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ABSTRACT

This working report summarizes current knowledge of the land up-lift induced 
vegetation succession and future vegetation types on Olkiluoto Island and its 
surroundings. The report is based on generic literature and site-specific studies 
concerning Olkiluoto Island. Current vegetation on Olkiluoto Island and typical 
succession lines on different soil types are described, as well as main factors affecting 
the succession. Most relevant materials on hand are listed. Some problems and possible 
areas to be emphasized before using the data in modelling work are pointed out. 

Keywords: land up-lift, succession, vegetation, GIS analyses. 



TULEVAISUUDEN KASVILLISUUS JA TÄRKEIMMÄT SEN KEHITYKSEEN 
VAIKUTTAVAT TEKIJÄT OLKILUODON YMPÄRISTÖSSÄ 

TIIVISTELMÄ

Tässä työraportissa kootaan yhteen tämänhetkinen tietämys maankohoamisen alkuun-
panemasta kasvillisuuden sukkessiosta sekä tulevaisuuden kasvillisuudesta Olkiluodos-
sa ja sen lähiympäristössä. Raportti perustuu kirjallisuuteen ja Olkiluodossa käynnissä 
oleviin ympäristötutkimuksiin. Nykyinen kasvillisuus ja tyypilliset sukkessiolinjat eri-
tyyppisillä mailla esitetään, samoin kuin merkittävimmät sukkessioon vaikuttavat teki-
jät. Tärkeimmät olemassaolevat materiaalit listataan. Joitain ongelmia ja lähempää 
huomiota vaativia alueita osoitetaan, lähinnä mallinnustöitä silmälläpitäen. 

Avainsanat: maankohoaminen, sukkessio, kasvillisuus, GIS-analyysit.
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PREFACE

This report was ordered by Posiva in March 2005 (9591/05/LAJE) as part of the terrain 
and ecosystems development modelling work at the Olkiluoto nuclear waste disposal 
site. Ari Ikonen from Posiva acted as the supervisor for this work. The expert review of 
this report was performed by Dr. Leila Korpela at the Finnish Forest Research Institute. 
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1 INTRODUCTION 

1.1  Spent Fuel Repository Programmes  

Olkiluoto Island on the Finnish coast of the Bothnian Sea has been selected as the loca-
tion of a final repository for spent nuclear fuel. The company responsible for the proc-
ess, Posiva Oy, has started extensive studies concerning the long-term safety of the dis-
posal. The Swedish Nuclear Fuel and Waste Management Co (SKB) is facing a similar 
task and has started safety analyses as well. The biosphere is an important factor in the 
safety analyses. It is not stable, but may undergo changes in the long run. One compo-
nent of the biosphere is vegetation, which is affected, for example, by changes in cli-
mate. Humans may very rapidly change the land cover (development, clearing land for 
cultivation, reforestation) and more gradually affect the nutrient loads from atmosphere.  

According to the regulations, in the safety analyses the biosphere assessment is to be 
based on climate, human habits, nutritional needs and metabolism similar to the current 
ones, but reasonably predictable changes are to be taken into account (STUK 2001).

1.2  Land Up-Lift and Vegetation Succession 

In the Gulf of Bothnia, one reasonably predictable variable is the continuous change in 
the shoreline caused by the postglacial land up-lift and global eustatic sea level change. 
The combined effect is that new land is constantly emerging from below sea level at a 
net up-lift rate of approx. 6 mm/y, to be colonized by terrestrial vegetation. Thus, al-
logenic vegetation succession starts, creating a continuum from littoral vegetation to a 
forest. This can be considered primary succession (not influenced by previous vegeta-
tion), although the soil may have been affected by vegetation when still submerged. 
Land up-lift may also have an impact on the vegetation via changing the  direction of 
water flow.  Other factors starting or accelerating succession at the shoreline are the 
sedimentation of solid materials brought by the nearby rivers and eutrophication and 
paludification of shallow bays.

In the landscape modelling work within the frame of biosphere assessment, the main 
focus was first set on shoreline and wetland vegetation, since they most probably repre-
sent deep groundwater discharge areas (Ikonen et al. 2005). Furthermore, the shores 
may serve as routes, which contaminate the terrestrial ecosystems with radionuclides 
via sea water level fluctuation and wave action.

The Swedish candidates for the deep repository sites are likewise located on the coast 
of Gulf of Bothnia, thus the land up-lift needs to be taken into account. Jerling et al. 
(2001) described the land up-lift driven development of vegetation in the Forsmark 
study area and Kautsky (2001) summarized the knowledge of current and future bio-
sphere. Kellner (2003) compiled the knowledge of wetland development in conditions 
prevailing in the Swedish land up-lift coast. Löfgren & Lindborg (2003) laid out a de-
scriptive ecosystem model, where the landscape processes affecting the site were also 
considered, since they are a key to the future ecosystems.  
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1.3  Olkiluoto Site 

The coast of Olkiluoto Island is characterized by shallow bays surrounded by small 
islands (Fig. 1). The water in the Baltic Sea is brackish. The soil of this relatively flat 
island is mainly fine-textured till originating from the bedrock consisting of mostly 
mica gneiss and other Svecofennian meta-sediments and plutonic rocks. The climate is  
continental climate, with some local marine influence. 

The current vegetation at the study area was first described by Siitonen & Ranta (1997). 
Miettinen & Haapanen (2002) surveyed the vegetation of the main island and deline-
ated vegetation polygons, the forest resources (including soil types) of which were fur-
ther inventoried in 2003 (Rautio et al. 2004). A grid of 560 sample plots, called forest 
extensive monitoring (FET) plots, was established on the island in 2003, and the forest 
parameters of these plots were measured in 2004 (Saramäki & Korhonen 2005), after 
which Huhta & Korpela (2006) performed a detailed vegetation inventory on 94 of 
these sample plots, called forest extensive high level monitoring plots (FEH). Very fine 
scale analyses of changes in vegetation in two observation areas (forest intensive moni-
toring plots, FIP) are carried out annually by the Finnish Forest Research Institute. In 
these plots the soil solution and stand throughfall is also monitored (Haapanen 2005, 
2006, Raitio et al. 2007). Aquatic macrophytes are studied at five-to-ten year intervals 
by diving along established study lines, within the environmental surveillance program 
of the nuclear power plant, most recently in 2004 (Kinnunen & Oulasvirta 2004). 
Phytoplankton is sampled annually from water quality monitoring sites in the nearby 
sea region (Kirkkala 2004). The sea bottom topography and sediments in the surround-
ing areas were mapped in 2000 (Rantataro 2001).  

According to these studies, the terrestrial vegetation on the island is typical for the 
coastal areas of Gulf of Bothnia. The landscape is characterised by commercial forests, 
rocky hills, and some nutrient-rich mires and near shore also by meadows and colonies 
of common reed. The marine ecosystems close to the nuclear power plant are affected 
by the warming effects of the cooling water discharge, which began in the 1970s. The 
cooling waters have prevented the formation of ice cover during the winter in an area 
the size of 5-20 km2 around the discharge site. This has lengthened the growing season 
of phytoplankton and macrophytes and caused changes in the bottom quality and spe-
cies composition. The increased primary production and consequent sedimentation has 
changed some bottoms close to the discharge area from hard to soft. The general eutro-
phication of the Baltic Sea strengthens this local phenomenon.

The land up-lift affects the whole local hydrogeochemical and biological system of the 
island. Olkiluoto emerged from the sea about 3,000 to 2,500 years BP (Eronen & Lehti-
nen 1996). The remaining up-lift is estimated to be approx. 50-120 m (Ekman 1993). 
The conditions at older locations are changing: from exposed to more sheltered. The 
soil formation starts on the newly emerged areas. The soils at the current island are rela-
tively young, thus the microbial activity, nutrient concentrations, organic matter con-
tents and stratification are going to change, in the existing soils, as well as in the future 
ones (Aikio 2000, Merilä 2002, Starr 1991, Starr & Lindroos 2005).
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1.4  This Report 

Information on future vegetation in the target area can be obtained by studying the  cur-
rent vegetation, soil and sea sediment types, and their relations, as well as through stud-
ies of past occurrences (historical records, maps, chronosequences). Results, models 
and conclusions presented in generic literature are useful. Data may be enhanced by 
Geographical Information System (GIS) analyses and models concerning shoreline dis-
placement.  

This report compiles current knowledge of the future vegetation on Olkiluoto Island 
and its nearby areas and it is based on site-specific reports and study results from rela-
tively similar areas, presented in literature. The emphasis is on the succession caused by 
land up-lift. It does not intend to be the final word, but aims to give hints on what in-
formation is lacking, what can be done with the existing data and which problems may 
be faced. Although it is known that the conditions for sedimentation vary both in sea 
(Brydsten 1999) and lakes (Huttula 1994, Brydsten 2004), it is assumed here that the 
resulting soil type is known, and no attempt is made to forecast the sediment ero-
sion/resedimentation. 
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Figure 1. Olkiluoto site. 
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2 CURRENT VEGETATION, AND ASSUMED TERRAIN AND CLIMATE 
DEVELOPMENT IN THE STUDY AREA 

2.1  Current Vegetation and Soils 

The current distributions of vegetation and soil and their relations in the modelling area 
are good starting points for the future forecasts because the current offshore sediments 
resemble the present soils on Olkiluoto Island. Agricultural fields are common in 
southwestern Finland, but fewer on the main island of Olkiluoto. They are not dis-
cussed in the text below. 

2.1.1  Forests and Mires 

The forest soils on Olkiluoto are on the average slightly more fertile than in the South-
west Finland Forestry Centre (Saramäki & Korhonen 2005). Fresh (mesic) mineral soil 
(Myrtillus site type) is the dominant forest site type with over 60% coverage on forest, 
scrub and waste land (Table 1). Small reindeer lichen (Cladina) dwarf shrub rocks are 
numerous among the more fertile forests. The soils in the area are mainly fine-textured 
or sandy till (Rautio et al. 2004; Fig. 2). The relative area of mires is less than the aver-
age for Southwest Finland, and most of the mires have been drained (Saramäki & Kor-
honen 2005). The largest mire, Olkiluodonjärvi swamp, has been relatively recently 
formed from a bay. There the peat was mainly wet, weakly decomposed Common 
Reed-Carex-Sphagnum peat (Ikonen 2002).

Table 1. Distribution (%) of soils and forest site types (with Finnish abbreviations) on 

the main island of Olkiluoto (data from Rautio et al. 2004).

 Till Peat Exposed  

 Gravel Sand Fine-

textured

Sedge Sphagnum bedrock Total 

Groves 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Grove-like/herb-rich

(OMT)

0.0 0.1 19.4 1.4 0.0 0.0 20.9 

Fresh/mesic (MT) 0.2 28.1 33.0 1.8 0.0 0.0 63.2 

Dryish/Sub-xeric (VT) 0.1 10.2 0.0 0.0 0.0 0.0 10.3 

Dry/Xeric (CT) 3.3 0.0 0.0 0.0 0.4 0.0 3.7 

Extr. infertile (ClT) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Rocky, sandy 0.5 0.0 0.0 0.0 0.0 1.4 1.9 

Total 4.2 38.4 52.4 3.2 0.4 1.4 100.0 



Figure 2. Soil types on forest, scrub and waste land, according to Rautio et al. (2004).
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According to Saramäki and Korhonen (2005) the tree species distribution differs from 
that of the Southwest Finland Forestry Centre. In addition to the higher fertility of the 
soils, the great proportion of coastal line affects the tree species composition. There is a 
greater amount of Norway spruce (Picea abies; 40% of growing stock volume) and 
deciduous species. The proportion of silver birch (Betula pendula) and downy birch (B.

pubescens) is over 20%. Other deciduous trees (mainly black alder, Alnus glutinosa)
account for less than 6%. Black alder typically forms a belt right behind the treeless 
shore vegetation zones. The proportion of Scots pine (Pinus sylvestris) dominated for-
ests (32%) is lower than in southwest Finland, while the proportion of mixed forests is 
greater in Olkiluoto. However, the active forest management practiced during the last 
few decades has started to change the tree species composition, especially by increasing 
the proportion of pine by planting (Fig. 3). Nevertheless, there is a large relatively un-
treated area of mature spruce forest, the Liiklanperä area, which was first conserved as 
old growth forest (Act 1115/93) and later joined to the Natura network. The main tree 
species according to Miettinen & Haapanen (2002) is shown in Fig. 4. 

Figure 3. Planted Scots pine forest bordering a rock outcrop. Photo by Ari Ikonen. 

Several mire vegetation types are found, both forested and treeless (Miettinen & Haa-
panen 2002). Seashore swamps are also common. The peat layers are shallow 
(Tamminen et al. 2007), and the hydrological conditions of drained mires are still 
changing.

Huhta and Korpela (2006) inventoried in detail the ground-, field- and shrub-layer 
vegetation on FEH plots. The majority of conifer tree stands represents various succes-
sion stages of Myrtillus-, Vaccinium–-Myrtillus-, Deschampsia–Myrtillus-dominated 
spruce forests. Pine-dominated forests on rock surfaces represent Cladina, Calluna–
Cladina, and Empetrum–Vaccinium vitis-idaea /Vaccinium Myrtillus types, thus differ-
ing clearly from other conifer tree stands. Deciduous forests were commonly character-
ized by tall grasses, notably Calamagrostis epigejos, C. purpurea and Deschampsia 

flexuosa. The field layer of deciduous forests dominated by black alder  consisted of 
Deschampsia cespitosa, Dryopteris carthusiana, Filipendula ulmaria, Mainthemum
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bifolium, Oxalis acetosella, Melampyrum sylvaticum, Galium palustre, Rubus saxatilis,
R. idaeus and Trientalis europaea. Typical species for mires were, for example, 
Calamagrostis purpurea, Calla palustris, Equisetum sylvaticum, and above all white 
mosses (Sphagnum spp.). Altogether 184 vascular plant species were found. Spruce 
forests contained more species than other habitats, but deciduous forests had the highest 
average number of species per the 1-m2 quadrats used  in the study. 



Figure 4. Major habitat types according to Miettinen & Haapanen (2002). 
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2.1.2  Shore Vegetation 

The shore vegetation was inventoried by Miettinen & Haapanen (2002). At the shores, 
the vegetation is usually formed by several plant colonies, which occur in belts or  
patches (Fig. 5). These zones follow the littoral regions. The littoral zone is located 
between the highest and lowest water levels, and is further divided into hydrolittoral 
and geolittoral regions (Fig. 6). Above the geolittoral region is the epilittoral region. 
Under the hydrolittoral, the sublittoral region is constantly underwater. Under the sub-
littoral is the profoundal region, where there is not enough light for photosynthesis. 
Aquatic plants thrive in sublittoral-hydrolittoral regions. Shore meadows dominate the 
geolittoral region, when the site is not too stony or exposed. Above the regions of an-
nual flooding, in the epilittoral region, the meadows must give way to bushes and even-
tually trees. The smallest, low islets where the highest habitat is in hydrolittoral- lower 
geolittoral regions lack vegetation zonation (Vartiainen 1980). 

Figure 5. Vegetation gradients at the shore of Tyrniemi. Photo by Markku Saarinen.

Figure 6. Littoral regions. 
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Shore meadows appear throughout the whole coastal area of the Baltic Sea and are 
common in Olkiluoto as well. Their vegetation classification was done according to 
Toivonen & Leivo (1994). In the typically hydrolittoral reed, spike rush, and club rush 
meadows, Bolboschoenus maritimus, Schoenoplectus tabernaemontani, and especially 
Phragmites australis (common reed) colonies grow in large monocultures throughout 
the study area. Wide reed-rush swamps are also common. Low shore meadows with 
rushes, grasses and sedges are usually located in the zone between the black alder 
groves and colonies of common reed. On narrow, rocky shores, this type is missing or 
only a few individuals can be found between the rocks. Eleocharis uniglumis - Agrostis

stolonifera and Juncus gerardii - Festuca rubra - Carex glareosa colonies are the most 
common in the study area. Sedges are also common, but where they dominate, the 
shores resemble swamps. Meadowsweet (Filipendula ulmaria) colonies are the most 
common type of high meadows. Colonies of Festuca arundinacea are common, as well, 
and Phalaris arundinacea is typical on rocky shores primarily in the northern parts of 
the island. In Tyrniemi, the main species in high meadows is often Elymus repens. In 
several spots, sea buckthorn (Hippophaë rhamnoides) is growing among meadowsweet. 
Meadowsweet also grows in the black alder groves next to the shore meadows.  

2.1.3  Aquatic Macrophytes 

Aquatic macrophytes in the sea were most recently studied by diving along established 
study lines in the nearby waters of Olkiluoto in 2004 (Kinnunen & Oulasvirta 2004). 
The nuclear power plant discharge waters have caused a temperature rise in the nearby 
sea areas. Usually the study lines closest to Olkiluoto stay open during the winter. Fur-
thermore, the cooling waters mix with the water masses, and new nutrients rise con-
tinuously from the sediments. High summertime primary production has caused eutrop-
chication. Of the aquatic species, macro-algae have suffered, except annual filamentous 
green and brown algae, which can quickly use nutrients. In particular,  perennial algae 
can fasten only on clean hard bottoms, and furthermore suffer from the rise in the 
amounts of filamentous algae. The vascular species have benefited from the longer 
growing season and softening of the bottoms. In total, 24 aquatic macrophytes were 
found along the seven diving lines. Of these species, 16 were algae, seven vascular 
plants and one aquatic moss. The most common species were the algae Pilayella lit-

toralis/Ectocarpus silicosus, which were growing in all study lines, and the vascular 
plants Eurasian water milfoil (Myriophyllum spicatum) and sago pondweed (Potamoge-

ton pectinatus), which were found in six lines. These two vascular plants, typical for 
soft bottoms, dominated in coverage in the study lines closest to the nuclear power 
plant (they also tolerate the temperature load best), but, in lines further away, species 
typical for hard bottoms dominated.  
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2.2  The Assumed Terrain Development in the Study Area 

The sea bottom sediments were mapped by Rantataro (2001, 2002). Their distribution is 
presented in Table 2 and Fig. 7. There is a distinctive difference in the rock outcrop 
area between the sea (33%) and land (1%). One explanation could be the redistribution 
of fine tills on the emergence of new land. There is also an abrupt change by the north 
shore of Olkiluoto: from bedrock outcrops in the sea to till on the terrain. This could be 
due to the lack of acoustic-seismic data within the sea bottom area 300-1000 m north of 
Olkiluoto. Concerning the fine-textured till typical of forest soils, it is likely that its 
deeper parts contain relatively high concentrations of clayish material (cf. Lahdenperä 
et al. 2005), thus it would be partly comparable to the clays and mixed sediments of the 
sea bottom. The sea-bottom clays may get a top layer of fine till as a result of wave-
wash when the land is emerging. As well, the mires are usually being developed on 
clayish bottoms.  

Table 2. Sea sediment distribution around Olkiluoto calculated from an area of 10 x 18 

km
2
 (based on data by Rantataro 2001).

Sedi-

ment

type

Bedrock

outcrops

Till Ancylus 

clay 

Gyttja

clay/mud

Litorina

clay 

Mixed

sediment

Washed

sand

Sand & 

gravel

% 33 44 10 8 2 3 exists exists 

Mäkiaho (2005) modelled the positions of shoreline and the evolution of topography in 
the past and present millennia using GIS methods and digital terrain models. A series of 
historical and future topography maps are presented in Figs. 8-11.  

The first summits of Olkiluoto rose above sea level about 2800 years BP and even at 
2000 BP there were several separate small islands, while most of the present land areas 
lay still under the sea level. Most of the islands emerged from the sea at 1500 BP 
(Mäkiaho 2005). 

A thousand years ago many of the initially formed small islands were interconnected 
into one bigger island, and this island began to take its shape. The islands also lost their 
glaciogenic sediments as the waves washed the loose deposits away (Mäkiaho 2005). 
Most of these bare rock surfaces are those facing west, which has been the direction of 
most effective wave action during this washing stage (cf. Seppälä 2005).  

Five hundred years ago, the Olkiluoto area pretty much resembled that of today, but the 
shoreline lay still some hundreds of metres from the present, farthest in the west. The 
current headland of Otapää was still a separate island as well as Liiklankari, which has 
only very recently become part of Olkiluoto Island.  

Over the next 500 years, most of the small islands neighbouring Olkiluoto would be 
connected to the main island.  



Figure 7. Sea bottom types in nearby areas of Olkiluoto Island (data by Rantataro 2001).
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Figure 8. Topography at the Olkiluoto site, 2000 BP (Mäkiaho 2005). 

Figure 9. Topography at the Olkiluoto site, 1000 BP (Mäkiaho 2005). 
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Figure 10. Topography at the Olkiluoto site, 500 AP (Mäkiaho 2005). 

Figure 11. Topography at the Olkiluoto site, 1500 AP (Mäkiaho 2005). 

2.3  Current Climate and Potential Climate Changes 

Currently Olkiluoto has a continental climate, with some local marine influence due to 
its location on the eastern coast of the Bothnian Sea. In the spring, the sea has a some-
what lowering effect on the temperatures compared with those inland, and correspond-
ingly in the autumn, provides warmth, so that night frosts are less frequent. The average 
temperature is 5.8 ºC, with a growing season of 1200 d.d., annual precipitation of 555 
mm (1992-2001; Posiva 2003) and ice cover in the sea stays 95 days in Mäntyluoto 
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(north of Olkiluoto) and 115 days in Rauma (south of Olkiluoto; average 1961-90, 
http://www.fimr.fi).  

According to analyses of meteorological statistics, the carbon dioxide content of the 
atmosphere has risen during the last 100 years, as well as the global mean temperature   
(approx. 0.5 ºC during in the same period). According to climate models, the global 
warming is going to continue. In Finland, the summertime temperatures are predicted to 
rise 3 ºC and wintertime temperatures 5 ºC during the next 100 years. The frequency of 
cold winters would lower, the precipitation increase and the growing period would 
lengthen by 40-50 days in southern Finland. (Kellomäki 2002). 

It has been predicted that, due to the rise in temperature, the southern border of the co-
niferous tree limit would move northwards by 400-500 km, and consequently, in south-
ern Finland, the proportion of deciduous trees would increase. The invasion of totally 
new species is improbable. (Kellomäki 2002).  

Climate change probably also affects tree metabolism via increased carbon dioxide 
availability and higher temperature in Finland. However, it may also be that the trees 
adapt to the changed conditions. It is thus difficult to predict the future of Finnish forest 
under climate change. The distribution of temperature and precipitation within the 
growing season are important factors (Kellomäki & Peltola 2005). While the growth of 
Finland's forests is expected to rise by as much as 20-40% (Kellomäki 2002), the more 
frequent droughts may somewhat compensate for the positive effects in southern 
Finland. The changes in tree growth would thus be greater in northern Finland than in 
south (Kellomäki & Peltola 2005). The amount of light and nutrients would still limit 
the growth. 
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3  THE COLONIZATION AND SUCCESSION OF VEGETATION IN LAND 
UP-LIFT AREAS 

3.1  Background  

The land up-lift keeps the littoral position of the coastal land in constant change. Along 
the shores of the Baltic Sea, the newly emerged land is rapidly taken on by terrestrial 
vegetation, except the rockiest spots. At the same time, the environment of the existing 
vegetation changes. 

The primary factors affecting the growing potential of a site, fertility, are climate and 
soil. As well, topography and human actions matter (Tamminen & Mälkönen 2003). 
Important soil properties are, for example, grain-size distribution, depth of soil layers, 
amount of organic matter, and chemical properties (acidity, nutrients). The organic mat-
ter is produced by the plants and is of utmost importance since most of the fine-roots of 
trees grow in the humus layer (Tamminen & Mälkönen 2003). Water balance is regu-
lated by climate, topography, and grain size distribution. The secondary factors defining 
growing conditions are related to the vegetation itself, for example litterfall and micro-
climate (Lehto & Leikola 1987). 

Several typical succession lines can be separated, depending, for example, on the to-
pography, hydrological conditions and soil type. Flat areas tend to accumulate organic 
and inorganic matter at a faster rate than more steep-sloping areas, and develop towards 
more moist conditions. The emerging land can be divided into hard, soft and 
sand/gravel/till surfaces. The hard surfaces consist of rock and boulders and exist in 
places where the waves and streams wash the finer particles away. The soft bottoms 
consist of clay and organic detritus. They can only survive in sheltered places: in sea 
depressions or later in bays or between islands. Sandy and till bottoms are typically not 
washed away by the waves, but may be covered by redistributed soft materials in shel-
tered places (www.aaltojenalla.fi). The current wave-exposed rock outcrop areas of sea 
bottom near Olkiluoto Island will be rather sheltered in the future prior to emerging as 
new shoreline (cf. Figs. 7-11). 

The succession lines are described briefly in the following. Here the classification is 
based on the soil type and further on moisture conditions or degree of shelter. The de-
velopment on mixed sediment surfaces depends on the composition of the soil. After
the climax stage of each line is reached, the conditions may stay relatively stable if left 
untreated, with trees dying and new ones regenerating (uneven-aged structure). Only 
forest fires or strong storms can cause a new start. Currently, however, forest manage-
ment mostly prohibits the natural development, creating even-aged stands with regu-
lated rotations. Simplified forest management chains are listed after the succession 
lines. The Forest Act sets the limits for certain forest management practices, like the 
minimum size for a regeneration cut and the maximum amounts to be thinned. More 
detailed guidelines are given, for example, by Forestry Development Centre Tapio, 
where the requirements are taken into account. The law and related guidelines are fine-
tuned at times, most recently in 2006. The limits were slightly loosened in order to give 
more room for forest owner's aims and decisions (Tapio 2006). 
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3.2  Rocky Surfaces  

3.2.1  Succession Phases 

Macroscopic algae dominates the rocky surfaces up to the geolittoral region (Mäkinen 
et al. 2005). After the land has emerged up to geolittoral-epilittoral region, the constitu-
tion of the rock, weathering, geomorphology, location in relation to the sea, light and 
moisture conditions affect vegetation composition (Kontula et al. 2005). Most of the 
rock itself is typically covered by lichens and mosses. Some soil and detritus may ac-
cumulate between the rocks. When still located within or close to the sea, the bird 
droppings may fertilize these patches and even demanding herbs will colonize the 
coastal rocks (Ryhänen 2003). Moreover shrubs, such as sea buckthorn (Hippophaë

rhamnoides; an early pioneer species) may temporarily grow in these patches (Enkola 
1940).

Leaf lichens are typical for the early successional phase, followed by moss or moss-
reindeer lichen covered rocks. They are typical for the coastal areas, but can be found in 
inland on washed glaciated rocks. In the reindeer lichen phase, the vascular plants, es-
pecially dwarf shrubs become common (Kontula et al. 2005).  

Only a few stunted tree individuals are usually scattered on the rock outcrop, depending 
on the amount of loose soil (Kontula et al. 2005). Scots pine is the climax tree species, 
since it requires light, but can tolerate oligotrophic growing conditions. A rock outcrop 
in natural stage is uneven-aged.

The rockiest locations are usually left untouched, both due to high logging costs versus 
the low yield of lumber and high conservation value (management is restricted by the 
Forest Act; Häggman 2000). The rock outcrop may affect the vegetation, even if it is 
covered by soil when the soil is shallow. In soil layers thinner than 30 cm, there is not 
enough room for tree roots to grow normally, which affects tree growth. Great variation 
in the vegetation cover is also typical for areas where the rock is either thinly covered 
or bare: from relatively luxuriant gaps to almost vegetation-free surfaces (Lehto & 
Leikola 1987). 
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Figure 12. Rock vegetation in Liiklankallio. Photo by Ari Ikonen. 

3.2.2  Situation in Olkiluoto 

Bedrock outcrops are typical in the sea areas around Olkiluoto. In the emerged land 
areas, the proportion of rocks is much smaller (see Section 2.2), although the forests 
contain a large amount of small rocks. The non-forested  rocks on the current Olkiluoto 
Island area are either nutrient-poor or mesotrophic reindeer lichen-dwarf shrub rocks 
(Fig. 12). As well, nutrient-poor grass rocks exist. The largest rock forests in the study 
area are Selkänummenharju and Liiklankallio. Peat-covered rock areas are also com-
mon (Miettinen & Haapanen 2002).  

3.3  Boulder or Stone Surfaces 

3.3.1  Succession Phases 

The vegetation in sublittoral-hydrolittoral regions resembles that of rocky surfaces, with 
macroscopic algae. These shores may be almost free of vascular vegetation in the hy-
drolittoral region (Mäkinen et al. 2005). In particular, small stones may be in constant 
movement due to the waves. However, the gaps between the boulders may support 
vegetation typical of sand or gravel surfaces. More sheltered shores accumulate matter 
(e.g., carpets of algae) carried by the sea or produced by the existing vegetation. Soil is 
thus gradually being accumulated between the stones and boulders. Further develop-
ment on boulder and stony surfaces depends on the proportion of coarse and fine ele-
ments.   

In the habitat classification by Toivonen & Leivo (1994), this kind of shores with < 30-
40% vegetation cover are treated as open boulder/stone surfaces and more vegetated 
ones as meadows. In the geolittoral phase, the largest stones and boulders are covered 
by drought-resistant species (lichens, some mosses).  

In the epilittoral region, dwarf shrubs are also typical in shallow soils on the stones. As 
mentioned in the context of rock vegetation, the topmost 30 cm surface soil is the most 
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crucial for the trees, which may, however, use the finer material between the stones and 
boulders (Fig. 13, left). The succession in large boulder areas is extremely slow (Fig. 
13, right). 

Even in forested areas, excess stoniness lowers the growth of trees. With stoniness of 
30-60% on mineral soils, the yield is approx. 25% lower than on standard types. With a 
stoniness of over 60% (Fig. 14), the yield is only 50% of the regular yield. The top 
height (height of 100 thickest trees/ha) is also lower. These effects are greater on poorer 
site types, especially in pine and birch stands (Lehto & Leikola 1987).

Figure 13. Left: an ancient stone shore in Olkiluoto (Photo by Ari Ikonen). Right: a 

wide and deep ancient stone shore in Lauhanvuori, Isojoki, 100 km north of Olkiluoto 

(Photo by Reija Haapanen). 

Figure 14. Stoniness greatly lowers the growth of trees in a mesic pine forest in the  

seashore of Kristiinankaupunki, 115 km north of Olkiluoto. Photo by Reija Haapanen. 
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The forest management follows the guidelines presented in 3.4.1 and further sections, 
depending on the dominating site type and tree species. However, stone and boulder 
fields are protected by the Forest Act so that the natural appearance must be maintained 
(Häggman 2000).

3.3.2  Situation in Olkiluoto 

Boulder or stone surfaces are rare in Olkiluoto at present, and they have not been sepa-
rated in the sea bottom sediment study, thus the occurrence around Olkiluoto is not 
known.

3.4  Till Surfaces  

3.4.1  Succession Phases 

Four distinct successional stages can be distinguished in the primary succession on 
mesic ground-till shores along the Gulf of Bothnia (Svensson & Jeglum 2000, 2001):  

1. Open, early stage dominated by graminoids and low-growing shrubs 
2. Primary forested stage dominated by broadleaves 
3. Secondary forested stage, dominated by Norway spruce 
4. Climax-like Norway spruce stage (Fig. 15) 

Figure 15. An old-growth Norway spruce forest in Liiklanperä. Photo by Ari Ikonen. 

First, in the sublittoral region the surface is covered by algae. Some still thrive in 
hydrolittoral region, but are replaced by meadow-forming vascular plants in the 
geolittoral region.

In Stage 1, the species diversity of the meadows depends on the amount of finer sedi-
ments among the coarser stones and is often poor (Mäkinen et al. 2005). Of the shore 
shrubs, sea buckthorn forms thickets in the upper hydrolittoral and lower geolittoral 
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regions, but it is weak in competition (light), thus it is overshadowed by black alder 
thickets as soon as they appear.

In Stage 2, when the land lifts more, the alders become treelike, but can typically only 
dominate narrow belts close to the shoreline, since they require good moisture condi-
tions. The soil is also often rich in nutrients, thus the habitat is a grove or herb-rich for-
est with lush vegetation.

Later, in Stage 3, the ground water table lowers, making the growing conditions 
harsher. The groves or herb-rich forests are replaced by mesic upland forests, with 
Norway spruce being the dominant species (Rinkineva 1999). Norway spruce tends to 
colonize gradually, in years when good seed crop and good establishment conditions 
intersect. The initial establishment is early, in the vicinity of the highest water level 
(Svensson & Jeglum 2000). In a Swedish location, the first seedlings were found after 
40 years of succession, followed by juniper (50 years) and rowan (60 years). However, 
spruce requires a longer time to form a dominant population than the deciduous species. 
Hence, the initial colonization order differs from the final: alder-rowan-juniper-spruce. 
Other and more occasional species are pine, birch and willow. In the studied location, 
spruce became dominant after 160 years of succession (Svensson & Jeglum 2003).  

The succession usually terminates in Norway spruce communities. Stage 4, climax-like 
Norway spruce forest, can develop within two to three centuries of succession (Svens-
son & Jeglum 2000). If the till covering the bedrock is thin, pine may dominate in the 
end. On fine till surfaces, groves or grove-like forests will develop (see Section 3.6.1). 

The forest site types on these soils are either fresh mineral soil forests (MT in Finnish 
site type classification), or on the more fertile tills (the fine particle fraction is greater) 
grove-like mineral soil forests (OMT). On the shallow tills, dryish mineral soil forests 
(VT) or poorer with pine stands are found. 

The main silvicultural actions, according to current forest management recom-
mendations, are presented in Table 3. There are other options, like natural regeneration 
with birch seed trees, shelter tree fellings etc., but, from the point of view of the succes-
sion, the tree species is more important than the regeneration method. 

Table 3. Typical forest management chains on till soils in southern Finland (>1200 

d.d.; Tapio 2006). 

Main tree 

species

Site

type(1

No of thin-

nings

Age (years)/DBH(2 (cm) 

limits for regeneration cut

Regenerated with 

Spruce OMT 2 70-90/28-32 Spruce/birch* 

Spruce MT 2 70-90/26-30 Spruce/pine/birch* 

Pine MT 2-3 70-90/26-32 Spruce/pine/birch* 

Pine VT 2-3 80-100/25-20 Pine* 

Birch OMT 2 60-70/28-32 Spruce/birch* 

Birch MT 2 60-70/27-30 Spruce/pine/birch* 
1) OMT = Grove-like mineral soil, MT=Fresh mineral soil, VT=Dryish mineral soil 
2) DBH = basal area weighted median diameter at breast height 
* denotes possibility for natural regeneration of the species it is attached to 
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3.4.2  Situation in Olkiluoto 

Till surfaces are common in the sea area around Olkiluoto. In Olkiluoto Island the black 
alder belt is very thin and the spruce dominates right behind it, thus the figures given by 
Svensson & Jeglum (2000) may be considered maximum times for spruce to become a) 
dominant and b) climax-like. Mäkinen et al. (2005) state that spruce can be dominant 
right after a thin deciduous tree belt especially in the mainland coast. Rowan and juni-
per are less common in Olkiluoto than in the Southwest Finland Forestry Centre in av-
erage (Saramäki & Korhonen 2005). 

3.5  Sand or Gravel Surfaces 

3.5.1  Succession Phases 

In the sublittoral-hydrolittoral region, vascular plants like Potamogeton spp., Myrio-
phyllum spp. and Zostera marina live on the sandy bottoms, accompanied with stone-
worts (algae of Characeae family; Mäkinen et al 2005). After emerging from the sea, 
the sand easily drifts along the beach with wind and piles up by obstacles. Sand is poor 
parent material, but there is still interaction between the vegetation (which takes up 
nutrients) and the soil (which gets plant debris). Fewer successional stages may be 
found than in other soil types, because the lower limit of the vegetation is located 
higher up in the littoral region, between the upper geolittoral and epilittoral or in the 
epilittoral region (Vartiainen 1980). In gravel surfaces, fewer species are found in sub-
littoral and hydrolittoral, but the geolittoral region may support scattered meadows 
(Mäkinen et al. 2005, Vartiainen 1980) depending on the degree of shelter. The sea 
buckthorn can also colonize the sandy and gravelly surfaces in the pioneer stage 
(Enkola 1940).

Pine will eventually colonize these less fertile, dry parent materials (Fig. 16).  

Coastal dunes may be formed of sufficient amount of sand in windy conditions. They
have a morphological development of their own (see, for example, Hellemaa 1998), but 
the vegetation partly resembles that of sandy surfaces without dunes (Mäkinen et al. 
2005). The active dune fields in Finland are located between the reach of waves and 
forest edge. The ecological succession of the  coastal dune fields usually starts with a 
Honkenya peploides community in the upper part of the geolittoral zone. This is fol-
lowed by Leymus arenarius covered foredunes. Hieracium umbellatum, Rumex ace-
tosella, Festuca spp., mosses and lichens invade the intermediate dunes. On the more 
stabilized surfaces Festuca spp. are replaced by Deschampsia flexuosa. As the pe-
dological processes proceed, the dune meadows change into Empetrum nigrum her-
maphroditum heaths. Reindeer lichens are often abundant in the forest edge ecotone. 
Finally, a pine forest with Empetrum, Vaccinium vitis-idaea and Calluna vulgaris in the 
field layer is developed (dryish: VT = Vaccinium or dry: CT = Calluna type forests).
Further away from the beach the forest becomes drier and the proportion of reindeer 
lichens increases again. Depending of the slope and aspect of the dune, more fertile 
conditions can also develop: a steep old dune with finer grain size in leeward side may 
have beneficial moisture conditions and support herb-rich or mesic vegetation (Helle-
maa 1998). 
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Figure 16. A dryish pine forest growing on sand. Photo by Reija Haapanen. 

In the extensively studied island Hailuoto, which is located approx. 460 km north of 
Olkiluoto in middle boreal vegetation zone, Scots pine becomes dominant in sandy sur-
faces that emerged approx. 300 years ago (Aikio et al. 2000). The forest management 
practices are presented in Table 4. The management of sparsely forested sandy sites in 
natural state is restricted by Forest Act (Häggman 2000).  

Table 4. Typical forest management chains on sand and gravel soils in southern 

Finland (>1200 d.d.; Tapio 2006).

Main tree 

species

Site type(1 No of thin-

nings

Age (years)/DBH(2 (cm) 

limits for regeneration cut

Regenerated with 

Pine VT 2-3 80-100/25-20 Pine* 

Pine CT 2 90-120/22-26 Pine* 
1) VT=Dryish mineral soil, CT=Dry mineral soil 
2) DBH = basal area weighted median diameter at breast height 
* denotes possibility for natural regeneration of the species it is attached to

3.5.2  Situation in Olkiluoto 

Sand and gravel bottoms are rare in the sea areas around Olkiluoto. The only known 
location in nearby areas of Olkiluoto is presented in Fig. 17.
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Figure 17. A bottom with accumulated sand north of Olkiluoto Island (data by Ranta-

taro 2001). 

3.6  Clay, Silt, Fine Sand/Till or Mud/Gyttja Surfaces   

3.6.1  Succession Phases 

Sheltered or very shallow shores accumulate fine sediments and litter carried by the 
waves, and are typically covered by these materials regardless of the original surface 
material. Sheltered shores are found typically in bays. In more exposed shores, the wa-
ter movements wash the lighter fractions away.  Development may proceed as a mire 
succession series, or go through a meadow-phase into a grove (Fig. 18) or grove-like 
mineral soil forest.  
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Figure 18. A seashore grove. Photo by Ari Ikonen. 

In the hydrolittoral and geolittoral regions macroalgae are not found, but vascular plants 
are typical for the bottom (Mäkinen et al. 2005). In bays, common reed colonizes the 
shores, overgrows bay openings and filters/accumulates sediments, but cannot manage 
in the increasingly loose gyttja bottoms deeper in the bay (Fig. 19).  

Figure 19. A sea bay being overgrown by reed (on shores) and rush (in the middle) in 

Kristiinankaupunki, 115 km north of Olkiluoto. Photo by Reija Haapanen. 

The characteristic vegetation at the bottom of the bay changes as the land up-lift and 
sediment/organic matter accumulation make the bay shallower (Munsterhjelm 1997, 
2005). Parallel to and interacting with the botanical succession the bays have a morpho-
logical succession series: they start with an opening or openings to the sea, which are 
slowly cut off and the development into a lake or a mire starts. These developing shal-
low, clearly delimited, minor water bodies are called flads when they are connected to 
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the sea by one or few narrow openings. Later, when contacts with the sea are only occa-
sional, a glo has been born. The transitional phase between open water and flad is a 
juvenile flad and the one between flad and glo is a glo flad (Munsterhjelm 1997). Mun-
sterhjelm (1997) presented vegetation distribution figures of flads with a maximum 
diameter of approx. 800 m, and Appelgren & Mattila (2005) studied the vegetation 
communities of flads of the size of 0.03-0.20 km2 (corresponding to a circle with 
diameter of about 100-250 m). The development from a juvenile flad to a glo may in 
some cases be completed within 100-200 years (Munsterhjelm 1987). In the first 100 
years, the newborn flad is turned into a glo-flad and in another 100 years the glo-flad 
has been turned into a glo. Faster development is also possible (Munsterhjelm 1997). 
The development of archipelago flads somewhat differs from the outer skerry flads and 
beach flads. Characteristics of the bay development stages are presented in Table 5. 

A shallow flad may be directly overgrown or paludified, without the glo-stage. In shal-
low places, the net vertical growth may exceed the land up-lift rate, as the fine material 
carried by the water accumulates to the bottom. The vegetation may speed the process 
by decreasing water flow (reeds at the opening) and increasing the accumulation of 
organic sediment.  



Table 5. Characteristics of the bay development stages (Munsterhjelm 1997, 2005). Outer skerry = outer parts of the outer archipelago. 

Max duration based on own estimate using 6 mm/year land up-lift and mean depths (marked with *), no sediment accumulation. 

Bay development 

stage

Openings

(depth of open-

ings, m) 

Typical bottom 

material

Character of shore Mean/max 

depth, m 

Typical bottom species Typical & (max) 

duration, years 

Outer skerry flads 

and glo flads

1-2 (0.1-0.5) Rock, stones, 

gravel, sand 

Non-vegetated, rocks, 

stones

0.5/ Vegetation poor or e.g. Zannichel-

lia, Potamogeton spp. 

(20*)

Outer skerry glos 0 Gyttja Rush stands, rocks, 

stones

0.25-0.5/ Varies (60*) 

Juvenile archipel-

ago flad 

2-4 (2-4) Clay, gyttja, 

rocks, stones, 

gravel, sand... 

Reeds in the most shel-

tered sites on soft bot-

tom, elsewhere rocks, 

stones, gravel 

3-5/>4 Chaetomorpha linum (380*)

Archipelago flad 1-some (0.5-2)  Gyttja Well developed reeds, 

gyttja

1-2.5/<3.5 Vaucheria/

Ceratophyllum-Myriophyllum spp./ 

Potamogeton pectinatus-Chara

Tomentosa/ Chara tomentosa/ 

Chara tomentosa-Najas marina

Decades - 100 - 

(170*)

Archipelago glo-

flad

As previous, 

but overgrown 

(0-0.5)

Gyttja Reeds cover all shores, 

gyttja

0.5-1/<2 Chara tomentosa-Najas marina/ 

Najas marina

(10*)

Archipelago glo Occasional Gyttja Reeds cover all shores, 

gyttja

0.4-1/<2 Najas marina/ Chara aspera/ Ve-

getation poor 

(120*)

Juvenile beach 

flads

1(1) Sand Poorly developed reeds, 

sand

0.5-1/ Chara spp., Potamogeton spp., 

Ruppia maritima, Z. repens

(25*)

Beach flads 1(0.5) Sand/gyttja Well developed reeds, 

sand/gyttja

0.5-0.7/ Chara spp. -

Beach glos 0 Gyttja/sand Well developed reeds, 

gyttja/sand

0.5-0.8/  (125)* 

32
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In the sheltered positions with soft bottoms the shore meadows are typically high and  
forestation is fast, with the common reed colonies in the hydrolittoral region changing 
directly into black alder forest (Mäkinen et al. 2005; Fig. 20). 

Figure 20. An abrupt change from common reed to black alder. Photo by Ari Ikonen. 

The forest site types developing on these fertile soils after the shore phases are lush: 
groves and grove-like mineral soil (OMT) site types in the Finnish classification. Black 
alder or other deciduous species dominate first and spruce invades gradually. A grove 
may also develop through a black alder swamp phase. Along with the raising land, 
these sites get drier, and the mire species disappear. If the moisture content is still bene-
ficial, a mesotrophic or eutrophic moist deciduous grove may develop. In either of these 
grove-development lines the conditions supporting a grove may be degraded with the 
proceeding land up-lift. Spruces also slowly change the character of the grove by in-
creasing shadow and shedding acid needle litter to the ground.

The forest management practices on these soils are presented in Table 6. The forest 
management in groves is partly restricted by Forest Act (Häggman 2000). The devel-
opment of mires is presented in  Section 3.7.1. 

Table 6. Typical forest management chains on clay, silt, fine sand/till or mud/gyttja  

soils in southern Finland (>1200 d.d.; Tapio 2006).

Main tree 

species

Site type(1 No of thin-

nings

Age (years)/DBH(2 (cm) 

limits for regeneration cut

Regenerated by 

Spruce OMT and 

better

2 70-90/28-32 Spruce/birch*/other de-

ciduous species 

Birch OMT and 

better

2 60-70/28-32 Spruce/ birch*/other  de-

ciduous species 
1) OMT = Grove-like mineral soil 
2) DBH = basal area weighted median diameter at breast height 

* denotes possibility for natural regeneration of the species it is attached to
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3.6.2  Situation in Olkiluoto  

Clay surfaces are relatively common in the sea around Olkiluoto, but not as common in 
the emerged land. There is a zone of lush black alder forest around the island, and some 
stands of black alder growing either in groves or mires. In future, the emerging areas 
will be in sheltered locations, and the survival and additional accumulation of fines is to 
be expected. 

3.7  Development of Mires 

3.7.1  Succession Phases 

At the Finnish land up-lift coast, the general discharge direction of watercourses is 
against the maximum of the up-lift, causing soil saturation at the even lowlands. In the 
Finnish climate type, the development of a mire starts when the ground water surface 
reaches the soil surface or is within a short distance of it (Korhola & Tolonen 1996). In 
the shallows, mires can thus develop directly after the land has emerged (primary mire 
formation). The mire vegetation becomes dominant and starts the accumulation of peat.  

Olkiluoto Island belongs to the concentric bog zone, where Sphagnum peat accumulates 
so that the central parts of the mire gradually loose the connection to ground water and 
the sites develop into poorer types. The vegetation in the centre lives with rain water 
only, while, at the edges, the conditions are wetter.

A mire can also develop from a bay separated from the sea, through terrestrialization 
(succession from an open water basin to a mire). A mathematical model of the lake ba-
sin filling, starting with sediment accumulation and ending with Sphagnum-covered
shallow areas, has been constructed for SKB based on data from Swedish lakes 
(Brydsten 2004). 

A typical mire succession on sea coasts starts at the meadows located above the mean 
water level. At the beginning of the mire development, the climate, topography, mois-
ture and soil nutrients define the mire vegetation: 

1A. In open, shallow shore, brackish water pools develop into depressions, 
which are then colonized by hygrophilic vegetation. As the rivers and springs 
carry fresh water and the ground water diffuses to the ground, these meadows 
change into swampy fens characterized by aquatic, shore and mire vegetation 
(Korhola 1990). Willow and black alder are typical bushes (Mäkinen et al. 
2005).

1B. In the sheltered bays, gyttja is accumulating to the bottom, from, for exam-
ple, Myriophyllum spp. and Potamogeton spp. In the shallows, the common 
reed, club rush, horsetail, bogbean, bog arum, sedges etc. create coarse limnic 
peat. Later some mosses appear among the previous species, for example, 
Sphagnum spp. (Sauramo 1940, Elveland 1976).  
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Figure 21. Shore vegetation at the end of Liiklanperä bay: mire and meadow species 

co-dominate. Photo by Ari Ikonen.

2. Further from the shore treeless fens or fens with deciduous trees (black alder, 
birch) and spruce mires develop. Here the moss cover is thicker and terrestrial 
sedges and grasses substitute the aquatic vegetation (Korhola & Tolonen 1996, 
Sauramo 1940). Figure 21 shows a location where both terrestrial and mire 
vegetation exist. 

3. When the influence of surface and ground water decreases, the accumulation 
of Sphagnum turns the development into poorer site types, first Eriophorum

vaginatum pine bogs. Minerotrophic conditions can remain only in places that 
are constantly influenced by surface waters or ground water (Korhola & 
Tolonen 1996, Mäkinen et al. 2005). In these places, minerotrophic treeless 
fens, black alder mires, etc. may survive. 

4. At an elevation of approx. 10-20 metres above sea level (after 1500-3500 
years of succession), a thicker bed of Sphagnum starts to accumulate, discon-
necting the mire surface from groundwater, resulting in raised bogs with hum-
mocks and hollows. The centres of mires are again treeless or near treeless 
(Ruuhijärvi 1980, Korhola 1990) and grow independently of the environment 
(Korhola 1992). 

The border between primary and secondary mire development in the coastal areas is 
somewhere between 500-1000 years of succession. In soils younger than 500 years, the 
depressions typically grow vertically and not much horizontally. After that, these de-
pressions have been filled with peat, and the bogs start to expand horizontally. This 
leads to the formation of large, solid peat regions, which are relatively stable (Kukko-
Oja et al. 2003, Sauramo 1940). Korhola (1992) studied a group of raised bogs in 
southern and southwestern Finland, and stated that, although the mineral soil type 
(poorly permeable clay, silt or till) is an important precondition for the outset of mire 
development, the lateral expansion in the later phases is mostly regulated by topogra-
phy. A model between the peat depth and age was also constructed (age = 1587 + 6.92 
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* peat depth in cm) with wide confidence intervals, indicating that the predictability of 
the vertical growth of a mire is poor. 

The forest management practices on mires are as diverse as the developing mire types: 
from no treatment on treeless peatlands to thinnings and regeneration cuttings on fully 
stocked mire forests with thin peat layer. The decisions are based on tree size instead of 
age or development class. The special nature (water balance, age structure) of the mires 
must be taken into account (Päivänen 1990). The forest management on mires with 
sparse tree stands, herb-rich and grassy hardwood-spruce swamps, ferny hardwood-
spruce swamps, eutrophic paludified hardwood-spruce swamps, and eutrophic fens are 
restricted by the Forest Act. The management of black alder groves is restricted by the 
Nature Conservation Act (Häggman 2000). 

3.7.2  Situation in Olkiluoto 

Mires are currently few, of several mire types, have thin peat layers, and have mostly 
been drained. However, more mires will develop from the easily paludified areas at the 
current shorelines, especially if covered by clay. The stratification of peat has been 
studied in Olkiluodonjärvi, and it was as follows: in some places, thin brown peat layers 
were found in the bottom of other peat layers. Under the peat layers, there were detritus 
and clay mud (around 0.3–1 m), sand, clay (around 1 m) and, finally, the bottom till 
layers. The total depth of studied cores varied from 40 cm to 1.5 m (Leino 2001, Ikonen 
2002). In the soil survey by Tamminen et al. (2007), Carex peats with peat components 
of Cyperaceous, Sphagnum, Phragmites australis, lignum and Equisetum dominated in 
Olkiluodonjärvi. On two alder-dominated peatland locations the dominating peat types 
were woody and Carex peats, i.e., Cyperaceous-lignum or lignum-Cyperaceous peat. 
Other typical peat types were Sphagnum (pine-dominated Liiklansuo), and Sphagnum-
lignum and lignum-Sphagnum.
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4  FACTORS AFFECTING VEGETATION SUCCESSION ON THE LAND 
UP-LIFT COAST 

In Chapter 3, typical succession lines in each soil type were presented. In this Chapter, 
other major factors affecting the succession are looked at. 

The shoreline displacement caused by the net effect of the land up-lift/global sea level 
rise is the factor starting the vegetation succession series in the coastal areas of Gulf of 
Bothnia. This primary land up-lift is further accelerated by secondary up-lift: transport 
of materials by seawater, ice or rivers and the influence of organisms (sediment filter-
ing/accumulating by reed, detritus production, peat formation). The fact that the emerg-
ing sites are on a seashore inherently means that the hydrolittoral/geolittoral species are 
able to tolerate salt and benefit of marine climate: growing season temperatures are 
lower than in the continent but more even. The climatic conditions also affect, for ex-
ample, the mire development. 

Position within the archipelago defines the character of the succession until the site has 
moved far enough from the coast (either mainland coast or coast of a large island). The 
archipelago can be divided into four zones: mainland, inner archipelago, outer archipel-
ago and sea zone. The mainland zone consists of large, forested islands, which have 
been merged to the mainland, or there are only narrow straits between the islands. The 
shores are sheltered, reed covered. In the inner archipelago zone the area of land ex-
ceeds that of water. Islands are forested, and the forests may extend to the shores. Fine 
sediments accumulate around the islands. Sheltered bays are surrounded by reed. Flads 
and glos are typical to this zone. In the outer archipelago zone the islands are generally 
smaller and lower, the growing conditions worse, trees shorter or missing and the spe-
cies composition somewhat differs from the inner archipelago (deciduous species 
dominate longer). The smallest islands may be treeless. The shores are rocky or boul-
der/stone covered. The coverage of land is smaller or equal compared to the coverage 
of water. In the sea zone, there are only treeless, very exposed islets. The temperature, 
salinity, oxygen and nutrient contents of seawater also follow this zonation. (Enkola 
1940, Hänninen & Vuorinen 2004, Munsterhjelm 1997, Rinkineva 1999, Svensson & 
Jeglum 2003). In the first stage of succession, the open islands have only a few pioneer 
communities for each type of soil. The lowest limit varies from lower to upper geolitto-
ral region, depending on the substrate (Vartiainen 1980). 

At a certain spot, the number, width and species composition of the vegetation zones 
along the succession gradient depend on the quality (grain size distribution, mois-
ture/influence of fresh water, nutrients) and exposure (water level fluctuations, ice drift, 
wind; Fig. 22) of the shore.
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Figure 22. Ice affects the growing conditions on  the shore. Photo by Reija Haapanen. 

The water level fluctuates both within and between years. Since the measurements 
started in 1933, the water level fluctuation at Rauma mareograph has been from -77 cm 
(in 1934) to +123 cm (in 2007; http://www.fimr.fi). In these figures, the gradual change 
in mean sea level has been taken into account (figures compared with theoretical mean 
water level). In low water years, the species in the hydrolittoral region are able to colo-
nize at a rate higher than the land up-lift. The survival of established perennial popula-
tions does not depend so strongly on the water level. The higher the location on the 
geolittoral region, the less it is affected by the water level, but low water years may still 
be detrimental (drought) as well as extremely high water years (Ericson 1980). The
slope affects the width of the vegetation zones and the species composition through 
moisture conditions, and by creating an advantage for either vegetative growth (steep 
shores, fast regeneration needed) or generative growth (flat shores; Ericson 1980). The 
early successional stages on an island are determined by the plant species that happen 
to immigrate, but these first species subsequently disappear and the new plant commu-
nities depend more on the habitat than the character of the first immigrants (Vartiainen 
1980).

Competition between species is important after the harshest, sea level conditions have 
been passed. Here the species characteristics matter: annual/biennial/perennial, vegeta-
tive/generative, time of germination, root system, tolerated and required conditions etc. 
In the lower hydrolittoral region, there may be less competition from closed vegetation 
than higher on the shore, thus the downward migration rate of species is high (Ericson 
1980), but the species must tolerate disturbance (Ecke & Rydin 2000). In the upper geo-
littoral region and landwards the rate of downward migration roughly follows that of 
the land up-lift (Ericson 1980). The conditions affect the competition (not all species 
can live in the harsher conditions) and the competing species transform the growing 
conditions (e.g., litterfall, shelter from wind, shadowing by taller species, nitrogen fixa-
tion by alder and sea buckthorn). The higher we are on the shore, the longer-lived and 
drought-tolerant species are met (Rinkineva 1999). In the forest stage, different tree 
stands support different microclimates, which further affect the understorey vegetation. 
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Human management causes abrupt changes in the natural succession lines. However, as 
long as the agricultural fields, meadows and forests are managed by humans, the rota-
tion lengths and favoured plant species are quite predictable. Herbivores like elk may 
somewhat affect the forests at the seedling phases and even more via the influence on 
the silvicultural practices (no planting of tree species that are to elks' taste). 

The started vegetation succession goes on a long time after the shore phases have been 
passed, until an old-growth spruce forest stage has been reached (centuries) or a treeless 
bog has been formed (thousands of years). The growing conditions are harsher on the 
Finnish coast than inland, thus the tree growth differs from those in inlands (Karlsson 
2000, Karlsson & Walheim 1996). The impact of the up-lift can be seen in the soil of 
the site until the stratification process has been finished, and it resembles the podzol 
soil typical for boreal forests. Starr (1991) studied the soil formation processes at a land 
up-lift shore approx. 300 km north of Olkiluoto, and stated that the podzolisation was 
rapid during the first 2,500 years after which the situation stabilized. Thus, in Olkiluoto, 
most of the podzol soil layers are not yet well developed (Lahdenperä et al. 2005). 

The main factors are collected in Table 7. 



Table 7. Main factors affecting vegetation succession on a land up-lift shore and landwards. Applied scale for uncertainty and significance

(from the point of view of modelling of the landscape development and radionuclide migration): very low, low, moderate, high, very high.

Factor Duration at certain spot  Forecasting method Uncertainty Significance 

Abiotic     

Land up-lift/global sea-leve rise Thousands of years Model Moderate Very high 

Climate Thousands of years Constant/Model Low in short sight Very high 

Location in the archipelago 

isolation

degree/direction of exposure 

o ice drift 

o sea water level 

o wind

o snow

Thousands of years GIS analyses, models Low in areas with 

detailed maps 

Very high 

Sea water

depth

salinity, temperature 

degree of connection to sea 

Centuries GIS analyses Moderate Moderate 

Shore slope/topography Thousands of years GIS analyses Low in areas with 

detailed maps 

High

Soil

depth

particle size (moisture cond.) 

nutrients

Thousands of years GIS analyses Low in areas with 

detailed maps 

Very high 

Accumulation/erosion of material Thousands of years Models, GIS analyses High High 

Biotic     

Competition between species Thousands of years Models High High 

Existing species/seed sources Centuries GIS analyses, models Moderate High 

Accumulation of organic material Thousands of years Model High Very high 

Human management Thousands of years GIS analyses, models High Very high 

Herbivores Thousands of years GIS analyses Moderate Moderate 
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5 POSSIBILITIES FOR SPATIO-TEMPORAL ANALYSES 

Plenty of material exists from the Olkiluoto site, either in the form of maps and photo-
graphs or time series of environmental variables, some from the 1970s. The most rele-
vant materials from the point of view of the vegetation succession, acquired so far by 
Posiva Oy,  are presented in Table 8. 

Table 8. Materials of major importance. FET = Forest extensive monitoring plots 

(560), FEH = Forest extensive high level monitoring plots (94), FIP = Forest intensive 

monitoring plots (3). 

 General maps/data Posiva's or TVO's maps/data 

Sea topography, sediments Nautical maps Sea sediment map 

Sea vegetation  Macrophyte diving line studies

Phytoplankton sampling 

Sea water level, salinity, nutri-

ents

Water level statis-

tics 

Sea water sampling 

Landscape, land topography, 

elevation, soil properties 

Base maps Aerial photographs 

Test pits, geophysical surveys, 

core samples, borehole drillings 

and groundwater tubes 

FEH soil studies 

FIP soil studies 

Vegetation National Forest 

Inventory GIS 

layers

CORINE Land 

Cover 2000 

Vegetation polygons

Forest variables by polygons

Forest variables by FET plots

FEH vegetation studies

FIP vegetation studies 

There remain uncertainties due to coarse or lacking data in some areas, like the sea 
depth contours further away from Olkiluoto, and the discrepancy between the rock out-
crops of the sea and till surfaces of the terrain at the northern shore. The terrestrial 
vegetation data collected so far is detailed enough. After collecting more general data 
by vegetation polygons, a grid of 560 plots, called FET, was established in autumn 
2003. The main purpose of this grid is to describe biomass, to monitor changes in it and 
the damage manifesting itself in tree stands. Part of the FET plots (originally 94) have 
further been selected as Forest Extensive High-level monitoring plots (FEH). These 
carry habitat specific species lists. Most probably the relevant forest classes in the bio-
sphere modelling are conifers, deciduous trees and mixed forest. Currently the detailed 
data only covers the main island of Olkiluoto, but forest variable GIS layers from the 
National Forest Inventory were acquired in 2006, covering a larger area, and there are 
plans to perform a satellite image-based vegetation classification as well. Furthermore, 
a license for the CORINE Land Cover 2000 GIS layer has been obtained. 

To provide a basis for constructing site-specific radionuclide transport models and to 
assign proper parameter values for them, a methodology has been developed for terrain 
and ecosystems development simulations (Rautio et al. 2005, Ikonen 2006).  During the 
next 2,000 years, several kilometres of sea bottom will emerge around the current shore 
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line. The future topography and soil types were estimated based on current sea bottom 
topography and sediments and assuming a land up-lift rate curve. The anthropogenic 
sea level changes were omitted. It was assumed that high rocky places will be domi-
nated by pine forests, till surfaces will be covered by spruce or deciduous forests, river 
banks by deciduous forests and areas surrounding lakes by mires unless topographical 
depression leads to a lake or a wetland. The differentiation between the main vegetation 
types has obvious implications to the modelling. For example, there is clear difference 
between deciduous and coniferous forests in the intensity of the nutrient, and thus also 
trace element, cycling, and this needs to be taken into account at least on the level of 
the parameter values. It was seen that the forecast could be easily refined with more 
information, and partial automation in GIS is also possible. Consequently, a GIS tool-
box, UNTAMO, is currently being developed (Ikonen 2006). 

Abovementioned FET and FEH grids provide datasets that can easily be linked to the 
topography, elevation and distance from the sea in GIS. For instance the relationship 
between main tree species and soil age can be analyzed in order to make conclusions of 
the time needed for spruce to become dominant. The vegetation polygons can be used 
as well, although the link between habitat and location is coarser (there is variation 
within a polygon). Further possibilites for GIS analyses are delineation of the littoral 
regions, and classification of the position within the archipelago, based on variables 
like sea depth, terrain height, and water level amplitude in the former case and propor-
tion of land/sea in the latter. 

The current vegetation at different locations of the archipelago and changes in the rela-
tive location and vegetation can be studied based on existing and future satellite im-
ages. The moderate resolution images are not suitable for analyses with high temporal 
resolution, since errors in positioning and mixed pixels cause variation, which does not 
depend on the habitat. Aerial photographs covering Olkiluoto Island are now being or-
dered at regular intervals, which make it possible to follow the displacement of the 
vegetation zones and calibrate models found in existing literature. Older archive data 
could also be purchased. 

Even with accurate and complete datasets, two major problems would remain:  
1. The not-so-straightforward chain from the sea-bottom sediment to the emerging 

soil type and to the final soil properties. 
2. The fuzzy link between the soil and vegetation. Small differences in the grain 

size distribution, topography and other factors affect the developing vegetation. 

Due to the interdisciplinary nature of this problem, a large number of classifications 
hamper the usability of available study results. For instance, the classification of sedi-
ments, shore types and vegetation types may differ from study to study, because of dif-
fering aims and science branch specific conventions.  
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6  CONCLUDING REMARKS 

Many of the factors affecting the future vegetation can be handled in GIS, but also 
many uncertainties remain. For instance, the fact that the succession differs  depending 
on the relative location needs further attention. Examples of this kind of separate suc-
cession lines are the flad/glo development and the tree species invasion rate/order in 
outer parts of the archipelago vs. inner parts. These could be included in the vegetation 
analyses at the Olkiluoto site by studying the mapped material/satellite imagery and 
making observations in the field (placing some field plots or transects at different types 
of islands, monitoring the vegetational changes and succession rate of some of the flads 
and glos around Olkiluoto).

The increased amount of organic sediments and the accumulation of water transported 
material into the most sheltered places should be taken into account, since they may 
cause the net vertical growth to exceed the land up-lift rate and make unexpected 
changes in the succession lines. Furthermore, as the distribution of the surface type 
changes at the emergence from the sea, and the top 30 cm surface of the soil is the most 
defining factor of the vegetation type, attention must be paid to this interface.  

The magnitude of changes and speed of succession differs according to surface type. 
The look of a treeless rock outcrop does not change much, whereas the leap from a 
shore meadow on till surface to a mature spruce stand via intermediate deciduous stages 
is a great one. The forest management is about to make drastic changes in the spruce 
forests at times, but the rock outcrop remains unmanaged. The temporally longest suc-
cession occurs in mires, which will continue their autogeneous succession for thousands 
of years. These differences also mean that the discrepancy between the rock outcrop/till 
distribution in the sea sediment map and the forest soil map must be cleared. Adding a 
few permanent study lines running from established forest to geolittoral/hydrolittoral 
region in the water would capture valuable information. Possible location for study 
lines could be the till/rock interface at the northern shore, sheltered bays on different 
sides of the island, and a typical till/till interface. Optionally, the current Forest Exten-
sive High level monitoring plots could be expanded to the geolittoral region.   

There has been an expansion of reed colonies in the recent years (Fig. 23). This is due 
to the general human-induced eutrophication of the Baltic sea, decreased grazing and 
ceased mowing of the shore meadows. The effects from the viewpoint of the vegetation 
succession are increased soft bottom areas and less diverse species composition. The 
reed colonies produce and filter detritus, change the water flow properties close to the 
shores and suppress other vegetation (Munsterhjelm 2005, Väre et al. 2004). The eutro-
phication has also caused the decline of bladder wrack and common eelgrass (Zostera

marina), while carpets of filamentous algae have increased (Hänninen & Leppäkoski 
2004). The existing power plants OL1 and OL2 are expected to produce energy until 
2040 and the new OL3 until 2070, thus the locally increased eutrophication caused by 
the warming effect of the cooling water discharge will continue for decades. 



44

Figure 23. A bay being overgrown by common reed between Melaluoto and Ilavainen 

(Photo by Ari Ikonen).  

Very fine-tuned assessments of, for example, the vegetation on different sides of a cer-
tain rock outcrop or patches of different tree species within a larger forest compartment 
are nearly impossible in present-day inventories. Estimates of such details on surfaces 
not yet emerged are thus out of question. This, however, does not endanger the model-
ling of the future flows of radionuclides, since the models operate at relatively coarse 
levels and the species-level considerations are not relevant. The aim at the moment is to 
construct colony/stand level gross models, which could be fine-tuned with more de-
tailed species-specific parameters when needed. 

Climate change will bring along changes in vegetation composition as well. The ther-
mal conditions may be more favourable, but the amount of light and nutrients will still 
limit the growth. There are great uncertainties in the analyses, and the local conditions 
may vary from the general lines. Should the sea level rise due to climate change, some 
locations that are now out of reach of seawater may become exposed again, and the 
succession will go backward or cease. 
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7  SUMMARY 

This report concerns the land up-lift driven vegetation succession on the Olkiluoto site. 
First, the current vegetation and soil types on the main island and nearby waters are 
described. Spruce-dominated mesic forest is the most typical habitat. The soils in the 
area are mainly fine-textured or sandy till. Mires are few. The sea bottom sediments in 
the surrounding waters are mainly till, bedrock outcrops, and clay.  

The most typical vegetation succession lines in the area are summarized. The common-
est line is from emerging till sediments via shore meadows, shrubs and deciduous tree 
phases to spruce forests. On poorer soils, the succession ends into a pine forest. Fine 
sediment surfaces, which can only be found in shallow shores or sheltered locations like 
bays, develop into mires or groves. The mires continue their development into poorer 
conditions in the climate prevailing in southwestern Finland. The groves may also 
change into less fertile habitats when the ground water table lowers. Rock outcrops can 
support some trees and bushes, but typically large areas are covered by lichens and 
mosses.  

The literature was studied to add details and time-scales into the succession lines, from 
submerged shores to final, forested phases. The main factors affecting the vegetation 
succession after the land has emerged are the climate, relative location in the archipel-
ago, the exposure of the site, soil properties, topography, species composition and com-
petition, and human management. 

The ongoing environmental studies and Posiva's overburden analyses have already pro-
duced plenty of useful material from the point of view of vegetation succession fore-
casts. With the collected data, information found in the literature can be calibrated to 
local conditions. Maps of vegetation, sea bottom sediments and forest soils allow GIS 
analyses to be performed. An approach has already been made, based on these materi-
als, to assign habitat types to future soils around Olkiluoto Island. This approach can 
easily be fine-tuned when more data is available. Some data are, however, coarse or 
lacking. Problematic are also the fuzzy links between the sea bottom sediment,  the 
emerging soil type, the final soil type and the vegetation.  
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APPENDIX A: PLANTS OCCURRING IN THE TEXT 

In this appendix the plant species occurring in the text are presented. 

Table A-1. Plants occurring in the text. 

Scientific name Finnish name English name 
Agrostis stolonifera Rönsyrölli Creeping bent 
Alnus glutinosa Tervaleppä Black alder/common alder 
Athyrium filix-femina Hiirenporras Lady fern 
Betula pendula Rauduskoivu Silver birch 
Betula pubescens Hieskoivu Downy birch 
Bolboschoenus maritimus Merikaisla Sea club-rush 
Calla palustris Vehka Bog arum 
Calamagrostis epigejos Hietakastikka Wood small-reed 
Calamagrostis purpurea Korpikastikka - 
Calluna vulgaris Kanerva Heather 
Carex glareosa Somersara Lesser saltmarsh sedge 
Carex spp. Sarat Sedges 
Cladina spp. Poronjäkälät Reindeer lichens 
Ceratophyllum demersum Karvalehti Rigid hornwort 
Chaetomorpha linum - Light brittlegrass 
Characeae Näkinpartaislevät Stoneworts 
Chara aspera Mukulanäkinparta Rough stonewort 
Chara tomentosa Punanäkinparta Coral stonewort 
Deschampsia cespitosa Nurmilauha Tufted hair-grass 
Deschampsia flexuosa Metsälauha Wavy hair-grass 
Dryopteris carthusiana Metsäalvejuuri Narrow buckler-fern 
Eleocharis uniglumis Meriluikka Slender spike-rush 
Elymus repens Juolavehnä Common couch 
Empetrum nigrum Variksenmarja Crowberry 
Empetrum nigrum hermaphrodi-

tum

Pohjanvariksenmarja - 

Equisetum sylvaticum Metsäkorte Wood-horsetail 
Festuca arundinacea Ruokonata Tall fescue 
Festuca rubra Punanata Red fescue 
Festuca spp. Nadat Fescue grass 
Fucus vesiculosus Rakkolevä Bladder wrack 
Filipendula ulmaria Mesiangervo Meadowsweet 
Galium palustre Rantamatara Common marsh bedstraw 
Hieracium umbellatum Sarjakeltano Hawkweed 
Hippophaë rhamnoides Tyrni Sea buckthorn 
Honkenya peploides Suola-arho Sea sandwort 
Juncus gerardii Suolavihvilä Salt-marsh rush 
Juniperus communis Kataja Juniper 
Leymus arenarius Rantavehnä Lyme-grass 
Mainthemum bifolium Oravanmarja May lily 
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Table A-1 cont'd. Plants occurring in the text. 

Scientific name Finnish name English name 
Melampyrum sylvaticum Metsämaitikka Small cow-wheat 
Menyanthes trifoliata Raate Bogbean 
Myriophyllum spp. Ärviät Water-milfoils 
Myriophyllum spicatum Tähkä-ärviä Eurasian water-milfoil 
Najas marina Merinäkinruoho Holly-leaved naiad 
Oxalis acetosella Käenkaali Wood-sorrel 
Phalaris arundinacea Ruokohelpi Reed canary-grass 
Phragmites australis Järviruoko Common reed 
Picea abies Kuusi Norway spruce 
Pilayella littoralis/Ectocarpus 

silicosus

Rihmatupsu/- -/- 

Pinus sylvestris Mänty Scots pine 
Potamogeton spp. Vidat Ponweeds 
Potamogeton pectinatus Hapsivita Fennel pondweed 
Potamogeton perfoliatus Ahvenvita Perfoliate pondweed 
Rubus idaeus Vadelma Raspberry 
Rubus saxatilis Lillukka Stone bramble 
Rumex acetosella Ahosuolaheinä Sheep's sorrel 
Ruppia maritima Merihapsikka Beaked tasselweed 
Schoenoplectus lacustris Järvikaisla Common club-rush 
Schoenoplectus tabernaemontani Sinikaisla Glaucous bulrush 
Sorbus aucuparia Pihlaja Rowan 
Sphagnum spp. Rahkasammalet Bog-mosses 
Trientalis europaea Metsätähti Chickweed Wintergreen 
Vaccinium myrtillus Mustikka Bilberry 
Vaccinium vitis-idaea Puolukka Cowberry 
Vaucheria spp. Letkulevät - 
Zannichellia spp. Haurat Horned pondweeds 
Zostera marina Meriajokas Common eelgrass 
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APPENDIX B: LOCATION OF PHOTOGRAPHS 

In this appendix the locations of photographs on the main island of Olkiluoto are 
shown.




