, 1, 2, 3, 5, 7, 10, … with 5 % intervals…90, 93, 95, 97, 
98, 99, 100.

The trees in the stand were divided into fi ve canopy layers according to criteria 
based on the relative height and age of the trees and their position in relation to 
other trees in the stand (e.g. Kuusela and Salminen 1969, Tomppo et al. 1997). The 
percentage cover of each tree species, calculated from the sum of the crown projections 
(over 1.5 m high) in each canopy layer, and the percentage cover of each shrub and tree 
species (0.5–1.5 m high) in the shrub-layer (layer 6), were estimated visually.

The tree stand measurements on the sample plot were carried out according to 
the normal procedures of the Finnish National Forest Inventory (NFI) (Kuusela and 
Salminen 1969, Tomppo et al. 1997). The diameter at breast height (DBH) of all tally 
trees over 4.5 cm diameter was measured by species. In addition, DBH and height of 
the sample trees (= tally trees on a subplot with half the radius of the sample plot of 
all tally trees) were measured. The approximate stand age was obtained by taking an 
increment core from one representative sample tree of the dominant crown storey. 
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Table 1. Distribution of sample plots of A) paludifi ed mineral soil forests and B) 
forested mire margin spruce mires and thin peated pine mires with their site 
types (Finnish abbreviations) in fertility level (I-II =meso-eutrophic, III = oligo-mesotrophic 
and IV = oligotrophic) and drainage phase (1 = paludifi ed mineral soil forests, 2 = undrained 
forested mires, 3 and 4 = drained forested mires in phases 3 = recently drained and 
transforming phases and 4 = transformed phase) groups. Number of sample plots (n) and 
mean values of temperature sum (d.d.) and thickness of humus/peat layer are presented in 
each group.

   Fertility Drainage phases
Site types  levels 1 2 3 4
     (n)

A) Paludifi ed mineral soil forests  (n)
Herb rich forests Oxalis-Myrtillus type (sOMT) II 4
  Mean temperature sum (d.d.)  1067.5
  Mean thickness of humus/peat layer (cm)  10.0
Mesic forests Myrtillus type (sVMT,MT,sDeMT) III 26
  Mean temperature sum (d.d.)  1058.1
  Mean thickness of humus/peat layer (cm)  8.6
Sub-xeric forests Vaccinium type (sEVT,sVT) IV 13
  Mean temperature sum (d.d.)  1032.3
  Mean thickness of humus/peat layer (cm)  7.7

B) Forested mire margin spruce and pine mires
Meso-eutrophic
Eutrophic paludifi ed hardwood-spruce forest (LhK) I  2 - 1
Mesotrophic paludifi ed spruce forest (RhKgK) II  - - 3
Herb rich hardwood-spruce swamp (RhK) II  3 4 9

n    5 4 13
Mean temperature sum (d.d.)   1138.0 1230.0 1131.5
Mean thickness of peat layer (cm)   22.2 18.5 41.3

Oligo-mesotrophic
Oligo-mesotrophic paludifi ed spruce forest (KgK) III  9 4 5
Oligo-mesotrophic spruce swamp(VK:MK, MkK) III  13 13 7

n    22 17 12
Mean temperature sum (d.d.)   1101.4 1153.5 1091.7
Mean thickness of peat layer (cm)   29.7 55.0 56.3

Oligotrophic
Paludifi ed pine forests(KgR) IV  5 5 1
Oligotrophic paludifi ed spruce forest(KgK) IV  1 - -
Spruce-pine swamp(KR) IV  5 10 4
Oligotrophic spruce swamp(VK:MrK) IV  1 7 1

n    12 22 6
Mean temperature sum (d.d.)   1064.2 1052.3 1183.3
Mean thickness of peat layer (cm)   31.1 54.0 69.2

Sample plots total 156  43 39 43 31

The dominant tree species was defi ned as that with the largest stand volume in the 
dominant layer (Tomppo et al. 1997).

The thickness of the humus (on paludifi ed mineral soil forests) and the peat layer 
(on mire sites) was recorded as the mean of four measurements, one from each of the 
2 m2 vegetation quadrats.
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2.2. Data analysis
Mean percentage cover for each understorey species was calculated from the four 
surveyed quadrats on each plot. The species present in only one or two plots, as well 
as the taxa not determined to the species level, were excluded from the numerical 
analyses, except for the species richness values and diversity indices. This left 88 
plant species (out of a total of 135 species) on the 92 sample plots in the analysis of 
the undrained (pristine) sample plots (I, II), and a total of 124 plant species (out of a 
total of 226 species) in the analysis of the 156 plots including plots of both undrained 
sites and drained sites (III).

2.2.1. Species (alpha) and community level (beta) diversity 
analyses 

The species level (alpha) diversity was understood as the species richness in the site 
(sample plot) and expressed using the species number and diversity indices (II, III, 
IV) Species richness, and diversity indices; Shannon diversity index H’, (Shannon 
and Weaver 1949, Magurran 1988), Simpson heterogeneity index D (Magurran 1988) 
and Pielou’s evenness index J (Pielou 1966, Magurran 1988), were calculated (II, III, 
IV).

The community level (beta) diversity was understood as the species diversity 
along ecological gradients and measured as the dissimilarity in species composition 
and the rate of change along a gradient. The community level variation in species 
composition was measured by using the multivariate ordination and classifi cation 
methods most widely used in community ecological studies, although there has been 
some criticism, for example, of their gradient length estimates (e.g. Eilertsen et al. 
1990). The average percentage value data of fi eld and bottom layer species were also 
analysed by classifi cation analysis (TWINSPAN, two-way-indicator-species-analysis, 
Hill 1979) in order to reveal the structure of the vegetation communities. Multivariate 
ordination was used in order to fi nd the main gradients in the variation of species 
composition, and to interpret the gradients according to environmental variables. 
Multivariate ordination was also used to reveal community level diversity (I, II, 
III). The main compositional gradients in vegetation of the undrained forested mire 
margin sample plots were extracted by detrended correspondence analysis (DCA; Hill 
and Gauch 1980) using detrending by segments (ter Braak 1987b) in the CANOCO 
program (version 3.12) (I, II).

The global non-metric multidimensional (GNMDS) method of ordination, 
included in the DECODA program package version 2.04 (Minchin 1991), was 
used in analyzing the gradients in the vegetation composition of the undrained and 
drained sample plots (III). The Bray-Curtis (also called Czekanowski or Sørensen) 
dissimilarity index, robust to random variation or noise in the data (Faith et al. 1987) 
was used as a measure of dissimilarity between the sample plots. This matrix of 
dissimilarities between sample plots was calculated from the abundance values of the 
species. Standardization was not applied except for logarithmic transformation of the 
values for species percentage cover. One- to four-dimensional GNMDS solutions were 
carried out using ten randomly generated starting confi gurations. The minimum stress 
confi gurations were compared using Procrustean analysis (Schöneman and Carrol 
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1970). A Monte-Carlo approach (in DECODA) was used to test the signifi cance 
of the maximum correlation for environmental variables through the correlation. 
To reveal ecological gradients in the data, variation by species composition and by 
environmental variables were also examined when the number of dimensions was 
determined. According to this procedure, a three-dimensional GNMDS-ordination 
solution was selected for further analysis by the lowest minimum stress value (0.1592), 
which was achieved with all ten starting confi gurations. The weighted averages of 
all the species included were derived from the sample plot ordination by calculating 
the means of the scores for the sample plots in which a species occurred, and then 
weighting them according to species abundance (III).

2.2.2. Analysis of structural diversity
In the analysis of understorey structural diversity, the mean percentage cover of species 
was summed according to their growth form groups on each sample plot. Mean covers 
(%) of fi eld and ground layer vegetation in different growth-form groups in different 
phases of drainage and fertility levels were analyzed using two-way analysis of 
variance (ANOVA). Logarithmic transformation was used for the percentage values. 
The analysis was used to determine whether drainage, site fertility, or their interaction, 
had any impact on the structure of the fi eld and bottom layer vegetation (IV).

In the overstorey structural diversity analyses, the basic variables were mean 
percentage cover for each tree species in each of fi ve vertical canopy layers and the 
tree and shrub species in the shrub layer and fi eld layer. Two-way analysis of variance 
(ANOVA) was used to examine whether drainage, site fertility, or their interaction, 
had any impact on the overstorey structure. Diameter distribution analysis for trees 
with a DBH of more than 45 mm was also used to describe the structure of the tree 
stand. Diameter distribution was expressed as stem number/ha divided into 8 diameter 
classes (40 mm intervals) for all tallied tree species by fertility level and drainage 
phase group (IV).

2.2.3. Environmental and ecological interpretation of the results
Biplot scores for explanatory ecological variables were obtained in the DCA-ordination 
analysis of the undrained sample plots (I, II). The relationship between the ordination 
pattern and the selected explanatory variables was obtained using a vector-fi tting 
procedure in the GNMDS-ordination analysis (III).

Spearman correlation coeffi cients between DCA axes (plot scores) in the study of 
undrained sites (I, II), and between the three dimensions of GNMDS ordination in the 
study of undrained and drained sites (III) and explanatory variables, were calculated. 
One-way analysis of variance (ANOVA) was used to test TWINSPAN clusters for 
environmental differences (I, II, III).

The explanatory and ecological variables used in the analysis of the undrained 
sites were regional variables (temperature sum, latitude, longitude) and the site quality 
variables (peat thickness, tree cover, shrub cover) and tree stand variables (basal area, 
mean diameter at breast height, DBH, dominant height and stand age) (I and Table 2). 
Species richness, diversity indices; Shannon diversity index, H’ and Pielou’s evenness 
index J were used as explanatory variables in the diversity analysis of the undrained 
sites (II).
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In the analysis of the effect of drainage (III, IV) besides the above mentioned 
regional, site quality and tree stand variables, drainage phase (III, IV) and sample 
plot level tree stand variables (basal area, basal area-weighted mean diameter at breast 
height, basal area-weighted mean height and stem number /ha) were used (IV and 
Table 2). The same, above mentioned, diversity describing variables were also used 
in the studies of the effect of drainage (III, IV).

Table 2. Mean values and standard deviations (S.D.) of the a) stand-wise and the b) 
plot-wise tree stand variables of the studied sites according to fertility levels, fl  (I-II, meso-
eutrophic, III oligo-mesotrophic and IV oligotrophic) and drainage phases, dp (1 paludifi ed 
mineral soil forests, 2 undrained forested mires, phases 3 and 4 after drainage) used in the 
articles I-IV (note that only drainage phases 1 and 2 were included in article I ). 

Fertility Drainage phases (dp)
levels (fl ) 1 2 3 4

a) Stand age (years) (I, III, IV)
I-II 82.5 (31.0) 90.2 (37.2) 76.3 (40.5) 62.3 (34.6)
III 107.9 (58.5) 102.3 (36.3) 90.3 (27.6) 76.7 (28.6)
IV 97.3 (43.0) 99.6 (52.3) 83.3 (25.4) 96.7 (27.2)

a) Forest development class (4-6) (IV)
I-II 5.3 (0.5) 5.6 (0.6) 5.0 (1.2) 4.8 (0.7)
III 5.3 (0.8) 5.4 (0.8) 5.0 (0.6) 4.8 (0.7)
IV 5.0 (0.8) 5.1 (1.0) 4.5 (0.6) 5.5 (0.6)

a) Basal area (m2/ha) (I, III)
I-II 35.0 (4.4) 27.6 (9.0) 19.8 (9.5) 23.3 (6.5)
III 23.7 (9.4) 24.5 (7.1) 21.5 (5.6) 25.9 (5.1)
IV 15.9 (5.6) 17.3 (6.5) 18.3 (7.2) 24.0 (9.5)

a) Mean diameter (DBH) (cm) (I, III)
I-II 16.0 (6.5) 19.0 (3.2) 16.8 (11.2) 14.2 (6.6)
III 14.7 (6.2) 13.4 (5.0) 13.4 (5.8) 11.2 (3.0)
IV 12.8 (4.4) 10.3 (4.9) 10.2 (3.2) 18.2 (6.1)

a) Dominant height (m) (I, III)
I-II 21.4 (1.8) 20.2 (6.5) 21.5 0.1) 24.3 (6.1)
III 16.3 (5.9) 16.3 (4.7) 15.3 (6.3) 16.7 (4.3)
IV 13.5 (3.3) 11.9 (2.4) 11.9 (3.0) 17.5 (4.5)

b) Plot wise basal area (m2/ha) (IV)
I-II 22.0 (3.8) 19.3 (5.3) 14.7 (12.5) 15.4 (10.6)
III 18.7 (9.8) 16.2 (7.2) 14.8 (6.9) 17.6 (7.8)
IV 11.3 (4.0) 10.9 (5.5) 9.5 (5.1) 18.5 (7.3)

b) Basal area weighted mean diameter (mm) (IV)
I-II 220.0 (59.5) 226.0 (53.4) 169.8 (85.9) 162.6 (58.7)
III 200.0 (60.0) 180.8 (52.9) 159.4 (51.6) 154.6 (40.0)
IV 159.4 (32.0) 157.2 (41.7) 128.3 (40.6) 201.3 (51.1)

b) Basal area weighted mean height (m) (IV)
I-II 16.14 (4.39) 15.32 (2.12) 15.15 (6.21) 13.40 (5.65)
III 13.82 (4.10) 13.30 (3.46) 12.65 (3.83) 12.52 (2.50)
IV 11.17 (2.09) 10.61 (3.43) 9.64 (2.62) 15.90 (3.92)

b) Stem number/ha (IV)
I-II 1750.0 (1762.5) 1080.0 (450.7) 2750.0 (1904.1) 1946.2 (1005.6)
III 1582.1 (901.2) 1575.8 (706.2) 2060.8 (1077.2) 2433.3 (842.3)
IV 1189.7 (390.5) 1511.1 (716.8) 2210.6 (1027.4) 1300.0 (440.7)
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3. Results

3.1. The structure of vegetation and compositional 
gradients in undrained forested mire margin 
communities

In the DCA ordination of the 92 undrained forested mire margin sample plots and 
88 plant species, the main gradient in the vegetation composition was interpreted, 
according to species ecology, as a fertility or trophic gradient from ombro-oligotrophy 
to meso-eutrophy. The secondary gradient was related to peat thickness, and was 
interpreted as a paludifi cation succession gradient.

The species composition along the main gradient varied from the one end of the 
gradient of ombro-oligotrophic species, typical of bogs and xeric forests and the 
oligo- mesotrophic spruce mire species and mesic forest species, in the middle, to the 
other end of the gradient of herb rich forest and meso-eutrophic spruce mire species. 
Correspondingly, the site types varied from the bog and sub-xeric forest site types 
(KR, KgR and, sEVT, described in Table 1) to the mesic and herb-rich forest and 
spruce mire site types (LhK, RhK, MkK, KgK, MK, sMT, described in Table 1). The 
optimum for species typical of oligotrophic and meso-oligotrophic forest and species 
indicating paludifi cation (Carex globularis Polytrichum commune) were located 
centrally on these two gradients. The site types from a variety of oligotrophic pine 
and spruce mires and paludifi ed forest types were intermixed in the middle of the 
main gradient (I, II).

The main gradient was signifi cantly correlated and relatively parallel with all 
the variables connected to tree stand productivity (basal area, dominant height, 
mean diameter) (I). The correlation with geographical variables also refl ected inter-
correlations with the forest production (fertility gradient) and climatic gradient (I).

The variation in species composition along the second (paludifi cation) gradient was 
related to the peat thickness, varying from the average values of 30 cm for spruce-
pine mires (KR) and Vaccinium myrtillus spruce mires (MK) to under 10 cm for the 
paludifi ed sub-xeric and mesic forest site types (sEVT, sVMT, sMT, Table 1). Although 
only a two axis solution was presented in the DCA ordination of the undrained sample 
plots, the third gradient could be observed by inter-correlation of the stand age and 
geographical (climatic) variables, indicating a higher stand age in the more northern 
and eastern parts of the study area (I).

TWINSPAN classifi cation of the undrained forested mire margin sites confi rmed 
the main gradients found in the DCA-ordination analysis (I, II). The same ecological 
and environmental variables were most often the signifi cant ones at the classifi cation 
levels. The classifi cation failed to separate paludifi ed mineral soil forest sites and 
forested mire margin sites and, in general, the agreement between the TWINSPAN 
clusters and the site types determined in the fi eld was relatively poor. In contrast, the 
TWINSPAN-vegetation clusters were separated well according to spruce and pine 
dominance and the proportions of deciduous trees (I).
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3.2. The diversity of undrained forested mire 
margin communities at the species, community 
and structural levels

Alpha diversity was weakly correlated with site types. Only the most fertile site type 
(LhK) showed a higher species number and Shannon diversity index (H’) between 
the undrained site types. According to species number and Pielou’s evenness index, 
alpha diversity correlated better with the vegetational clusters formed by hierachic 
classifi cation than with site types (II).

The ecological species groups (sub-xeric, mesic and herb-rich forest, bog, spruce 
swamp and poor fen species) were fairly well separated in the species ordination space 
of axes 1 and 2, except for marsh (surface water) and spring water species, which 
were evenly distributed in the ordination. Species richness was not clearly correlated 
with the site fertility gradient, but the evenness of the communities increased towards 
ombro-oligotrophic vegetation (II).

Slightly higher species richness (alpha diversity) and clearly longer gradients (beta 
diversity) were noted in the understorey diversity analyses of the undrained forested 
mire margin sites compared to the mineral soil forests (Tonteri et al. 1990) or genuine 
mires (sparsely treed and open mires) (II).

Structural diversity analysis of the overstorey of the undrained sites, using 
TWINSPAN classifi cation for a total of 16 tree and shrub species in 5 canopy layers 
and in the shrub layer, produced six structurally different clusters. Differences in 
species composition and species distribution within the layers emerged between the 
clusters. The overstorey structure varied from the largest, richest in species, spruce-
dominated cluster (n = 40 plots) to the most pine-dominated (n = 7), and lowest tree 
species number cluster. The parity with these overstorey structural clusters and site 
types or vegetation clusters was relatively poor.

3.3. Effect of drainage on the compositional 
variation and diversity of the understorey 
vegetation in forested mire margin 
communities

The main division of the TWINSPAN-classifi cation analyses occurred according to 
trophic status (fertility level), between meso-eutrophy and ombro-oligotrophy, also 
when the drained and undrained sites were analysed together (n = 156) (III). On the 
main division level, the two cluster groups differed signifi cantly in terms of their 
site fertility levels and tree stand variables, which indicate site productivity (III). 
The effect of drainage emerged as a more complex mixture of variation in species 
composition, and not until the fourth level of divisions could it be interpreted to have 
occurred according to moisture or post-drainage succession on the ombro-oligotrophic 
and oligo-mesotrophic part of the fertility gradient (III).

In the three-dimensional ordination space of the GNMDS ordination of the 
undrained and drained sample plots (III), too, the main gradient was interpreted to 
describe a fertility gradient. About 10 % of the species occurred at both ends of this 
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gradient. Post-drainage succession emerged in the GNMDS ordination as a secondary 
gradient (III). Undrained and drained sites formed a continuum along these main 
gradients (III). An exception was the most herb-rich sample plots, which clearly 
differed from the other sample plots in both the ordination and classifi cation analyses 
(III). These herb-rich, eutrophic drained sites also differed in having higher diversity 
indices in the last phase of drainage (transformed phase), which is most species-rich 
both in understorey and overstorey (III). The length of the second, post-drainage 
succession gradient was clearly shorter than the fi rst one; about 40 % of the species 
occurred at both ends of this gradient (III).

The third gradient in the GNMDS ordination of undrained and drained sample 
plots (III) was as long as the second one, and it was related more to peat thickness 
or paludifi cation and to the development of the tree stand (III). This gradient was a 
complex gradient related to moisture, peat-thickness and tree stand succession (III).

Understorey species richness, as well as the richness of tree and shrub species in 
the overstorey, correlated signifi cantly with the direction of the main fertility gradient 
and with each other (III). Species diversity indices correlated best with the direction of 
the post-drainage succession (or drainage stage) gradient (III). The indices of species 
diversity were the highest in the drained sites, but there was no signifi cant difference 
between drained and undrained communities (III).

The differences and changes in species ecological groups (guilds) fromundrained 
to different post-drainage successional phases were signifi cant (III). In the fi eld layer, 
a decrease in abundances or the disappearance of mire dwarf shrubs, Vaccinium 
oxycoccos and Andromeda polifolia, and a corresponding increase in forest dwarf 
shrubs, Vaccinium vitis-idaea and Vaccinium myrtillus, was observed (Table 3). 
Drainage also affected the increase of certain graminoid and forest herb species 
(Table 3 and 4). In the ground layer a decrease of Sphagnum species and an increase 
of certain forest bryophyte species (so-called carpet mosses; Pleurozium schreberi, 
Hylocomium splendens, Dicranum spp.) along post-drainage succession were obvious. 
(Table 3 and III).

Species richness and Shannon’s diversity index (H’) of the understorey were most 
clearly related to site fertility, but the effect of drainage was also signifi cant (Table 
4, and IV). Simpson heterogeneity (D) and Pielou’s evenness (J) indices were more 
related to drainage (Table 4, and IV). The understorey species richness was greatest 
in meso-eutrophic sites in all drainage phases (IV).

3.4. Structural diversity of the forested mire 
margin communities and the effect of drainage

3.4.1. Effect of drainage on structural diversity of the 
understorey

Differences in the percentage covers of the different growth form groups in the fi eld 
layer, such as dwarf shrubs and herbs (see Table 4 and IV), were strongly related to 
site fertility, although the effect of drainage was also signifi cant (see Table 4 and IV). 
Mean percentage covers of dwarf shrubs on the oligotrophic mire sites and herbs 
and graminoids on the meso-eutrophic mire sites increased towards the last drainage 
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phases (Fig.5 and IV). The mean cover of herbs decreased on oligo-mesotrophic sites 
after drainage. The cover of cyperoids (sedge-like plants) decreased after drainage on 
meso-eutrophic and slightly also on oligo-mesotrophic sites (see Fig. 5 and IV).

The most drastic changes occurred in the mean cover values of growth form groups 
in the ground layer (Fig. 5 and IV). Drainage strongly affected the mean cover values 

Table 3. The fi eld and ground layer species, affected most by drainage as measured by the 
increased or decreased mean percentage covers, or not found at all in the last drainage 
phase (disappeared) in the studied site fertility and drainage phase groups of forested mire 
margin sites.

Increased Decreased Disappeared

Field layer
Dwarf shrubs: 
 Vaccinium vitis-idaea  Vaccinium oxycoccos
 Calluna vulgaris  Vaccinium microcarpum
   Andromeda polifolia
   Chamaedaphne calyculata
Number of dwarf shrub species in undrained phase 11, in the last drainage phase 7.

Graminoids and sedges: 
 Calamagrostis purpurea Carex loliacea (found only in middle phase) Carex echinata 
 Deschampsia caespitosa Carex fl ava (found only in middle phase) Carex digitata
  Carex lasiocarpa (found only in middle phase) Carex pallescens
  Carex vaginata (found only in middle phase) Melica nutans
Number of graminoid and sedge species in undrained phase: 8 and 9, in the last drainage phase 12 and 7.

Herbs: 
 Dryopteris carthusiana Equisetum sylvaticum
 Trientalis europaea  Rubus chamaemorus
 Epilobium angustifolium Oxalis acetosella
 Maianthemum bifolium Thelyptheris palustirs
 Viola palustris
 Dryopteris expansa
 Solidago virgaurea
Number of species in undrained phase: 45, in the last drainage phase: 54. 

Ground layer
Bryidae mosses: Sphagnum species:
 Pleurozium schreberi Sphagnum angustifolium
 Dicranum polysetum S. girgensohnii
 D. scoparium S.magellanicum
 Hylocomium splendens S.capillifolium
 Brachytechium sp. S.centrale
  S.riparium
Hepatics: S.wulfi anum
 Ptilidium ciliare

Lichens:
 Cladina rangiferina
 Cladonia cornuta
Number of species in undrained phase: Sphagnum 12, Bryidae 22, Hepatics 6, Lichens 5, in the last 
drainage phase: Sphagnum 11, Bryidae 35, Hepatics 5, Lichens 4.
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Table 4. Effect of fertility level and phase of drainage on the fi eld and ground layer structure 
tested by two-way ANOVA. Values used are mean percentage covers of different growth 
form groups and number of species and diversity indices. Logarithmic transformations have 
been used for the values of variables with percentage covers. 

 Fertility class Drainage phase Interaction
 F p F p F p

Total cover of fi eld layer (%) 2.65 0.074 0.49 0.690 2.02 0.066
Dwarf shrubs (%) 18.12 0.000 3.75 0.012 1.46 0.195
Herbs (%) 21.49 0.000 6.06 0.001 1.33 0.246
Cyperoids (%) 0.33 0.784 3.12 0.146 0.66 0.685
Graminoids (%) 7.63 0.001 1.15 0.333 1.52 0.176
Total cover ground layer(%) 3.99 0.021 11.09 0.000 1.93 0.080
Mosses (%) 4.01 0.020 7.64 0.000 0.75 0.611
Sphagna (%) 0.21 0.815 13.76 0.000 1.48 0.189
Bryidae (%) 6.45 0.002 6.06 0.001 1.30 0.261
Forest (carpet) bryophytes (%) 4.23 0.016 6.15 0.001 1.45 0.201
Other Bryidae (%) 2.29 0.105 0.83 0.477 1.58 0.158
Hepatics (%) 1.12 0.329 2.33 0.077 1.59 0.154
Lichens (%) 3.99 0.021 1.75 0.160 0.65 0.692
Number of species 24.01 0.000 6.42 0.000 1.61 0.147
Simpson index D 1.20 0.303 4.92 0.003 0.55 0.768
Shannon index H’ 7.37 0.001 5.46 0.001 0.90 0.494
Pielou’s index J 0.84 0.433 6.72 0.000 0.71 0.644

0

20

40

60

I-II III IV
0

10

20

30

40

50

I-II III IV
0

5

10

15

20

25

I-II III IV

0
2
4
6
8

10
12

I-II III IV
0

20

40

60

80

I-II III IV
0

20

40

60

I-II III IV

0

10

20

30

I-II III IV

% % %

% %

%

%

Paludifield forests
Pristine forested mires
Drained forested mires drainage phase 3
Drained forested mires drainage phase 4

Dwarf shrubs Herbs Graminoids

Cyperoids Forest (carpet) bryophytesSphagna

Other Bryidae

I-II = Herb-rich paludified forests Meso-eutrophic mires

IV = Sub-xeric paludified forests oligotrophic forested mires
III = Mesic paludified forests Meso-oligotrophic swamps

Fig. 5. Means and standard error of means (S.E.) of the percentage covers of the growth 
form groups of fi eld (dwarf-shrubs, herbs, graminoids and cyperoids) and ground layer 
vegetation (Sphagna, forest carpet-bryophytes and other bryidae) according to four 
drainage phases and three fertility levels in forested mire margin communities.
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of ground layer species (Table 4, Fig. 5, and IV). At all fertility levels, the percentage 
cover of the total ground layer was clearly smaller in the last drainage phase. The cover 
of bryophytes, and especially that of Sphagnum species, decreased after drainage 
on all the fertility levels (Fig. 5, Table 3, and IV). Drainage also had a statistically 
signifi cant effect on the cover values of forest carpet mosses (e.g Pleurozium schreberi, 
Hylocomium splendens, Dicranum spp.), which increased after drainage on meso-
oligotrophic and oligotrophic sites (Table 3, and IV). The increase in the cover 
values of forest bryophytes on the oligo-mesotrophic and oligotrophic sites of the last 
drainage phase reached the same level as on the paludifi ed mineral soil forests (Fig. 
5, and IV).

3.4.2. Effect of drainage on the structure of the overstorey

3.4.2.1. Canopy layer structure, species composition and diversity

The most apparent change in species composition in the different canopy layers was 
the increase of the cover of pubescent birch (Betula pubescens) in all tree layers on 
all fertility levels after drainage (Fig. 6, and IV). The increase of pubescent birch was 
clearest in the dominant (layer 2) and the intermediate (3) tree layers of the meso-
eutrophic sites. There was also a clear increase of the cover of Scots pine (Pinus 
sylvestris) in the dominant tree layer on the oligotrophic sites in the last drainage phase 
(Fig. 6, and IV). The change in species assortment was the greatest on the drained 
meso-eutrophic sites, where the number of species also doubled even in the dominant 
tree layer and in the shrub layer because of the increase of deciduous tree species. The 
number of species on oligotrophic sites decreased clearly in the last drainage phase 
(Fig. 6, and IV).

Fig. 6. The overstorey structure of undrained and drained forested mire margin sites. 
Mean percentage covers of species in 5 canopy layers (layers 1–5), in shrub (layer 6) and 
in fi eld layer (layer 7) in fertility level (I–II, meso-eutrophic, III oligo-mesotrophic and IV 
oligotrophic) and drainage phase (1 paludifi ed mineral soil forests, 2 undrained forested 
mires, phases 3 and 4 after drainage) groups. The species mean (%) cover and total number 
are expressed by different shadings in each layer.
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Fig. 6. Continued.
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There were no clear differences in the mean number of canopy layers between the 
fertility level and drainage phase groups (Table 5, and IV). The structural variables 
that were clearly affected by drainage were the mean cover of dominant trees (layer 
2) and intermediate trees (layer 3) (Table 5, and IV). The mean percentage cover of 
the dominant trees was greatest in the last drainage phase on all fertility levels (Fig. 
5, and IV). The difference was clearer (p = 0.0165, IV) when the paludifi ed mineral 
soil forest sites were excluded.

The alpha diversity of the overstorey (tree and shrub species), measured on the basis 
of species richness, also differed signifi cantly according to the fertility level (Table 5, 
and IV), but the diversity indices showed no clear differences in the overstorey among 
the fertility level and drainage phase groups (Table 5, and IV).

3.4.2.2. Stand structure

The variation in tree stand size structure, depicted as the variation in mean basal area 
and basal area weighted mean height, was related to site fertility (IV). However, the 
basal area weighted mean diameter (DBH) differed more through its interaction with 
the site fertility level and drainage phase. The effect of drainage also emerged as an 
increase in tree stand density, as depicted by stem number (IV).

Table 5. Effect of drainage and site fertility level on a) structural diversity, expressed as 
percentage covers of canopy layers and b) tree and shrub species diversity, expressed 
with species number and diversity indices, in forested mire margin communities. Results of 
two-way Anova are presented. Logarithmic transformations have been used for the values 
of percentage covers.

 Fertility class Drainage phase Interaction
 F p F p F p

a) Structural diversity
Number of canopy layers 1.73 0.181 0.71 0.545 0.99 0.437
Canopy layer 1. (%) 0.17 0.847 0.12 0.951 1.45 0.200
(overtorey trees)
Canopy layer 2 (%) 1.35 0.262 3.19 0.026 1.55 0.166
(dominant trees)
Canopy layer 3 (%) 1.08 0.344 3.12 0.028 1.41 0.215
(intermediate trees)
Canopy layer 4 (%) 5.94 0.003 1.35 0.260 1.91 0.082
(suppressed trees)
Canopy layer 5 (%) 0.08 0.924 0.65 0.584 0.43 0.855
(understorey trees)
Shrub layer 6 (%) 0.24 0.351 1.10 0.789 1.06 0.390
Seedling layer 7 (%) 4.17 0.018 1.66 0.179 2.39 0.031

b) Species diversity
Species number 6.80 0.002 0.25 0.863 0.09 0.373
Simpson index (D) 0.89 0.415 1.69 0.172 0.64 0.701
Shannon index (H) 0.12 0.886 0.90 0.443 0.57 0.751
Pielou’s index (J) 3.44 0.035 1.34 0.262 0.63 0.705
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In all drainage phases the mean values of all the tree size variables were larger 
on undrained meso-eutrophic and oligo-mesotrophic sites than on oligotrophic sites 
(IV). However, on oligotrophic sites they were the largest in the last drainage phase 
(IV). There was a correlation between the percentage cover of dominant trees (layer 
2) and the basal area of the trees (r = 0.327, p = 0.01). The basal area weighted mean 
height also correlated best with the percentage cover of the dominant trees (r = 0.216, 
p = 0.01).

The shape of the diameter distributions on both undrained and drained forested 
mire margin sites showed great variation in size and age structure (IV). The shape of 
the diameter distributions resembled reversed J-shape distribution curves (IV). The 
differences between undrained mires and the last drainage phase of drained mires 
were greater in most nutrient- rich (meso-eutrophic) and nutrient-poorer (oligotrophic) 
site groups. The dominance of spruce in all diameter classes on undrained meso-
eutrophic mire sites changed to a dominance of pubescent birch and other deciduous 
trees in the lower diameter classes, and the stem number in the larger diameter classes 
had also diminished (IV). As the proportion of pine and spruce had diminished in the 
smallest diameter class in the last drainage phase of the oligotrophic mire sites, the 
stem number of conifers had moved somewhat towards larger diameter classes and 
the shape of the diameter distribution curve of conifers started to resemble that of the 
sub-xeric paludifi ed mineral soil forests (IV).
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4. Discussion

4.1. Evaluation of the data and methods
4.1.1. NFI-data

The data used in this work were collected using systematic cluster sampling during 
the course of the Finnish NFI. Systematic sampling supports methods for reliable 
statistical analysis, although possible systematic variation in the data can effect the 
results. The data were collected using sampling in which all the areas have an equal 
probability of being sampled, and the sample size is equal, and therefore meet the 
criteria for objective results (Yee and Mitchell 1991). For inventories covering large 
areas, such as in the NFI, however, systematic cluster sampling is considered to be the 
most appropriate method owing to its relatively low costs and the fact that the results 
are accurate enough to provide reliable estimates (Päivinen 1987). The NFI data cover 
the whole forested area of Finland and, since the sample plots are located in clusters, 
the within-habitat and between-habitat variation is more accurately discovered. 
The size of the sample plot was also fi xed and, in this respect, the data fulfi lled the 
demands set for reliable data (Yee and Mitchell 1991). 

The sample plots consisted of circular plots on which all the trees were measured. 
This kind of data, in which all the trees are of equal importance, is considered to be the 
most suitable for investigating the stand structure for biological diversity (e.g. Uuttera 
and Maltamo 1995). The NFI data also provide a unique opportunity for determining 
the structural diversity of the tree stands over large areas and determining the average 
structure of forests (Maltamo 2002). In the understorey vegetation survey, the size 
and number of the sample quadrats per plot were largely determined by practical 
considerations. As the total area of the 4 × 2 m2 quadrats was the same on all the plots, 
this may not have been enough to include all the potential species and produce reliable 
mean coverage values (Trass and Malmer 1978, Pakarinen 1984, Økland 1990). The 
vegetation data were collected by 12 different people and the inter-observer difference 
in coverage values varied between 15–40 % depending on the plant species (Tonteri 
1990). This range does, however, appear moderate compared to cover estimations in 
general (e.g. Bråkenhielm and Qinghong 1995). Jukola-Sulonen and Salemaa (1985) 
noted that high coverage values tend to be underestimated and low coverage values 
overestimated. The methods used in the study in hand provide data of suffi cient quality 
to reveal the gradients (see chapter 4.1.2).

From the point of view of obtaining adequate data for pristine forested mire margin 
sites, systematic sampling may not be the best method since it represents the study 
material according to their frequency in Finland. This inevitably results in poor or 
inadequate representation of the variation in mire margin vegetation, because the 
most nutrient-rich sites, being ecologically and fl oristically distinct, are represented 
by only a few sample plots and the relationships between these site types and the rest 
of the data set are not adequately described (e.g. Økland 1990). It should also be kept 
in mind that these data represent a cross-section of the prevailing situation. Thus, the 
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results obtained in this study can be used to support decision-making, but they more 
describe the quantitative trends than the qualitative pattern and processes required for 
for example in nature conservation purposes.

4.1.2. Statistical methods 

4.1.2.1. Beta-diversity methods

The statistical methods used for describing ecological gradients (continuum) and 
structures and beta diversity, i.e. ordination and classifi cation methods, have been found 
to be reliable and robust (Austin 1985, Kenkel and Orloci 1986, Økland 1986, Faith et 
al. 1987, Minchin 1987, Knox 1989, Podani 1989, Økland 1995, Austin 1999). Using a 
combination of ordination and classifi cation techniques to determine the interactions 
between vegetation and environmental attributes has proved to be effective (Lindholm 
and Vasander 1987, Tonteri et al. 1990, Hotanen and Vasander 1992, Hotanen et 
al. 1999, Pitkänen 1997, 2000). The joint use of different ordination methods has 
also been recommended (Kenkel and Orloci 1986, Økland 1990). There has been 
considerable debate about which ordination method is most reliable in interpreting 
the ecological variation and gradients and the ecological dissimilarities and distances 
between and within communities according to the variation in species composition 
and abundances (e.g. Faith et al. 1987, Minchin 1987, ter Braak 1987a, Jongman et 
al. 1987, Peet et al. 1988, Oksanen 1988, Minchin 1989, Økland 1990, Eilertsen et 
al. 1990, Tausch et al. 1995, Oksanen and Minchin 1997, Økland 1999). The two 
paradigms, one using canonical correspondence analysis based methods (ter Braak 
1986) and the other new forms of multidimensional scaling (Belbin 1991), continue to 
exist (Austin 1999). Both methods have been found to be very sensitive to ecological 
assumptions (Austin 1999). In this study, detrended correspondence analysis (DCA) 
and global non-metric multidimensional scaling (GNMDS) methods were used as they 
have been found to be effective and robust methods for fi nding ecological gradients 
(Gauch 1982, Faith et al. 1987, Minchin 1987, Økland 1990, Belbin 1991). The 
application of new regression techniques, i.e. Generalised Linear Models (GLM) (e.g. 
Austin et al.1994) and Generalised Additive Models (GAM) (Hastie and Tibshirani 
1990, Yee and Mitchell 1991, Austin and Meyers 1996) especially with large data sets 
in vegetation analysis, has increased the ability to observe patterns of relationships 
between species and the environment (Austin 1999). This kind of statistical modelling 
has not been used in the study in hand because the most important environmental 
variables available in this study were classifying or indirect variables like fertility 
level and phase of drainage.

The hierarchical, polythetic, divisive, two-way indicator species technique 
TWINSPAN (Hill 1979, Gauch 1982) was used because it has proved to be successful 
in producing clear, easily interpreted classes in many plant ecological studies over the 
last twenty years (e.g. Kuusipalo 1985, Lindholm and Vasander 1987, Hotanen and 
Nousiainen 1990, Tonteri et al. 1990, Pitkänen 1997, 2000, Prieditis 1997). Since the 
results of ordination (DCA, GNMDS) methods and the TWINSPAN-classifi cation 
method used in this study were similar, it was considered that the main ecologically 
meaningfull patterns of the vegetation composition and gradients were found.
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4.1.2.2. Alpha-diversity methods
Species richness, their dominance and abundances, and diversity indices provided 
useful information both about within and between the obtained vegetation clusters 
and fertility level and drainage phase (structural) groups. The diversity indices used 
to describe alpha diversity were chosen from among the indices most commonly used. 
These indices are dependent on the species number and abundances (Peet 1974). The 
numerical values of diversity indices (as Shannon’s diversity index H’) increase as 
the number of species increases, and their occurrences become more even (Kouki 
1994). Many researchers have pointed out the weaknesses of the underlying theory 
and the uncertain biological purpose of the indices of diversity (Whittaker 1972, 
Peet 1974, Alatalo 1981, van der Maarel 1988). However, they can be useful tools 
when interpreting results obtained by other analytical methods (i.e. when used as 
explanatory variables) as in this study (see also Korpela 1994).

4.1.2.3. Structural-diversity methods

Using the structural or physiognomic-structural vegetation classifi cation (e.g. ground, 
fi eld, shrub and tree layers) (Küchler 1967, Küchler and Zonneveld 1988) methods, 
which are specifi cally used in the large-scale mapping or primary mapping of regions 
with poorly known vegetation, gave new, useful information about the structural 
diversity of the studied sites. Although these methods are widely used throughout the 
world, they have not often been used in the Finnish vegetation classifi cation (see e.g. 
Tuominen 1994). Since, the structure of tree stand determined in the form of species 
crown coverage’s in different canopy layers as done in the NFI of permanent sample plots 
(1985–1986 and 1995), tree crown coverage has nowadays become the most important 
criterion for the world-wide defi nition of forests (Forest Resources… 2000).

4.2. The state of forested mire margin communities 
in relation to drainage in Finland

According to the statistics of the 8th National Forest Inventory (1986–1994), only 
25 % of the peatland area of southern and central Finland is nowadays in an undrained 
state (Aapala et al. 1996, Hökkä et al. 2002). About 30 % of the undrained peatland 
area are spruce swamps, and 79 % of the spruce swamps have been drained for forestry 
(Eurola et al. 1991, Hökkä et al. 2002). Most of the drained peatland area is currently 
in the middle phase (transforming phase) of post-drainage succession (Tomppo 1999, 
Reinikainen et al. 2000, Hökkä et al. 2002). According to the data of this study, 
forested mire margin communities are almost equally distributed in the middle and 
last (transforming and transformed) phases of post-drainage succession. Most of the 
sites represented oligo-mesotrophy and oligotrophy (fertility levels III and IV) in 
undrained and in middle drainage phase, and the last drainage phase included more 
sample plots representing meso-eutrophic and meso-oligotrophic sites (levels I–II, 
III). There were only a few oligotrophic sites. Furthermore, according to this study 
the most nutrient-rich (meso-eutrophic) sites reached the last phase of post-drainage 
succession in a shorter time than the nutrient-poorer sites (see also Hotanen and 
Vasander 1992, Laine et al. 1995, Hotanen et al. 1999). This also refl ects that the sites 
with the highest production potential have been drained fi rst. It also should be noted 
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that a part of the drained spruce mires, where the peat layer has almost completely 
disappeared and very little of the original peatland is left, are classifi ed in the NFI as 
mineral soil forests (Hökkä et al. 2002).

The fact that the peat layer on the undrained mire margin sites is thinner than that 
on the drained sites might indicate that only the sites with the thinnest peat layer have 
been left undrained. As the study is based on cross-sectional data and the origin of 
the drained sites is often uncertain, the drained sites may also originally have been 
site types with a much thicker peat layer (the composite types) than is currently the 
situation. Also, the possible drawdown of the ground water level caused by drainage 
in the areas surrounding pristine sites may have affected the thickness of the peat 
layer on these undrained remnants of forested mire margins, which usually cover only 
small areas (Ohlsson et al. 1997, Aapala 2001). The fact that drainage has been more 
intensive in southern Finland is also refl ected in the results of this study (see also 
Tomppo 1999, Reinikainen et al. 2000, Aapala 2001).

4.3. Importance of forested mire margin vegetation 
communities in maintaining the diversity of 
managed forests

4.3.1. Community and species level diversity

The fertility gradient that strongly dominates the pattern of boreal forest and mire 
vegetation in Finland (e.g. Eurola et al. 1984, Kuusipalo 1985, Lahti and Väisänen 
1987, Tonteri et al. 1990) was clearly apparent in the analysis of mire margin 
infl uenced forested sites in both pristine and drained sites (I–IV).

Fertility, as indicated by the concentrations of nutrients in the soil, has been 
demonstrated to be the most important environmental factor increasing the diversity 
of vegetation in boreal forests and mires (e.g. Tuomikoski 1942, Pakarinen and 
Ruuhijärvi 1978, Pakarinen 1979, 1982, 1984, Kuusipalo 1985, Tonteri et al. 1990, 
Økland 1990, Jeglum 1991, Økland 1996). According to studies carried out in boreal 
forests, other important environmental gradients or variables affecting vegetation 
diversity are moisture (e.g. Lahti and Väisänen 1987, Økland 1996), altitude (e.g. 
Økland and Bendiksen 1985), tree species composition, basal area, crown cover, 
stand age (e.g. Kuusipalo 1985, Tonteri et al. 1990, Pitkänen 1998) and succession 
(Tonteri 1994), as well as the interaction between fertility, tree stand crown cover and 
age (Tonteri 1994, Pitkänen 1998). In other words, the conditions in the soil (nutrient 
concentrations, moisture etc.), amount of available light (crown cover, basal area) and 
stand age or succession have an effect on species diversity in boreal forests (see e.g. 
Pitkänen 1998).

In boreal mires the ecohydrological variation attributable to nutrient status (fertility), 
hydrology and mire margin/mire expanse gradients are the main factors that determine 
the diversity and variation in vegetation composition (e.g. Laine and Vasander 1996). As 
forested mire margin vegetation communities are typically situated in the transition zone 
between mineral soil forests and genuine mires, the forested mire sites and paludifi ed 
mineral soil forest sites make up a continuum along the main (fertility) gradient (I–III). 
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Also the mire margin/mire expanse gradient (Lumiala 1937, Sjörs 1948, Eurola et al. 
1984, Malmer 1985) was found to run parallel with the fertility gradient and to comprise 
a single complex gradient. As the indicators of margin infl uence in mire sites are mostly 
mesic forest species, while the indicators of mire expanse partly belong to the sub xeric 
forest species, it is diffi cult to separate these gradients (e.g. Eurola et al. 1995a). The 
signifi cant correlations between tree stand productivity variables and species richness 
and the fertility gradient also accentuated the importance of this gradient.

The secondary gradient in the ordination of undrained (pristine) sample plots 
was interpreted as a moisture or paludifi cation gradient (I–II). In Pakarinen’s (1982) 
Bray-Curtis-ordination of South Finnish mire and forest types, the most dominant 
gradient was the paludifi cation gradient. The moisture gradient on pristine forested 
mire margin sites is shorter than that on mires in general. The second gradient in the 
ordination analyses that included both undrained (pristine) and drained sites (III) 
represented the post-drainage succession and was found to describe the hydrological 
conditions better than peat thickness, because forested mire margin sites have a 
thin peat layer already when they are still undrained. The effect of drainage further 
shortened the second gradient and accentuated the importance of nutrient status (III). 
This illustrated the change towards mineral soil forest vegetation (III). The variation 
in species composition of the understorey along the post-drainage succession gradient 
also indicated changes in the availability of light (III). The increase in the diversity 
indices of the understorey vegetation along the post-drainage succession gradient in 
this study (III) can also be explained on the basis of increased number and cover of 
pioneer and colonist species, as according to Vasander (1987) and Vasander et al. 
(1997) three groups of plants has been found a number of years after drainage: original 
mire species, colonists and forests species.

Beta diversity of the understorey vegetation communities on forested mire margin 
sites in an undrained (pristine) state (I-II), as measured by the length of the gradients, 
seemed to be higher than that in forests in general (cf. Tonteri et al. 1990, Pitkänen 
1997, 2000). In undrained (pristine) forested mire margin sites, the mixing of mire 
margin features, such as spring (ground water) and marsh (surface water) and spruce 
swamp, results in high fl oristic diversity owing to associations with the forest and 
bog species (I-II). After drainage, the species diversity still remained high when 
estimated on the basis of the species numbers and diversity indices only (III). This 
can be explained on the basis of the above-mentioned, increased number and cover 
of pioneer and colonist species (Vasander 1987, Vasander et al. 1997) (III). However, 
species number and diversity indices have not proved to be distinct enough to show 
differences between undrained and drained peatland sites (e.g. Vasander et al. 1997). 
When examined on the basis of the abundance of the species groups (guilds) indicative 
of ecological features, the drained forested mire margin communities change towards 
forest vegetation in which mesic and herb-rich forest species dominate and mire 
species are present as remnants (III). These changes indicate that the composition of 
the vegetation will resemble the corresponding forest sites at the same level of fertility 
(Reinikainen 1988, Laine 1989). The time required for the drained sites to develop 
to the last post-drainage succession phase has been found to vary between 15 and 50 
years, mainly depending on the fertility, moisture conditions and tree stand of the 
original mire type (Laine et al. 1995).
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Although there were no mire margin site types or vegetation clusters displaying 
species numbers higher than the forest sites of corresponding fertility (cf. e.g. Tonteri 
1994), the species assortment seemed to be more diverse (II). The sources of species 
diversity were found in the analysis of the understorey vegetation communities (II). The 
effect of mire margin factors (spruce mire, surface water and spring factors) (Eurola 
et al. 1984) seemed to be weaker than expected, because the most abundant species 
belonged to either forest or bog guilds already in the undrained phase (II). Even so, 
out of a ‘potential’ number of ca. 200 species (Eurola et al. 1995a) for the site types 
studied, about 2/3 were found in NFI-plots. Consequently, the diversity value of these 
habitats was found to lie more on the community than on the species level (I–II). The 
post-drainage succession affected the alpha and beta components in different ways: 
species richness at the sample plot level decreased only slightly, and the ecological 
assortment of species became more monotonous due to the expansion of forest species 
(III).

4.3.2. Changes in structural diversity and species abundances of 
the understorey vegetation

The increase in the mean covers of the fi eld layer was a consequence of the increase 
in forest herbs and grasses and forest dwarf shrubs (III, IV, see also Laine et al. 1995, 
Reinikainen et al. 2000), and even of forest graminoid species, which indicate a marsh 
and spring infl uence (III, IV, Reinikainen et al. 2000).

According to several studies (e.g. Sarasto 1961, Reinikainen 1965, Pienimäki 1982, 
Reinikainen 1984, Laine et al. 1995, Larmola 1997, Hotanen et al. 1999, Reinikainen 
et al. 2000), the cover of mesic forest herbs (e.g. Dryopteris carthusiana and Trientalis 
europaea) clearly increases with increasing drainage age; this was also apparent in 
the present study (III). Sedges and mire herbs disappear relatively soon after drainage 
(Laine et al. 1995). On the other hand, wetland herb species such as Cirsium palustre 
and Viola palustris may become even more abundant after drainage and also grow 
well on forested mire sites in the last phase of post-drainage succession (Aapala and 
Kokko 1988), as was also observed in this study (III). On nutrient-poor mire sites, 
the hummock species Rubus chamaemorus is almost the only herb species (Eurola 
et al. 1995a) and it has been found to benefi t from the disappearance of competitors 
(Aapala and Kokko 1988). In this study on forested mire margin sites, this species 
was clearly the most abundant on undrained oligotrophic mire margin sites, and its 
abundance decreased towards drained and more nutrient rich forested mire sites (III). 
This is a typical phenomenon for drained spruce mire sites, where the tree stand cover 
has become more closed and the cover of competitors, herbs and grasses has increased 
(Sarasto 1961, Silfverberg 1991). Relatively soon after drainage mire dwarf shrubs like 
Ledum palustre might even gain dominance, as was found in the oligotrophic sites in 
this study (III). As the secondary succession proceeds, mire dwarf shrubs give space 
to Vaccinium myrtillus and V. vitis-idaea as the shading from the tree stand canopy 
increases (Laine et al. 1995), as was also found in this study in the oligotrophic sites 
especially (III).

Carex globularis, the indicator species of mire margin infl uence on oligotrophic 
sites, and which is also the most abundant Carex species on forested mire margin sites 
(Ruuhijärvi 1960, Eurola 1962), seemed to be indifferent to the effect of drainage (III). 
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However a decrease in its overall cover in Finland from the 1950s has been detected 
(Hotanen 2000). Most of the Carex species were found on undrained meso-eutrophic 
spruce mire sites (III). The intermediate and fl ark level tall sedges (e.g. Carex 
lasiocarpa, C. chordorrhiza) found as remnants on drained forested mires in the 
middle phase of post-drainage succession refl ected the original tall-sedge dominated 
spruce mire sites (e.g. Laine et al. 1995). Tall sedges usually disappear during the post-
drainage succession because of the increasing shading from trees and dwarf shrubs 
and the reduction in water fl ow (Aapala and Kokko 1988, Laine et al. 1995).

The increase of grasses, such as the most common forest graminoid species 
Deschampsia fl exuosa after drainage on spruce mire sites, and the forest graminoid 
species that indicate surface water and spring infl uence, such as Calamagrostis 
purpurea, C. canescens and Deschampsia cespitosa on herb-rich sites in the last 
post-drainage succession phase, indicated that there was suffi cient light, growth space 
and nitrogen available, and an infl uence of surface water on some species (Holmen 
1964, Platonov 1976).

There was a clear decreasing trend in the cover of ground layer and bryophytes, 
especially the cover of Sphagnum (III, IV, Korpela and Reinikainen 1996b, Korpela 
1998), and a simultaneous increase in the cover of forest bryophytes towards the 
last post-drainage succession phase (III, IV, e.g. Laine et al. 1995, Korpela and 
Reinikainen 1996b, Korpela 1998, Hotanen et al. 1999, Reinikainen et al. 2000). The 
decrease in the mean cover of the total ground layer was most drastic at the meso-
eutrophic fertility level due to the increased cover of the fi eld layer and also due to 
the increased growth of shrubs and trees (IV). Many forest bryophytes, including; 
Pleurozium schreberi, Dicranum polysetum, Hylocomium splendens, already occur 
on hummocks in undrained forested mires and, after drainage, they increase in 
abundance (Laine and Vanha-Majamaa 1992, Laine et al. 1995), as found in this 
study (III). Sphagnum angustifolium and S. girgensohnii clearly decreased on drained 
sites (III) compared to their abundances on undrained sites (I). Spring and surface 
water indicative of Sphagnum riparium and S. squarrosum were still found in the 
last phase of post-drainage succession (III). These species have been usually found 
near ditches, where the growing conditions are still optimal (Nousiainen, Hotanen, 
Vasander, pers. comm.).

As was the case in the studies on the species level diversity of the understorey 
vegetation (II, III), the investigation on the growth forms at the different fertility levels 
and in the different drainage phase groups confi rmed that species richness was more 
related to site fertility (IV). Compared to the species number of the most nutrient-rich 
site groups on the undrained sample plots (II) and the most drained nutrient-rich site 
group in drained sample plots (III), the mean number of species decreased in the 
site group of the last drainage phase (II, III). Lower species numbers and also lower 
Shannon diversity indices (H’) occurred in the groups of most of the spruce and 
hummock level vegetation dominated, oligo-mesotrophic, spruce mires and paludifi ed 
mineral soil forests (II, III, IV). Otherwise, the effect of drainage on the differences 
in the diversity indices was greater than that of fertility (II, III, IV). This is explained 
with the earlier mentioned phenomen of original mire species, colonists and forest 
species a number of years after drainage (Vasander 1987, Vasander et al. 1997).
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4.3.3. Temporal changes in the structure of understorey 
vegetation of forested mire margin sites

A preliminary comparison of the results for the growth-form groups of the understorey 
vegetation in three different National Forest Inventory surveys, i.e. at the beginning 
of the 1950’s (NFI 3, 1951–1953), the middle of the 1980’s (NFI 8, 1985–1986, the 
permanent sample plots of this study) and during the 1990’s (NFI 9, 1995, the same 
permanent sample plots as in this study) shows the same kind of trends and direction of 
the development of the vegetation communities of forested mire margin sites as found 
this study (Fig. 7). The most striking feature in the 8th and 9th inventories compared 
to the 3rd inventory in the 1950’s is, in addition to the small number of drained sample 

Fig. 7. The temporal changes according to mean percentage covers of some of the growth 
form groups of fi eld (forest dwarf-shrubs, mire dwarf-shrubs, graminoids and cyperoids) 
and ground layer vegetation (sphagna and bryidae). The mean covers are expressed in three 
different fertility levels (I–II, meso-eutrophic, III oligo-mesotrophic and IV oligotrophic) 
and in pristine and drained phases according to the 3th National Forest Inventory (NFI) 
(1951–1953 = a) and in pristine and drained phases 3 and 4 according to the 8th NFI 
(1985–1986 = b) and the 9th NFI (1995 = c). The number of sample plots in each group is 
expressed above each bar.

752385

290

4537

21 1222

4

20
19

4

7

11

12

1010
2

1322

6

5

23
9

752

385
290

45

3721

12

224

20

19

4

7

1112

10

10
2

13

22
6 5239

752
385

290

45

37

21

12
22

4
20194

7
11

12

1010
2 1322
6

5

23
9

290 385

752

21

37

45

4

22 124
19 20

12 11 7
2

10

10

6
22

13

9 23

5

290

385 752

21

37
45

4

22
12

4

19 20

12

11

7

2 10
10

6
22

13
9

23

5

290
385

752

21

37

45

4

22 12

4
19

20

12
11 7

2

10 10

6
22 13

9 23 5

Forest dwarf-shrubs Mire dwarf-shrubs

Graminoids Cyperoids

Bryidae Sphagna

0

20

40

60

0

5

10

15

20
Cover %Cover %

0

5

10

15

20

25

0

5

10

15

20

0

20

40

60

80

0

20

40

60

80

I-II III IV
aaa bb b ccc

I-II III IV
aaa bbb c c c

I-II III IV
aaa bbb ccc

I-II III IV
aaa bbb ccc

I-II III IV
Fertility level

aaa bbb ccc
I-II III IV

Fertility level

aaa bbb ccc

Pristine
Drained
Drained phase 3
Drained phase 4

Leila Väikkäri.indd   43 12.11.2004, 16:18:07



44

plots, the large number of sample plots also in the undrained, most nutrient- and herb-
rich, meso-eutrophic sites (Fig.7). The systematic, higher mean abundances in the 
1950’s survey are partly due to the different methods used in the assessment of the 
vegetation coverage (see Heikkinen and Reinikainen 2000).

The same kind of changes in the fi eld layer vegetation as described earlier in this 
study, such as a slight increase of forest dwarf shrubs and a decrease of the mean covers 
of mire dwarf shrubs, in the drained oligo-mesotrophic and oligotrophic sites are most 
clearly evident in the surveys of the 8th and 9th NFI (Fig. 7). The comparison also 
shows that mire dwarf shrubs are most abundant in the oligotrophic sites according 
to all the inventories, and that the dwarf shrubs in the oligo-mesotrophic sites mainly 
comprise forest dwarf shrubs already in the pristine sites (Fig. 7). The changes between 
the undrained and drained sample plots of the 1950’s survey are relatively small and 
are seen as decreased mean covers of all dwarf shrubs at all fertility levels (Fig.7). In 
the fi eld layer, only the increased mean covers of graminoids and the decreased mean 
covers of sedge-like species after drainage are seen in all the inventories, as well as 
in in the data of the NFI in the 1950’s (Fig. 7). These comparisons between different 
inventories further confi rm that changes, such as the clear decrease of Sphagnum 
species and the increased mean cover of certain forest bryophytes, have taken place in 
the ground layer after drainage (Fig. 7, see also Mäkipää and Heikkinen 2003).

The changes that have taken place in the vegetation composition and abundances 
after the 1950’s are considered to be mainly due to changes in land use and in forest 
management practices (see Vanha-Majamaa and Reinikainen 2000). The observed 
changes in the mean covers of the understorey vegetation between the 8th and 9th 
inventories are mainly caused by the post-drainage (secondary) succession and by 
changes in the density and cover of the tree canopy layers (see Hotanen et al. 2000).

4.4. Structural features of the overstorey of 
forested mire margins that contribute in 
maintaining the diversity of managed forests

4.4.1. Canopy layer structure, species diversity and composition

Generally, the variation in overstorey diversity could be explained on the basis of 
the same factors as the understorey diversity, namely fertility and site hydrology or 
post-drainage succession (IV). The number of tree and shrub species differed by site 
fertility in all drainage phases, which indicates that diversity in stand structure by type 
groups, as was found in this study, is more dependent on the fertility of the sites (e.g. 
Uuttera et al. 1997). There were no clear differences between the diversity indices of 
the tree and shrub species (IV), as was the case in the understorey vegetation (II–IV). 
There has been criticism that diversity indices are not, as such, entirely suitable for use 
in forestry because tree size and its variation, as well as many other important stand 
parameters, are not recorded (e.g. Lähde et al. 1999).

The effect of drainage was apparent as a change in the tree and shrub species 
composition and in the structural diversity expressed as percentage covers of the 
different canopy layers (IV). After drainage, the main change in the tree layer 
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structure was the increased cover of the dominant trees at all fertility levels (IV). 
These changes can be explained on the basis of the competitive advantage obtained 
by the existing individual trees after drainage. The greater release growth of smaller 
compared to larger trees means that even the suppressed individual trees, especially 
birch and pine, benefi t from the drawdown of the ground water level and subsequent 
improvement of the growth conditions (Hånell 1984, Hökkä and Laine 1988, Hökkä 
1997, Uuttera et al. 1996, 1997, Sarkkola et al. 2003). 

Minerotrophic mire sites, such as all the fertility levels in this study, have been 
found to develop into mixed stands of pubescent birch (Betula pubescens), Norway 
spruce (Picea abies) and Scots pine (Pinus sylvestris) after drainage (Päivänen 1999). 
The more nutrient-poor sites will mainly support Scots pine (Keltikangas et al. 1986). 
On drained peatlands, pubescent birch is a typical pioneer tree species that can rapidly 
occupy sites that have free space as a result of ditching or cutting (Päivänen 1999). 
The increase of pubescent birch in this study was the clearest in the drained nutrient-
rich sites (IV). The increase of deciduous trees, especially pubescent birch, has been 
found to be greatest in drained spruce swamps that were originally hardwood-spruce 
fens (so called nutrient-rich composite types) at the time of ditching (Keltikangas et 
al. 1986). According to the differences in the growth dynamics of spruce, pine and 
birch, spruce has lower growth rates, when small, than birch and pine, which grow 
fast when they are still small (e.g. Hökkä 1997). Spruce, on the other hand, may also 
grow fast when large (Mielikäinen 1985). The lower growth of small spruces on the 
most nutrient-rich sites after drainage might be also due to the fact that they grow in 
more densely stocked stands, on the average, already in the undrained phase and their 
growth might be also limited by competition from larger trees (e.g. Hökkä 1997), as 
well as from the pioneer tree species of birch (e.g. Päivänen 1999). The number of 
deciduous tree species and the presence of certain deciduous species (i.e. Betula sp., 
Alnus sp., and Populus tremula) and the cover of the shrub layer was still considerable 
in forested mire margin communities after drainage (see Norokorpi et al. 1997), but 
the abundances of species like Alnus glutinosa in the upper layers was clearly lower 
(cf. Aapala 2001).

4.4.2. Stand structure 
The uneven-aged and uneven-sized structure, which is a typical feature of old-growth 
forests and also of pristine spruce mires (Heikurainen 1971, Gustavsen and Päivänen 
1986, Segerström et al. 1994, Hörnberg et al. 1995, Segerström et al. 1996, Norokorpi 
et al. 1997), was the most evident feature on the undrained sites of this study (IV). The 
fact that drainage or site fertility had no effect on the number of canopy layers in the 
studied forested mire margin communities (IV) also indicates that the great variation 
in age and size was a relatively permanent phenomenon, because it has been found to 
continue during the fi rst decades after drainage (e.g. Hökkä and Laine 1988, Uuttera 
et al. 1996, 1997, Päivänen 1999, Sarkkola et al. 2003). This was found in both the 
analyses of the diameter distribution and the canopy layer structure (IV).

The differences in the tree size distributions between undrained and drained forested 
mire margin sites of corresponding fertility levels were similar to the fi ndings in other 
studies carried out on forest structure in undrained and drained forested peatlands 
(e.g. Hökkä and Laine 1988, Uuttera et al. 1996, 1997, Sarkkola et al. 2003). The 
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reversed J-shape diameter distribution was clearly evident at all the fertility levels on 
the drained sites of this study. The most spruce-dominated, oligo-mesotrophic, spruce 
mire sites of this study had the most static reversed J-shaped diameter distribution in 
both the pristine and drained phases. The pristine phase differed in this respect from 
that of a case study carried out on pristine spruce mires in the middle boreal zone in 
Finland (Saaristo 1998), where the stem number distribution was found to be either 
only a slightly reversed J-shape or having two peaks, but the stand age was also higher 
than that of the spruce mires included in this study. In this study, in the most spruce-
dominated group, the effect of drainage was most readily revealed by canopy layer 
structure analysis and by the change in tree species proportions than by the shape of 
the diameter distribution (see also Uuttera et al. 1996, 1997). Owing to a number of 
factors, such as the increase in stand density, caused by the improved growth conditions 
after drainage (Roy et al. 2000), the uneven-aged and uneven-sized structure may even 
be emphasized and continue for some decades after drainage (Hökkä and Laine 1988, 
Uuttera et al. 1996). This was clearly seen on the most nutrient-rich meso-eutrophic 
sites in the last drainage phase, and on the nutrient-poorer, oligotrophic sites in the 
middle phase of post-drainage succession (IV).

In this study the relatively small number of plots in the undrained phase, especially 
on the most nutrient-rich sites, made it diffi cult to compare the diameter distributions 
in each forest development class in each drainage phase and fertility level group (see 
Päivänen 1999). The uneven diameter distribution structure both in the undrained and 
drained phases of the forested mire margin sites of this study resembled that of the 
spruce and pine mire sites in the cross-sectional data of the whole 8th National Forest 
Inventory 1986–1994 (Hökkä et al. 2002), and differed from the more even diameter 
distribution structure of managed mineral soil forests (Hökkä et al. 2002).

4.4.3. Disturbance dynamics, restoration and management from 
the point of view of diversity

Instead of the earlier “balance-of-nature” paradigm, emphasizing stability, 
homogeneity, predictability of successional development and overemphasizing the 
role of succession and its assumed endpoint, the so called climax stage (Clements 
1916, Cajander 1926), the role of disturbances has been found to be important in boreal 
forests (Kuuluvainen 2002). The earlier “balance-of-nature” paradigm, which was 
congruent with the optimality model of timber management, emphasizing maximum 
timber production through homogeneous stand and age-class structure, and avoiding 
losses due to natural disturbances, have been found to lead to a reduction in biodiversity 
and possibly the ability of ecosystems to adapt to environmental changes (Kouki 1994, 
Esseen et al. 1997, Linder and Östlund 1998, Siitonen 2001, Kuuluvainen 2002).

Since boreal forests are among the most disturbance-prone ecosystems (van der 
Maarel 1993), disturbance has a wide effect on the ecological conditions, vegetation 
and population dynamics in boreal forests (Zackrisson 1977, Kuuluvainen 1994). 
Natural disturbance, resulting from wildfi res, tree uprooting, and animal activity, 
ranges from broad to fi ne scales (e.g. Zackrisson 1977, Kuuluvainen 1994, Linder 
et al. 1997, Rydgren et al. 1998). In many areas it has been found that small-scale 
disturbances that occur continuously can actually be more infl uential than infrequent 
catastrophic disturbances (Bergeron et al. 1999, Rouvinen et al. 2002).
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In studies on old-growth Picea abies -swamp forests, Hörnberg et al. (1995) found 
that these sites are, in a short term perspective (< 300 years), characterized by an all-
aged structure and a small-scale disturbance dynamics, in which individual trees reach 
senescence, die, and fall to the ground (Hörnberg et al. 1995). The tree layer and tree 
size distribution analyses, especially that of the undrained phase, gave hints of small-
scale disturbance dynamics (see also Heikurainen 1971, Gustavsen and Päivänen 
1986, Norokorpi et al. 1997), although information about the amount and quality of 
dead and decaying wood was not available and the highest stand age of the undrained 
spruce mire was not greater than about 200 years in this study.

An uneven-aged structure, indicating the continuity of natural regeneration (see 
Hörnberg et al. 1997), was also found in the tree layer structure analysis of this study, 
the lower undergrowth, shrub layer and tree and shrub seedlings (< 50 cm) being 
rather abundant at all fertility levels and in all drainage phases.

Disturbance dynamics on natural spruce mires and its effects on habitat and species 
diversity have not been studied in Finland (see Aapala 2001). According to recent 
palaeoecological studies carried out in Sweden (Segerström et al. 1994, Hörnberg et 
al. 1995, Segerström et al. 1996, Segertsröm 1997), spruce mires are not unchangeable 
refugees, but both natural and anthropogenic disturbances have occurred and resulted 
in changes in vegetation composition in long-term (> 300 years) dynamics (Segerström 
et al. 1994, Hörnberg et al. 1995, Segerström et al. 1996, Segerström 1997). On natural 
spruce mires, the fi re frequency (often > 400 years) has been found to be generally 
much lower than that on mineral soil forests (50–180 years) (Zackrisson 1977, 
Hörnberg et al. 1998), which results in a longer continuation of undisturbed forest 
(see Aapala 2001). The effects of slash and burn cultivation, which continued up until 
the late 1800’s in eastern Finland, might still be refl ected in the tree stand structure 
and dynamics of spruce mires as a lack of old, large diameter trees or decaying wood 
(Aapala 2001).

Forest management is the main driving force affecting forest dynamics on drained 
forested mire margin sites but, as stated earlier in this study, there continues to be great 
variation in age and size during the fi rst decades after drainage (e.g. Hökkä and Laine 
1988, Uuttera et al. 1996, 1997, Päivänen 1999, Sarkkola et al. 2003). The drawdown 
of the water level and subsequent improvement of growth conditions have been found 
to even increase the regeneration and number and cover of seedlings reaching the 
measurable (DBH) height of 1.3 m in forest inventories (Hånell 1984, Hökkä and 
Laine 1988, Hökkä 1997, Uuttera et al. 1996, 1997, Sarkkola et al. 2003). This was 
also clearly seen in the different phases after drainage in this study. The diverse and 
uneven structure of drained spruce mires have been found to last for as much as 60 
years after drainage, although there is a shift in the peaks of the DBH distributions 
towards larger diameters, and the stem number in smaller DBH classes decreases 
(Sarkkola et al. 2003). Some degree of self thinning (see e.g. Hynynen 1993), but 
almost more certainly the effects of forest management through removal of the “less 
valuable” and suppressed trees in order to allocate the growth resources to the more 
desired crop component to increase its production, results in the later phases of drained 
spruce mires becoming more unimodal or even-structured tree stands, and they start 
to resemble more the managed tree stands of mineral soil forests (see Sarkkola et al. 
2003). 
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According to a recent study on the natural regeneration of spruce mires in central 
and northern Sweden (Hörnberg et al. 1997), small-scale disturbance dynamics was 
found. The seedlings of spruce have been found to survive the best on hummocks 
dominated by Sphagnum girgensohnii and/or Polytrichum commune and on decaying 
fallen trunks and stumps, and the poorest on microhabitats dominated by Pleurozium 
schreberi and Hylocomium splendens (Hörnberg et al. 1997). As was also observed 
in the study in hand, the cover of Sphagnum girgensohnii and Polytrichum commune 
decreased after drainage and that of the above mentioned forest mosses increased. 
This means that the regeneration of drained spruce and pine mires after commercial 
cuttings will be problematic (see Lukkala 1946, Hånell 1991, Hannerz and Hånell 
1993). The sources of tree inequality on peatland sites during the fi rst post-drainage 
tree generation are the original vertical structure of the stands, the mosaic of micro-
sites, and their receptivity for regeneration (Saarinen 1997). The importance of these 
properties seems to decrease after regeneration (Saarinen 1997).

It was not until the 1990s, when the ecological sustainability of forest use became a 
signifi cant issue in the marketing of forest products, that a major change took place in 
forestry practices as a result of international agreements to protect forest biodiversity 
(e.g. Kuuluvainen 2002). In Sweden and Finland, management guidelines based on 
site-specifi c consideration of natural disturbance (fi re) dynamics have been infl uential 
in guiding many of the practical efforts to protect and restore forest biodiversity 
(Angelstam and Pettersson 1997, Angelstam 1998, Fries et al. 1998, Karvonen 1999). 
Guidelines for assessing and protecting the so-called key biotopes, usually small areas 
with high diversity value in managed forests such as e.g. the sites of herb-rich spruce 
mires, have also been produced (e.g. Meriluoto and Soininen 1998). 

The restoration of drained spruce mires, especially in nature conservation areas, 
has become a very important issue in restoring the diversity in forested areas of 
Finland (Metsähallitus-Forest and Park Service 1999, Virkkala et al. 2000, Vasander 
et al. 2003). Some of the most urgent sites to be restored are densely wooded nutrient-
rich peatlands (spruce mires), because they include both threatened peatland and 
forest species and often have a special landscape value (Metsähallitus-Forest and Park 
Service 1999, Virkkala et al. 2000). The total area of drained spruce mires in nature 
conservation areas in Finland that need to be restored is about 3 490 ha, which is about 
17 % of all the peatland areas to be restored (Ennallistaminen… 2003).

Restoration of the uneven forest structure typical for old-growth forests and spruce 
mires, as described in this study, has been found to be problematic. In drained spruce 
mires, with a closed tree canopy, the dominant tree species is usually spruce, which 
is very sensitive to rapid changes in the ground water table level, that is caused by 
the normal restoration practices of fi lling and blocking the ditches (Heikkilä and 
Lindholm 1997, Ennallistaminen… 2003). New alternatives for restoring such areas, 
such as cutting some of the trees, have been suggested as one suitable approach, as 
this may raise the ground water table to a suffi cient extent to start the recreation of 
a mosaic structure of hummocks and intermediate levels (Ennallistaminen… 2003). 
Generally, when restoring forest structure, alternative methods such as cutting small 
canopy openings, damaging some of the trees, and prescribed burning, have also been 
suggested (e.g. Tukia 2001). However, there is still a considerable need for research on 
alternative methods for restoring drained spruce mires.
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5. Concluding remarks
This study (I–IV) supports the earlier conclusion that undrained mire margin forest 
communities conserve the different components of diversity.

The remnants of these biotopes, which represent less than 20 % of the undrained 
wetland area in Finland, deserve careful management of diversity at least (I–II).

According to the vegetation composition, the nutrient level of the forested mire 
sites in the last phase of post-drainage succession was generally higher than that in 
the remnants of the undrained sites. It was also evident that the effect of drainage 
further shortened the moisture gradient, which was already short in the pristine phase, 
and thus accentuated the importance of the nutrient status (III). Forest drainage has 
weakened their diveristy value (I–IV).

As stated e.g. by Tilman (1982), the enrichment of nutrients may cause an initial 
increase in diversity, but this can be only a transient phenomenon in the composition of 
the community. This conclusion was based on the groups of species (guilds) indicative 
of different ecological features (III). The drained forested mire margin communities 
change towards forest vegetation in which mesic and herb-rich forest species dominate 
and mire species are present as remnants (III).

The most drastic change after drainage took place in the ground layer of forested 
mire margin sites (III, IV). The decrease of Sphagnum species and their replacement 
by forest bryophyte species such as Pleurozium schreberi was clearly evident (III, 
IV). In the fi eld layer, changes in different growth form groups were observed as an 
increase of the most common forest grasses and mesic forest herbs on meso-eutrophic 
drained sites, the increase of forests dwarf shrubs on oligotrophic sites, and the general 
decrease in sedges after drainage (IV). This refl ected the change towards mineral soil 
forest vegetation in the understorey vegetation (III–IV).

According to this study, the effect of drainage on the tree stand was more evident 
as a change in tree and shrub species composition and abundance in different layers 
than in the tree size distributions (IV). This was most clearly seen as an increased 
percentage cover of the dominant trees and an increased percentage cover of deciduous 
trees, especially of pubescent birch (IV).

Further studies on the state of natural mire margin forests (spruce mires) are 
needed for developing silvicultural models that mimick natural forest dynamics and 
in restoring the drained spruce mires if they are to be successful in terms of ecosystem 
sustainability and biodiversity. Further studies are also needed on the regeneration of 
spruce mires under both undrained and drained conditions in Finland in order to fi nd 
methods for preserving the diverse forest structure in later tree stand generations.

As the results from studies on natural forests are important as reference for the 
managed commercial forests (Hanski and Hammond 1995), and because there are 
nowadays so few remnants of natural forested mire margin sites in Finland, temporal 
studies on corresponding sites based on the NFI data stretching back to the 1950s 
would also be of utmost importance.
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