Working

Report

2010-67

Potential Reference Mires and Lakes
Ecosystems for Biosphere Assessment of
Olkiluoto Site
Reija

Haapanen

Lasse Aro
Teija
Sari

Kirkkala
Koivunen

Anne-Maj
Anna

Lahdenperä

Paloheimo

October 2010

POSIVA

OY

Olkiluoto
FI-27160 EURAJOKI, FINLAND
Tel

+358-2-8372 31

Fax +358-2-8372 3709

Working

Report

2010-67

Potential Reference Mires and Lakes
Ecosystems for Biosphere Assessment of
Olkiluoto Site
Reija

Haapanen

Haapanen Forest Consulting
Lasse Aro
Finnish Forest Research Institute
Teija Kirkkala,

Anna Paloheimo

Pyhäjärvi
Sari

Institute

Koivunen

Lounais-Suomen vesi- ja ympäristötutkimus Oy
Anne-Maj

Lahdenperä

Pöyry Finland Oy

October

2010

Base maps: ©National Land Survey, permission 41/MML/10

Working Reports contain information on work in progress
or pending completion.

The conclusions and viewpoints presented in the report
are those of author(s) and do not necessarily
coincide with those of Posiva.

ABSTRACT
New lakes and mires will develop in the sea area now surrounding Olkiluoto Island due
to the postglacial land uplift. The properties of these objects can be forecast using data
from existing lakes and mires. There are, however, no such objects on the present
Olkiluoto Island. This Working Report presents a project, initiated in 2007, where lakes
and mires at different successional stages, suitable as reference objects for the future
ones, were searched. The task included delineation of the study area, based on e.g.
geological and climatological factors, and development of the selection criteria. As
background, development history and properties of present lakes and mires in the study
area are described in this report.
For this and forthcoming projects, several GIS data sets were acquired. With help of
these data, literature and environmental databases, 33 mires and 27 lakes were selected.
These were considered to be the best available analogues for the future objects around
Olkiluoto Island. The characteristics of these objects are presented briefly; more
detailed information is found in the literature and databases.
Keywords: reference area, analogue site, parameter, classification, modelling,
ecosystem, mire, lake.

Olkiluodon biosfääriarviointiin sopivia referenssijärviä ja -soita
TIIVISTELMÄ
Maankohoamisen seurauksena Olkiluotoa nykyään ympäröivälle merialueelle tulee tulevaisuudessa muodostumaan järviä ja soita. Näiden ominaisuuksia voidaan ennustaa
olemassaolevien järvien ja soiden avulla. Nykyisessä Olkiluodossa ei järviä tai soita
kuitenkaan ole. Tässä työraportissa esitellään vuonna 2007 alkanut projekti, jossa etsittiin eri kehitysvaiheissa olevia, Olkiluodon referenssikohteiksi sopivia järviä ja soita.
Tehtävään kuului tutkimusalueen rajaus mm. geologisten ja ilmastollisten muuttujien
perusteella sekä kohteiden valintakriteerien jäsentely. Näitä taustoittamaan työraportissa
esitetään alueen soiden ja järvien kehityshistoriaa sekä ominaisuuksia.
Tätä projektia ja tulevia GIS-analyysejä varten hankittiin useita keskeisiä paikkatietoaineistoja. Näiden, sekä tutkimusjulkaisujen ja ympäristötietokantojen perusteella
valittiin 33 suota ja 27 järveä, joiden voidaan ajatella parhaiten kuvaavan Olkiluotoon
tulevaisuudessa kehittyviä kohteita. Näiden kohteiden ominaisuudet on esitetty tiivistetysti; tarkempaa tietoa löytyy tutkimusjulkaisuista sekä tietokannoista.
Avainsanat: referenssialue, analogikohde, parametri, luokitus, mallinnus, ekosysteemi,
suo, järvi.
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PREFACE
This Working Report report has been written by experts from different organisations
commissioned by Posiva Oy. On behalf of Posiva, the study has been supervised by
Ari T.K. Ikonen. Reija Haapanen from Haapanen Forest Consulting edited the report.
The following experts were primarily responsible for the different chapters:
x
Introduction; Origin and development of lakes and mires by Reija Haapanen
x
Geography by Anne-Maj Lahdenperä and Teea Penttinen (Pöyry Finland Oy;
also Figs. 2-1, 2-5 and 2-6); Geology by Anne-Maj Lahdenperä
x
Ecology; Human impact; Data sources; Properties of good reference sites and
the selection process by Reija Haapanen
x
Data and texts of separate lakes by Teija Kirkkala (Pyhäjärvi Institute), Sari
Koivunen (Lounais-Suomen vesi- ja ympäristötutkimus Oy), Anna Paloheimo
(Pyhäjärvi Institute) and Anne-Maj Lahdenperä
x
Data and texts of separate mires by Anne-Maj Lahdenperä, Lasse Aro (Finnish
Forest Research Institute) and Reija Haapanen
The selection of lakes and mires presented in this report involved the expertise and
experience of the whole group and was carried out as an interactive process.
Interdisciplinary understanding was increased during meetings and field visits to
representative lakes and mires.
In addition, we thank the following experts for providing text, data or graphics:
Markku Saarinen, Finnish Forest Research Institute (scenarios for future mires in
Olkiluoto area), Pekka Hurskainen, Pöyry Finland Oy (delineating watersheds for
selected sub-set of lakes and mires, producing maps of these objects) and Antero
Keskinen, Pöyry Finland Oy (collecting and managing of relevant GIS data; producing
various thematic maps).
The project was started in spring 2007, one of the very first steps being the collecting
of relevant GIS material from a so-called Reference area (see Section 1.3), to be used
in other biosphere-related projects as well. Selection and description of reference
objects presented in this report was done by late 2007–early 2008, ready to be used in
the Olkiluoto Biosphere description report 2009 (BSD-2009; Haapanen et al. 2009).
The final editing of the report at hand was then held off for the completion of the
Biosphere description report and its supplementary reports which were more essential
in the documentation of the biosphere assessment of 2009.
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1

INTRODUCTION

1.1

Motivation

Spent nuclear fuel is planned to be disposed of in a repository located on Olkiluoto
Island, which is situated in the municipality of Eurajoki on the Finnish coast of the
Baltic Sea. To address the long term safety requirements, Posiva Oy is compiling a
Safety Case Portfolio, which was introduced in the Safety Case Plan of 2004 (Vieno &
Ikonen 2005), revised in 2008 (Posiva 2008). Comprehensive studies concerning the
characteristics of the site have been going on since 2002.
One factor to be taken into account in the safety analyses is the postglacial land uplift
(approximately 6–6.8 mm/y; Eronen et al. 1995, Kahma et al. 2001, Löfman 1999),
which affects the whole local hydrogeochemical and biological system of Olkiluoto
and its surroundings. Due to the shallow sea areas around Olkiluoto this phenomenon
is going to greatly change the landscape within the next millennia. For instance, new
lake ecosystems are going to develop (Fig. 1-1), part of them further developing into
mires. Primary mire formation, with new mires developing directly on the emerging
land, will also occur under certain conditions.
The properties of the future ecosystems surrounding Olkiluoto Island can be forecast
and radionuclide transport models applied based on the properties of present lakes and
mires. Currently, however, there are no lakes and only a few mires on the island. The
existing mires are small and young, and thus give only a weak basis for the forecasts of
future landscapes. Due to the lack of Olkiluoto-specific data, a project was initiated,
where lakes and mires of various successional stages were selected within a larger
geographical area as analogues of those expected to form at the Olkiluoto site.
Concerning rivers, present Eurajoki and Lapinjoki relatively well cover the situation in
future Olkiluoto area. Their properties are presented in the Olkiluoto Biosphere
description 2009 report (BSD-2009; Haapanen et al. 2009). Some data were acquired
of brooks and springs during this project, but they are presented in BSD-2009, as well.
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Figure 1-1. Main lake ecosystems to be developed around present Olkiluoto Island due
to land uplift. Green lines mark the watersheds of the future water bodies and the
orange ones the shoreline 6,000 years from now. Forecast lakes and rivers with their
catchment areas by Ikonen (2007);background map by Topographic database by the
National Land Survey. Map layout by Jani Helin/Posiva Oy.
1.2

This project

This project was started in spring 2007. The first task was to define the extent of the
study area. At the same time, definition of properties of future lakes and mires
developing at Olkiluoto offshore was initiated. After delineation, the area was browsed
and objects that had been studied for some purpose were identified. Then, those most
closely resembling the lakes and mires of the future Olkiluoto area were selected, to be
presented in this report.
Not only were the reference objects searched for, but their major physical, chemical
and biological parameters and surrounding environment were recorded from existing
studies, to the extent that was possible in each case. Apart from the subjects themselves
we were interested in birds, fish and other fauna living on/in them. As plenty of flora
and fauna are mentioned in this report, the scientific, English and Finnish names are
listed in Appendix 1.
The steps taken in the process are presented in Fig. 1-2.
After consideration, a smaller sub-set lakes and mires was selected. For these,
watersheds were calculated and maps showing their extent, the extent of the
watersheds, the surrounding topography, soil types and major landscape elements were
drawn. These are presented in the context of each object of this sub-set.
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Figure 1-2. Steps taken in the process.
1.3

Study area

Delineation of the study area was based on the natural history, geology, climate,
vegetation and limits set by data delivery practices and resulted in the following
borders (Fig. 1-3):
x
North: the northern border first followed the large-scale zonation of forest, mire
and lake vegetation, but it was later raised to cover parts of Pori for cooperation purposes, and finally matched with whole base map sheets. Later,
some intensively studied mires were included from Northern Satakunta (an
additional wing was added to the NE corner).
x
East: areas emerged during the last 6,500 years were first included (Eronen et
al. 1995), but the border was moved further to east to include the whole
catchment area of River Eurajoki, and finally matched with whole base map
sheets.
x
South: the border followed the lake vegetation zones, and finally matched with
whole base map sheets.
x
West: the border followed base map sheets in the sea.
As the data are often maintained by regional institutions and/or statistics presented by
certain administrational regions, the most important ones from the point of view of this
study are presented in Fig. 1-4. It must be noted that due to a reform of regional State
administration, which came into force on January 1, 2010, tasks of the Regional
Environment Centres were transferred to the Centres for Economic Development,
Transport and the Environment (ELY). Also, several of the municipalities within the
region have united since the start of this project. These changes have not been updated
in this report.
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Figure 1-3. Final Reference area delineation (orange delineation) in relation to some features: rate of land uplift from data by Eronen et
al. (1995) and elevation above sea level from data by the National Land Survey. Background map by Baltic GIS portal (gis.ekoi.lt).
Olkiluoto is marked with a red star. Map layout by Reija Haapanen/Haapanen Forest Consulting.
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Figure 1-4. Administrational regions within the Reference area based on Topographic
database by the National Land Survey. Background map by Baltic GIS portal
(gis.ekoi.lt). Olkiluoto is marked with a red cross. Map layout by Reija Haapanen/
Haapanen Forest Consulting.
1.4

Links to other studies

A co-operation program called SATAVESI has been going on between the Southwest
Finland Regional Environment Centre, Satakuntaliitto and the Employment and
Economic Development Centre of Satakunta since 2002. The aim is to improve the
state of water bodies in Satakunta (inland waters and coastal areas). From the point of
view of this project, results obtained and collected within such projects dealing with
lakes (e.g. Verttuunjärvi, Kiikoisjärvi) and rivers were of interest.
A sub-project, aimed at the monitoring of the eutrophication of coastal waters, was
going on in 2007–2008 in Southwest Finland Regional Environment Centre. The
following tasks were carried out during the project:
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x

Mapping of existing aquatic vegetation according to aerial images
Mapping the nutrient level according to water samples
x
Estimating nutrient loads with the VEPS-system (manure load and field
erosion)
x
Production of risk maps
Of this project, the results concerning flads and glos were useful for the current work.
x

A GIS modelling toolbox called UNTAMO has been developed for Posiva (Ikonen
2007, Ikonen et al. 2010a, b). It is aimed at facilitating the terrain and ecosystems
forecasts – with the toolbox the vast amount of GIS data can be handled, processing
procedures controlled and routines automated. The reference lake and mire project is
linked to the UNTAMO project in several ways:
x
With the toolbox the size, shape and location of future lakes and mires can be
predicted, which is essential when selecting the most suitable reference objects
x
By using the collected lake and mire data, UNTAMO tools can be fine-tuned
(e.g., processes, thresholds for certain phenomena)
x
Parameters collected from the reference objects can be used in the actual
prediction process.
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2

ORIGIN AND DEVELOPMENT OF LAKES AND MIRES

2.1

The origin and development of lakes

2.1.1

Origin of lakes – general

1. There are many definitions of a lake, depending on the discipline. By the following
criteria, it is possible to give a rather accurate definition of lake
(www.ymparisto.fi):
1. A depression or a group of depressions in the crust of the earth is entirely or
partially filled with water. If the depression is entirely filled with water, then
the lake has an outlet. It is an open or exorheic lake. If the water level does not
reach the threshold, the lake is closed or endorheic. An intermediate between
these two is an ephemeral lake, from which the water flows over the threshold
during times of high water level.
2. Water level is the same or almost the same in various parts of the water body,
except when temporary deviations are caused by wind or ice. This is relevant
when the water balance of the lake is considered. For other purposes, a series of
several adjacent lake basins may be defined either as one lake or several lakes.
3. The proportion of inflow to volume is so low that a major part of suspended
matter is sedimented. This distinguishes between an extension in a river or a
creek and a lake. However, it does not hold during the flood time, as the
inflow/volume proportion increases.
4. The area is larger than a certain minimum. In most lake inventories the lower
limit has been set to 1 hectare.
5. The water level does not normally follow the variations of sea water level.
Criterion 5 is needed when examining whether a sea inlet has lost its
connection with the sea and become a lake.
For a lake to be generated, a basin is needed. These may be formed by catastrophic
events, such as current or past glacial activity, tectonic movements, landslides or
meteorites. Gradual events include e.g. river and wind activity. Past glacial activity
creates ground moraine lakes, glacial scour lakes and glacial relict lakes. Tectonic
lakes may later be modified by glacial activity. (Wetzel 2001).
The geomorphology of lakes is intimately reflected in physical, chemical and
biological events within the basins and plays a major role in the control of a lake's
metabolism. The geomorphology of a lake controls the nature of its drainage, the
inputs of nutrients to the lake and the volume on influx in relation to flushing-renewal
time. These patterns in turn govern the distribution of dissolved gases, nutrients and
organisms, so that the entire metabolism of freshwater systems is influenced to varying
degrees by the geomorphology of the basin and how it has been modified throughout
its subsequent history. (Wetzel 2001).
For a lake to survive as a lake, the precipitation + inflow must equal the evaporation
and evapotranspiration + outflow + underground seepage over time. Most lakes have a
natural outflow in the form of a river or stream, but endorheic lakes lose water solely
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by evaporation or underground seepage or both. The hydrological cycle defines the
renewal time. (Wetzel 2001).
2.1.2

Lake succession on Finnish land uplift coast

Finnish bedrock is fractured by nature and it was further shaped during the last
glaciation. The lakes have mostly developed in bedrock fault lines or rift valleys (a few
even in pools created by meteorites). (Salonen et al. 2002). The geological
development of all modern lakes in Finland began after the last – Weichselian –
glaciation. The origin of the lakes is connected to the history of Baltic Sea, as well.
Above the highest shoreline of Baltic Sea, in supra-aquatic areas (mainly in Eastern
and Northern Finland) the lake basins were formed immediately after the glaciation,
but in the submerged coastal areas in Southern, Western and Central Finland the lake
basins were isolated from the various stages of the Baltic Sea as a result of isostatic
uplift and tilting of the land. This crustal process is still continuing and thus new lakes
are emerging from the coastal bays along the Finnish coast via land uplift driven
isolation. (Alhonen 1983).
These coastal bays have a morphological 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 shallow, clearly delimited, minor water bodies are called
flads when they are connected to the sea by one or few narrow openings. Later, when
contacts with the sea are only occasional, 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). These flads and glos are globally unique ecosystems. The
characteristic vegetation at the bottom of the bay changes as the land uplift and
sediment/organic matter accumulation make the bay shallower (Munsterhjelm 1997,
2005).
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).
A shallow flad may be directly overgrown or paludified, without the glo-stage. In
shallow places, the net vertical growth may exceed the land uplift rate, as the fine
material carried by the water accumulates to the bottom. The vegetation may speed the
process by decreasing water flow (reed colonies at the opening) and increasing the
accumulation of organic sediment. (Munsterhjelm 2005).
The development of lakes does not end at the isolation and, in the geological
perspective, they can be considered short-lived. The inflow and outflow channels erode
and in-flowing sediments make the pools shallower. Into many Finnish lake bottoms, a
2–4 m deep gyttja/mud layer has been accumulated after the glaciation. With
increasing aquatic vegetation the overgrowing of lakes goes on and the lakes develop
towards mires (see Section 2.2 for the origin of mires).
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The development of the lake is determined by the bedrock, soil, climate and the
vegetation cover of the surrounding areas. The trend in the development of lakes in
Finnish conditions is from eutrophic to oligotrophic. Almost all of the lakes in the
submerged areas have started as eutrophic ones after the sea has retreated. There was a
flux of nutrients from the so far unleached mineral soils to the lakes, which thus
developed eutrophic aquatic vegetation (Taipale & Saarnisto 1991). Human impact
has, however, affected this natural development (see Chapter 5).
The general acidification of the lakes is mainly caused by the low pH of the granite
bedrock (the natural acidity of the precipitation is not neutralized, because the amounts
of Ca, K, Mg and Na are low; Salonen et al. 2002). In cool and moist climate, humus
accumulates on the forest floors and low lying lands are paludified, causing inputs of
humus substances with low pH to the lakes. Furthermore the leaching of nutrients
gradually makes the soils poorer. Exceptions are thick clay areas rich with nutrients:
there the nutrient situation of lakes is generally good. (Huttunen 1980, Salonen et al.
2002). On coastal areas the acid sulphate (alum) soils are a significant cause of
acidification. They are located mainly under the 60 m a.s.l. level and have accumulated
during the oxygen-free conditions of the Ancylus Lake.
2.1.3


Characteristics of Finnish lakes

Limnological types
In limnological classification, lakes are divided into eutrophic and oligotrophic
(including brown-coloured, dystrophic) based on the production biology. Soil types
heavily affect the distribution of limnologic types: eutrophic lakes are typically found
on clayish areas in Southern and Southwestern Finland, whereas esker, sand and
moraine areas support oligotrophic lakes with clear water, and mire dominated areas
dystrophic lakes with brownish water.
One way to classify these different limnological types is to use the total phosphorus
and chlorophyll-a concentrations and primary production capacity as indicators for
europhication. Criteria applied by the Water Protection Association of Southwestern
Finland are presented in Table 2-1. Central chemical parameters of Finnish lakes are
presented in Appendix 2.
Table 2-1. Classification of lakes according to phosphorus and chlorophyll-a
concentrations and primary production.
Trophy level
Oligotrophic
Mesotrophic
Eutrophic
Hypereutrophic

Total phosphorus
(μg/l)
<12
12–34
35–80
>80

Chlorophyll-a
(μg/l)
<3
3–9.9
10–60
>60

Primary production capacity
2
g C/m d
<100
100–199
200–999
>1000
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Aquatic macrophytes
Finnish lakes have been classified into different botanical lake types which reflect the
species composition, environment and above all physiognomy: zonation, distribution
between different life forms and density and uniformity of plant colonies. A lake type
can thus be considered to correspond to a mire complex type (to be presented later).
(Toivonen 1981; Table 2-2).
Table 2-2. Dominant macrophyte species of botanical lake types (Maristo 1941).
Dominant species
Nuphar
Equisetum
Equisetum–Phragmites
Phragmites
Myriophyllym alterniflorum

Dominant species
Lobelia
Elodeid
Potamogeton filiformis–Chara
Carex
Nitella

Dominant species
Schoenoplectus lacustris
Typha–Alisma
Potamogeton
Stratiotes
Nuphar–Lemna

Algae
Gently sloping shores are dominated by macrophytes and epiphytic algae, whereas
bottom algae communities are sparse or missing. On steep shores, especially on stony
locations, bottom algae communities are well developed, as well as in infralittoral (the
dim zone outside the macrophyte zone). Phytoplankton is met in all free water.
(Ilmavirta 1981).
Species adapted to grow in different habitats and environmental conditions are called
indicator species. In addition to macrophytes, phytoplankton species composition and
biomasses can be used to indicate the trophic status of lakes (Järnefelt et al. 1963,
Heinonen 1980, Tikkanen 1986). In oligotrophic lakes, the most typical phytoplankton
groups are Cryptophyceae and Chrysophyceae, whereas Diatomophyceae,
Cyanophyceae, Chlorophyceae and Euglenophyceae are often more common in
eutrophicated waters (Seppänen 1985, Särkkä 1996, Lepistö et al. 2003). On the basis
of the phytoplankton biomasses, Finnish lakes have been classified into six different
eutrophication groups (Heinonen 1980, Tikkanen 1986, Table 2-3).
Table 2-3. Classification of Finnish lakes according to phytoplankton biomass
(Heinonen 1980, Tikkanen 1986).
Classification
Ultra-oligotrophic
Oligotrophic
Incipient eutrophy
Mesotrophic
Eutrophic
Hypereutrophic

Biomass (mg/l)
<0.20
0.21–0.50
0.51–1.00
1.01–2.50
2.51–10.00
>10.00
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Birds
If a water body is shallow, sheltered and nutrient-rich with diverse flora, it has
potential for supporting a wide variety of bird species. Naturally, the geographic
location and closeness of migration routes affect as well. In inland bird waters, the bird
density is several times (even 100-fold) higher compared with seashore bays and route
waters. Even at larger Southfinnish bird lakes the number of nesting pairs is at least
one pair per ha. The density of birds on the best bird lakes is as high as on the best
grove-type forests, and the bird biomass is several times that of groves (e.g., on
Koijärvi 0.85 kg/ha, common black-headed gull partly feeding on other habitats
excluded). No other habitat in Finland can compete with bird lakes in terms of bird
biomass production. At best, the number of species can be as high as 40. (Rassi 1981).
Fish
The number of fish species in Finnish lakes is low compared with Continental Europe
or North America. In Southern Finland, the number of species is typically 5–8 and
even large lakes rarely support more than 20 species. The surface area is the most
important factor determining the number of species, other important ones being
altitude and latitude. The fish species in Finnish lakes can be separated into five groups
according to their ecosystem ecology (Tammi et al. 2006).
1. Indicators of eutrophy, typical of the naturally eutrophic and cloudy lakes of
Southfinnish clay areas, e.g., white bream, common rudd, bream, crucian carp,
tench and blue bream.
2. Species common in several types of lakes, e.g., perch, pike, roach, ruffe and
burbot.
3. Northern salmonoids demanding cold and oxygen-rich water, making the
latitude and altitude the main factors determining their presence, e.g., grayling,
arctic char, brown trout, whitefish and, of the cyprinids, Eurasian minnow.
4. Pelagic whitefishes (Coregonus) spawning in autumn or winter and common in
relatively large, nutrient-poor lakes with clear or medium humus-rich waters,
e.g., vendace, whitefish, European smelt and brown trout.
5. Species thriving in large, medium deep to deep southern lakes with high
production levels, e.g., pikeperch, European smelt and bleak.
Other vertebrates
Frogs (common frog, moor frog and common toad) can live in a wide variety of
habitats provided that there are sheltered, moist places and vegetated coastal areas deep
enough for spawning. In good southern locations by waterbodies, there may be as
many as 500 frogs per ha. In winter, frogs dwell in the bottom sludge. In other times
they are terrestrial animals. Moor frog prefers more eutrophic ponds and swampy lakes
than common frog for spawning. Only common toad uses brown-coloured ponds, but it
also prefers eutrophic waters and sea bays. Common frog is consumed by all wetland
predators. Frogs themselves are terrestrial predators, while their larvae eat aquatic
plants. (Rassi 1981).
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Smooth newt prefers ponds with dense vegetation. Outside the spawning season, it also
mainly dwells on land. Adults are predators, larvae eat aquatic plants. Rassi (1981).
Common adder and viviparous lizard may be met in water bodies, but of the five
Finnish reptiles only European grass snake is an aquatic animal. It mainly lives in reedcovered shores, feeding on small fish, small predators and young birds. In turn, it is
consumed by predatory birds. (Rassi 1981).
On top of the food web of water bodies there are also several predatory mammals,
some only as visitors, such as many shrew, bat and mustelid species. Water shrew is
specialized to utilize the abundant fauna production of coastal waters and is met in
lake, river and sea shores as well as springs and streams. It is consumed by owls,
common adders and European grass snakes. (Rassi 1981).
Of the mustelids, common weasel, ermine, European polecat and European mink visit
shores for feeding. Especially small rodents, but also frogs, reptiles and birds are
consumed. However, only the European mink actually belongs to aquatic ecosystem. It
has now mainly been replaced by the American mink. Otter is best adapted to the
aquatic ecosystem. It dwells by clear, nutrient-poor water bodies, especially by rivers
and streams, eating fish, crayfish, frogs, birds, eggs and small mammals.
Most of the rodents and other herbivores dwell and eat by water bodies – lush
meadows, sedge-dominated swamps or reedbeds – at some point of the year. Shoreline
meadows are important food sources for moose and white-tailed deer. Typical rodents
are bank vole and harvest mouse. However, of aquatic mammals, only water vole,
muskrat and beaver are herbivorous.
Invertebrates
From the point of view of invertebrates, the habitat properties of the shoreline vary: the
macrophyte zone has the largest productivity providing both shelter and nourishment,
but also great changes in conditions. The open water area is unsheltered and the
nourishment comprises of plankton, decomposing organic matter and bacteria. The
bottom mainly contains matter with low nutrient content. (Sarvala 1981).
The zooplankton of inland waters consists of few groups including zooflagellates,
ciliates, wheel animals (Rotifera), water fleas (Cladocera) and copepods. Large lakes
support more species than small and eutrophic lakes more than oligotrophic ones. The
wheel animal group is typically the most diverse with 20–40 species per lake, followed
by water fleas (10–20). Protozoa (zooflagellates, ciliates) and Copepod species are
few. The share of Copepods is greatest in oligotrophic lakes, while frequently eating
water fleas are most abundant in eutrophic waters. (Sarvala 1981).
Species diversity of bottom fauna is larger than that of zooplankton, because of more
variety in micro-habitats. A typical feature in inland waters is the large amount of
insect species. Other species are, for example, pond snails (Lymnaeidae), ramshorn
snails (Planorbidae), water louse (Asellus aquaticus) and larvae of many caddishflies
(Trichoptera) and mayflies (Ephemeroptera). In very shallow waters also larvae of
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horseflies (Tabanidae) are met. Epiphytic communities are a diverse composition of
small fauna: larvae of non-biting midges (Chironomidae), earthworms (Oligochaeta),
seed shrimps (Ostracoda), Copepods, round worms (Nematode) and wheel animals.
(Sarvala 1981).
Among dense vegetation the actual bottom fauna is less diverse than deeper due to
unfavourable oxygen conditions, but larvae of non-biting midges and earthworms are
still abundant. Among the vegetation there are plenty of Notonectidae, Corixidae,
predaceous diving beetles (Dytiscidae) and Hydrachnellae. On surface film there are
water striders (Gerridae) and whirligig beetles (Gyrinidae). In vegetation zone, also
several large predators, especially larvae of caddishflies and dragonflies are met.
Elodeids (submerged plants) and nympheids (floating) support larvae of non-biting
midges and water fleas. Stony shores contain mainly same species than vegetated
shores, because in both habitats the epiphytic algae are the major nutrient source.
However, also species typical of flowing waters are met: larvae of stoneflies
(Plecoptera) and mayflies. Major groups by biomass and production are larvae of nonbiting midges, snails, pill clams (Pisidium), larvae of caddishflies and leeches
(Hirudinea). Bottom fauna is typically most abundant (biomass and species diversity)
at 1–2 m depth on sludge bottoms. Larvae of non-biting midges dominate here, as well.
Deeper, smaller species dominate: round worms, Copepods and seed shrimps. (Sarvala
1981).
In lakes, the species diversity of bottom fauna is highest in clear ones with low
productivity and lowest in small eutrophic or brown-coloured lakes. Ponds have few
species, and they are omnivorous or detritus consuming, adapted to dry conditions.
(Sarvala 1981).
General usability classification
The general usability classification of water bodies reflects the average suitability of
the water bodies for water supply, fishing and recreation in Finland (Finnish
Environment Institute 2005). The classification bases on the natural quality of the
water and human impacts. There are five classes: excellent, good, satisfactory, passable
and poor (Table 2-4). Water quality is monitored frequently in accordance with the
national and regional programmes and under environmental permits. The results of the
monitoring and control activities are stored in the national database maintained by the
Finnish Environment Institute (SYKE).
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Table 2-4. General usability classification of water bodies (Finnish Environment
Institute).

Chlorophyll-a (μg/l)
(lakes, rivers)
Chlorophyll -a (μg/l) (sea waters)
Total phosphorus (μg/l) (lakes, rivers)
Total phosphorus (μg/l) (sea waters)
Transparency (m)
Turbidity (FTU)
Water colour (mg Pt/l)
Oxygen saturation (%) in surface water
Low oxygen saturation in bottom water
Fecal indicator bacteria (units/100 ml)
Hg-concentration of predatory fish (mg/kg)
As, Cr, Pb (μg/l)
Hg (μg/l)
Cd (μg/l)
Total cyanide concentration (μg/l)
Harmful algal blooms
Abnormal taste of fish

I
Excellent

II
Good

III
Satisfactory

IV
Passable

V
Poor

<4
<2
<12
<12
>2.5
<1.5
<50

<10
2–4
<30
13–20
1–2.5
>1.5
50–100 (<200)

<20
4–12
<50
20–40
<1

20–50
12–30
50–100
40–80

>50
>30
>100
>80

<150

>150

80–110
no
<10

80–110
no
<50

70–120
occasional
<100

40–150
sometimes
<1000

frequent
no

<50
<2
<5
<50
common
common

no
no

occasional
no

severe
problems
common
>1000
>1
>50
>2
>5
>50
abundant
common

Finnish typology for lakes according to the European Union Water Framework
Directive (WFD)
To help in classifying ecological state of lakes for the requirements of the European
Union Water Framework Directive (WFD), they have been divided into twelve natural
types based on the surface area and depth of the lake, soil geology of the catchment
area, residence time and geographical location (Table 2-5).
Table 2-5. Finnish typology for lakes according to the European Union Water
Framework Directive (WFD).
Class
1. Small and medium, low humic lakes
2. Small humic lakes
3. Medium humic lakes
4. Large low humic lakes
5. Large humic lakes
6. Lakes rich in humus
7. Shallow, low humic lakes
8. Shallow, humic lakes
9. Shallow lakes rich in humus
10. Lakes of very short residence time
11. Lakes of Northern Lapland
12. Lakes rich in nutrients and calcium
2

2

Finnish acronym
Vh
Ph
Kh
SVh
Sh
Rh
MVh
Mh
MRh
Lv
PoLa
RrRk
2

Small <5 km , medium 5–40 km , large >40 km ; Low humic: natural water colour <30 mg
Pt/l, humic: natural water colour 30–90 mg Pt/l, rich in humus: natural water colour >90
mg Pt/l; Low: average depth <3 m or there is no or very short-time stratification of water
during the summer; Very short residence: the water is completely changed in a few days;
Lakes rich in nutrients and calcium: the natural amounts of these substances are high,
due to soil or bedrock properties.
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2.2
2.2.1


The origin and development of mires
Origin of mires – general

The climate, local topography and hydrology are key factors of peat development and
spread. Figure 2-1 presents the generic history of mire formation in Finland and Figure
2-2 mire development during different phases of the Baltic Sea.
Primary mire formation is a process in which the fresh soil surface is occupied directly
by mire vegetation after emergence from water. Requirements include poorly
permeable land with flat topography or small depressions. A thin gyttja layer is an
indicator of primary mire formation.
Secondary mire formation includes paludification and terrestrialization. Paludification
refers to the conversion of a forest to a mire ecosystem, occurring mainly in places
where topography directs enough runoff to create waterlogged conditions. On poorly
permeable lands, surface waters may fill depressions, after which S. girgensohnii and
S. russowii invade the spots. Other factors promoting paludification include forest
fires, storm damages and wide clear cuttings. Beavers may also contribute locally to
the onset of paludification. On well permeable lands, a rise in groundwater level is
needed. Sphagnum moss patches, typically S. capillifolium, increase. (Korhola &
Tolonen 1996). Mires may also expand to nearby forest areas via lateral growth.
Korhola (1992) studied a group of concentric 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 topography. In paludified forests, a
thin, well decomposed layer of Carex peat with tree detritus is found. Paludification is
rarely the sole origin of a mire.
In both cases the high ground water level causes moist conditions and low oxygen
concentration, after which mire vegetation can invade and further accelerate the
process. The decomposition of organic material is slowed down, and the development
of peat may begin. Especially white mosses (Sphagnum spp.) contribute significantly
to the mire development. They absorb and store water efficiently, and decrease the
diffusion of oxygen to the ground, as they (being rootless) don’t need it. They
photosynthesize at the level of capitulum and decompose from the other end. They
diffuse organic acids and other difficultly decomposing substances to the bottom
material and are not eaten by animals. Sedges (Carex spp.), in turn, are peat producers
in conditions too moist for white mosses: they have open stems that transport air to
roots.
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Figure 2-1. The history of mire formation in Finland (modified from Tolonen 1966).
Figure layout by Teea Penttinen/Pöyry Finland.
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Figure 2-2. Mire development during different phases of the Baltic Sea (modified from
Kallinen 1999). Figure layout by Teea Penttinen/Pöyry Finland.
Terrestrialization means a hydroseral succession from open water basin to mire; it is
regulated by biological or time-related sedimentation processes. Thick limnic mud and
gyttja layers are often found in the deeper parts of the mire. These are remnants of an
ancient pool of lake, and cover the original clay or silt bottom. The ancient, warmer
climate is reflected in the species composition of the plant residues in the bottom-near
layers. Terrestrialization may proceed from surface to bottom or from bottom to
surface:
x
Eutrophic, low, sheltered lakes: from bottom to top, started by sedges, reed and
horsetail, and followed by mosses which initiate the height growth of mire.
x
Ombrotrophic, small lakes: from top to bottom, initiated by floating moss
carpets and followed by sedges (Fig. 2-3).
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Figure 2-3. Terrestrialization of a lake from top to bottom, lead by floating moss
carpets (photo by Reija Haapanen/Haapanen Forest Consulting).
The peat accumulation rate of a mire is regulated by local hydrological and edaphic
factors and their changes in time, which in turn are regulated by climate, mineral soil
composition, topography, fires and human actions (Aaby & Tauber 1975, Korhola
1992, Mäkilä 1997). Composition of mire vegetation and species-specific
decomposition properties affect the peat accumulation rate, as well (Johnson &
Damman 1991). Peat accumulation ceases when vertical growth has reached a point
where primary production (amount of organic matter annually added to the peat
column) cannot longer compensate for the amount released (Clymo 1984).
Ombrotrophic vs. minerotrophic mires
Based on hydrology and consequently, also nutrient status, peatlands can be broadly
classified into two main groups, ombrotrophic and minerotrophic. Ombrotophic mires
(bogs) receive water and chemical elements from atmospheric deposition only. They
develop when the peatland surface grows beyond the influence of telluric water inputs
(waters enriched with mineral elements), and telluric waters influence the peatland
margins only. If a hydrological distinction between recharge and discharge areas is
utilized, ombrotrophic bogs are recharge areas, feeding waters to local groundwaters
(Laine & Vasander 1996).
All ombrotrophic, raised bogs have initiated as minerotrophic mires, which means that
they have been earlier aapa mires covered only later by ombrotrophic Sphagnum peats
(see description of raised bogs and aapa mires in the next page). This progressive
development is seen in the stratification of well developed mires: limnic, gyttja and
mud, telmatic reed, rush and Carex, and terrestric Sphagnum fuscum (Fig. 2-4),
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Eriophorum and wood. In regressive development, the mire can become wetter again.
This happens either when the height growth of an upper mire exceeds a limit after
which waters will flow over the threshold separating these two mires, or the ditches are
overgrown by mosses (Taipale & Saarnisto 1991).
Ombrotrophic bogs are characterized by a low pH (usually <4), a low electrolyte
content and a low nutrient content.
Mire complex types
Morphology distinguishes the raised peat bogs in South and aapa mires in North
Finland. The division is due to a change in several central factors in climate (growing
season, precipitation, flooding...) and topography (Seppä 1997). All raised bogs in
Finland have started as minerotrophic mires, but in raised bog zone the development of
a mire proceeds towards ombrotrophic conditions, whereas in aapa mire zone the
development continues as a Carex fen (Ruuhijärvi 1980). Major part of the Reference
area belongs to the raised bog zone. In Finnish the raised bogs are called either
"Keidas" (in Northern Satakunta and Ostrobothnia) or "Rahka" (in Southwestern
Finland). The official name "Kohosuo" is a loan translation. (Ruuhijärvi 1980).
The central part of a raised bog is called central plateau, surrounded by the rand
(steepest part of the bog). Outmost, at the boundary between the raised bog massif and
the mineral soil, is a narrow ring of flat and minerotrophic mire, called lagg (Laitinen
et al. 2007).

Figure 2-4. Sphagnum fuscum is an important peat-former in ombrotrophic bogs
(photo by Reija Haapanen/Haapanen Forest Consulting).
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In raised bogs there is a distinct surface pattern created by wet hollows and drier
hummocks. In the centre there may exist larger peat-bottomed pools. The hummocks
and hollows have often a concentric ordering caused by the flow direction of the water.
The wetness situation of the centre is in constant change, generating layers of more
decayed hummock peat and non-decayed hollow peat in the stratigraphy. The surface
morphology of raised bogs has probably developed during the latest 2,000–3,000 years
with lowering temperatures and stronger frosts. (Taipale & Saarnisto 1991).
Raised bogs are further divided into plateau bogs, concentric bogs (Fig. 2-5) and
eccentric bogs based on the cross-sectional profile. All of these sub-types are found in
the reference area: the southwestern part belongs to the plateau bog zone and the
northeastern part to the eccentric bog zone, concentric bog being the dominant type.
The hummock vegetation in the concentric bog zone is characterized by common
heather (Calluna vulgaris) pine mire. In the southern parts of the zone the hummocks
closest to the centre are almost treeless, in the northern part there are more and larger
trees. When the hollows are relatively dry, they are dominated by tussock cottongrass
(Eriophorum vaginatum), Sphagnum balticum and S. magellanicum. In wetter hollows
there are Scheuzeria palustris, white beak-sedge (Rhynchospora alba), S. cuspidatum
and S. tenellum. The upper end of the rand is covered by dense Calluna vulgaris–S.
fuscum pine bog, lower end by Rhododendron tomentosum (Ledum palustre)
dominated dwarf-shrub pine mire. (Ruuhijärvi 1980).

Figure 2-5. A well-developed concentric bog, Häädetkeidas in Parkano (see Section
7.2 for description of this bog). The concentric bogs of South-Ostrobothnia and
Northern Satakunta differ slightly from those located more south, probably because
they freeze deeper during winter. Photo by Erkki Oksanen/Finnish Forest Research
Institute.
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2.2.2

Mire succession on Finnish land uplift coast

A typical mire succession on land uplift coasts starts at the meadows located above the
mean water level (Fig. 2-6). At the beginning of the mire development, the climate,
topography, moisture 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 on the bottom, from, for example,
Myriophyllum spp. and Potamogeton spp. In the shallows, the common reed, clubrush, 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).
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).
3. When the influence of surface and ground water decreases, the accumulation of
Sphagnum turns the development into poorer site types, first tussock cottongrass
(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 1,500–3,500 years
of succession), a thicker bed of Sphagnum starts to accumulate, disconnecting the
mire surface from groundwater, resulting in concentric bogs with hummocks and
hollows. The centres of mires are again treeless or near treeless (Ruuhijärvi 1980,
Korhola 1990) and grow independently of the environment (Korhola 1992).
Also secondary mire formation via a lake (terrestrialization) occurs on the shores (bay
 flad  glo  lake  mire).
The border between primary and secondary mire development in the coastal areas is
somewhere between 500–1,000 years of succession. In soils younger than 500 years,
the depressions typically grow vertically and not much horizontally. After that, these
depressions 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 (KukkoOja et al. 2003, Sauramo 1940).
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Figure 2-6. Mire succession from shore marshes to inland ombrotrophic raised bogs
in Southwestern Finland (according to Aario 1932). Figure layout by Teea
Penttinen/Pöyry Finland.
2.2.3

Characteristics of Finnish mires

Ecologically, mires are ecosystems maintained by moist climate, characterized by high
groundwater level, where only partially decomposing organic matter accumulates as
peat. According to botanical definition, mires are habitats that are dominated by peat
forming vegetation. Geologically, mires are sites with at least 30 cm peat layers. (Laine
et al. 2000). There are several ways to classify mire site types, and, for example, the
following major categories can be determined:
x
Spruce mires ("korvet") with generally thin peat layers, nutrient-rich conditions
and a mixture of forest and mire vegetation.
x
Pine mires ("rämeet") obtaining nutrients mainly from water and peat. The
growth of trees is affected by the excess water, and the usually thick peat layers
whose nutrient contents differ from mineral soils. Vegetation is characterized
by dwarf-shrubs, e.g. marsh labrador tea, bog bilberry, dwarf birch and
leatherleaf.
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x

Oligotrophic treeless mires ("nevat") have thick peat layers, none or very few
and suppressed pines, poor nutrient condition and few plant species.
Eutrophic treeless mires ("letot") are treeless mires with rich and diverse
vegetation, caused by the more rich bedrock under and around the mire. These
are usually found in Northern Finland.
Flood marshes ("luhdat") are found by water bodies and they are transitional
stages between a bay and a mire, with surface water influence.
Spring water bogs ("lähteiköt") are small areas around and supported by springs
with nutrient rich water (groundwater influence).

x

x
x

Another way is to divide the mires between genuine, forested mire site types, sparsely
forested composite mire site types and treeless mire site types. Genuine forested types
have a natural tree stand and consist of relatively uniform hummock or intermediate
level surface vegetation, whereas sparsely forested composite mire site types are
characterized by a mosaic of hummock and intermediate level or hollow vegetation.
They can be considered as mixture of forested and treeless site types. Treeless types
lack a natural tree stand. (Paavilainen & Päivänen 1995). An example of a mire site
type classification for practical purposes is presented in Table 2-6. Figure 2-7 shows
treeless and sparsely forested composite mires arranged according to moisture and
nutrient levels.

Treeless and compositey types

Genuine, forested types

Table 2-6. Mire site types used in forestry, modified from Paavilainen & Päivänen
(1995).
Abbreviation
Name in Finnish
Name in English
LhK
lehtokorpi
eutrophic paludified hardwood–spruce forest
RhK
ruoho- ja heinäkorpi
herb-rich hardwood–spruce swamp
KgK
kangaskorpi
paludified V. myrtillus spruce forest
MK
mustikkakorpi
V. myrtillus spruce swamp
PK
puolukkakorpi
V. vitis-idaea spruce swamp
PsK
pallosarakorpi
C. globularis spruce swamp
KR
korpiräme
spruce–pine swamp
KgR
kangasräme
paludified pine forest
IR
isovarpuräme
dwarf-shrub pine bog
RaR
rahkaräme
S. fuscum pine bog
VLK
varsinainen lettokorpi
eutrophic hardwood–spruce fen
KoLK
koivulettokorpi
eutrophic birch fen
VLR
varsinainen lettoräme
eutrophic pine fen
RaLR
rahkainen lettoräme
eutrophic S. fuscum-rich pine fen
VL
varsinainen letto
eutrophic fen
RiL
rimpiletto
eutrophic flark fen
RhSK
ruohoinen sarakorpi
herb-rich sedge hardwood–spruce fen
RhSR
ruohoinen sararäme
herb-rich sedge birch–pine fen
RhSN
ruohoinen saraneva
herb-rich sedge fen
RhRiN
ruohoinen rimpineva
herb-rich flark fen
VSK
varsinainen sarakorpi
tall-sedge hardwood–spruce fen
NK
nevakorpi
tall-sedge spruce swamp
VSR
varsinainen sararäme
tall-sedge pine fen
VSN
varsinainen saraneva
tall-sedge fen
VRiN
varsinainen rimpineva
flark fen
TSR
tupasvillasararäme
cottongrass–sedge pine fen
LkR
lyhytkorsiräme
low-sedge S. papillosum pine fen
LkKN
lyhytkorpinen kalvakkaneva
low-sedge S. papillosum fen
TR
tupasvillaräme
cottongrass pine bog
KeR
kermiräme
hummock–hollow pine bog
LkN
lyhytkortinen neva
low-sedge bog
RN
rahkaneva
S. fuscum bog
SiN*
silmäkeneva
hollow bog
*Occurs in peat survey reports by GSF, not in original source.
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Increase in moisture level
Eutrophic
hardwood-spruce
fen (VLK)

Eutrophic birch
fen (KoLK)

Eutrophic pine
fen (VLR)

Eutrophic S.
fuscum-rich pine
fen (RaLR)

Eutrophic level

Herb-rich sedge
hardwood-spruce
fen (RhSK)

Herb-rich level

Eutrophic fen (VL)

Herb-rich sedge
fen (RhSN)

Tall-sedge
hardwood-spruce
fen (VSK)

Herb-rich flark fen
(RhRiN)

Tall-sedge pine
fen (VSR)

Tall-sedge fen
(VSN)

Low-sedge S.
papillosum pine
fen (LkR)

Low-sedge S.
papillosum fen
(LkKaN)

Ridge-hollow pine
bog (KeR)

Low-sedge bog
(LkN)

Flark fen (VRiN)

Decrease in nutrient level

Cottongrasssedge pine fen
(TSR)

Cottongrass pine
bog (TR)

S. fuscum bog
(RaN)

S. fuscum level

MINEROTROPHY

Tall-sedge level

OMBROROTROPHY

Herb-rich sedge
birch-pine fen
(RhSR)

Eutrophic flark fen
(RiL)

Figure 2-7. Finnish classification of treeless mires and sparsely forested composite
site types in relation to nutrient and moisture levels. Figure according to Laine &
Vasander (1996).
Draining changes the hydrology and other physical properties of the mires. Three
stages are separated in Finnish silviculture: drained, transforming and transformed
stage, where the ground layer is dominated by species typical of mineral soil sites.
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Birds
The composition of the bird species of the mires vary with mire site type. The mire
birds of mainly nest on treeless or nearly treeless mires. For the majority of these birds,
the openness and wetness of the habitat is vital. Treeless mires with shallow
waterbodies produce abundant numbers of insects for nourishment. However, the lowsedge bogs and dry–fairly dry S. fuscum bogs of the raised bogs are unfavourable to
insects, and thus support very small amounts of birds. Great numbers of birds and bird
species can be found on vast, open and wet mires and raised bogs with many pools,
with birds densities as high as 200 pairs/km2. (Häyrinen 1980).
Pine mires are sunny but barren habitats. On shadowy and more eutrophic spruce mires
and mires with abundant tree stands, the nesting species are mainly forest birds, but
some open mire species, especially waders, nest at surrounding forests. A few species
are also adapted to forested mire types. (Häyrinen 1980).
Other vertebrates
Shrews are the most numerous mammals on mires. Bigger mammals are represented
by e.g. moose and many carnivores, such as brown bear that sometimes prey on the
mires. Of reptiles, e.g. adder, common frog and common toad are typical. Grass snake
can be met in lush coastal swamps. In pools and ponds, perch, pike, tench, crucian
carp, and white bream may be met. (Skáren 1980).
Invertebrates
The unique microclimate has a significant effect on the species composition of
butterflies on the mires. Though butterflies form a visible part of the insects on the
mires, they probably play a relatively small role in the food webs of the mires.
(Mikkola 1980).
The field layer of a pine mire is characterized by dwarf shrubs, supporting several
invertebrates and their predators. The species composition of the invertebrates living
on the trees of the mires resembles that of forests. However, some species are adapted
to live on mire pines. Insects pollinating the flowers on the mires form a group of their
own. Two-winged flies are particularly numerous. On field layers consisting of sedges
and cotton grass, the number of insect species is smaller than on dwarf shrubs
dominated layers. (Koponen 1980).
Invertebrates living either as larvae or adults in water or in wet moss are rather
significant in the food web of the mire ecosystem. Insects form the most important
group of invertebrates in mire waters. They have a crucial nutritional significance
especially to the birds of the mires. The pools and ponds support characteristic microorganisms. Desmid algae are numerous. Only a few species of blue algae are found.
Some Stigonems and Haplosiphons are rather common, however. Of diatoms, species
favouring acidity are common in the mire waters. (Kansanen 1980).
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Chemical properties of peat and raw humus
The chemical properties of peat are primarily determined by the original chemical
composition of peat-forming plant communities and the degree of decomposition
(Paavilainen & Päivänen 1995). The chemical composition of plant communities is
regulated by the water source, and, further, part of the inorganic constituents of water
passing through the peatland is deposited with peat (Laine & Vasander 1996). There
are several classifications of peat describing the peat chemistry. E.g., the following
factors can be considered (Paavilainen & Päivänen 1995):
1. Botanical composition:
x Sphagnum peat (S), composed predominantly of the remains of
Sphagnum and other mosses
x Carex peat (C), composed predominantly of the remains of sedges,
grasses (Molinia, Phragmites), herbs (Dryopteris, Equisetum) and related
species
x Woody peat (L), at least one third is composed of wood and shrub
remains
2. Degree of decomposition:
x Weakly decomposed, humification degree H = 1–3 (von Post 1922)
x Medium decomposed (H = 4–6)
x Strongly decomposed (H = 7–10)
3. Trophy levels:
x Oligotrophic
x Mesotrophic
x Eutrophic
There are clear differences in the chemical properties of Sphagnum, Carex and woody
peats. The Sphagnum peats are characterized by low pH values and low nitrogen and
extractable calcium contents but a high C/N ratio and slightly higher content of soluble
phosphorus compared to Carex-dominated peats. The potassium content is almost
similar in both types. The calcium, potassium and phosphorus contents are somewhat
higher in woody peats than in the corresponding Sphagnum or Carex peats. The
surface peat is more acid than lower peat layers. (Paavilainen & Päivänen 1995).
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3

DESCRIPTION OF THE REFERENCE AREA

3.1

Geography

3.1.1

Climate

The main factor influencing Finland's climate is the country's geographical position
between the 60th and 70th latitudes in the NW corner of Eurasian continent. The
climate shows characteristics of both a maritime and a continental climate, depending
on the direction of air flow. The mean temperature in Finland is several degrees higher
than that of other areas in these latitudes, because of the warming effects of the Baltic
Sea, inland waters and, above all, airflows from the Atlantic warmed by the Gulf
Stream.
The climatic conditions of the reference area are described below based on statistics
from 1971–2000 (Drebs et al. 2002). The coastal areas are warmer than those in inland
due to marine influence (Table 3-1). The northernmost parts of the area near
Kankaanpää have the lowest annual mean temperature (3.7 ºC). The southern and
southwest parts, Turku–Rauma coastal areas, are the warmest with mean temperatures
of over 5.0 oC.
The highest precipitation values are found in the north, near Kankaanpää, and south
near Turku, where annual precipitation is over 650 mm (Table 3-2). The lowest
precipitation values (550–600 mm) are in the west in the Rauma–Pori–Kokemäki area.
The highest number of rainy days 210 (>0.1 mm) was measured at Jokioinen and the
lowest, 166, at Huittinen. Hämeenkangas esker (part of Central Finland End Moraine)
may affect the precipitation values of Kankaanpää area and eastward. The number of
snow cover days is <75 in the majority of the area. The thickest snow layers are found
in the north (Kankaanpää) and in the east (Jokioinen). The distribution depends on
precipitation and temperature.
Southwest and southern winds are typical of the area. The strongest winds are
measured at Rauma (the weather station is located in the outer archipelago). Typical
storm direction is first S or SE and later N, which is typically the strongest, and
explains the differences between storm winds and regular winds.
For most parts of the Reference area, the thermal growing season begins in average on
April 28 and ends by October 20. The sum of effective temperature is over 1250
degree days. Icing is a longer process in large and deep lakes. According to Korhonen
(2005) the average date of freezing of lakes between 1961 and 2000 in the Reference
area has been November 30 and the mean maximum ice thickness approximately 50
cm. The average date of break-up is April 30 and it is less affected by the size
parameters.
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Figure 3-1. The variation of some central climate factors in the reference area. Data from WORLDCLIM project (www.worldclim.org).
Olkiluoto is marked with a red cross, except in last figure where climate stations from the reference area are shown. Map layout by Reija
Haapanen/Haapanen Forest Consulting.

Table 3-1. Climate statistics in the Reference area in 1971–2000 (Drebs et al. 2002). See location of weather stations in Fig. 3-1.
Observation station

Air pressure
hPa

o

Air temperature C
(max/min)

Relative humidity
%

Precipitation mm

Precipitation days
(0.1 mm)

Kankaanpää Niinisalo (N)

1012

3.7 (7.7 /-0.2)

81

668

190

Snow depth (on
the 15th day of
each month) cm
0–47

Jokioinen Observatory (E)

1012

4.3 (8.3 /0.2)

80

607

210

0–31

Average wind
speed (m/s) and
main direction
2.7 S/SW
3.6 SW

Turku Airfield (S)

1012

5.2 (9.0/1.5)

79

698

198

0–25

3.5 SW

Mietoinen Saari (SW)

-

5.1 (8.9/1.3)

-

627

183

0–17

-

Rauma Kuuskajaskari (W)

1011

5.1 (7.9/2.6)

83

559

169

0–20

5.5 SW

Pori Airfield (W)

1011

4.8 (8.6/0.7)

79

578

186

0–20

4.2 SE

Kokemäki Peipohja (M)

-

4.4 (8.4/0.3)

-

592

180

0–17

-

Huittinen Lauttakylä (M)

-

4.2 (8.2 /-0.1)

-

618

166

0–26

-
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3.1.2

Topography

Most Finnish landforms can be directly attributed to the bedrock. This is often seen in
orientation of e.g. watersheds, mires and eskers. (Nepponen 1978). The bedrock relief
determines the relative differences in height throughout virtually whole Southern and
Southwestern Finland. Major parts of the Reference area are characterized by smallscale variations in topography, with low hills and ridges with valleys and lake basins.
(Atlas of Finland 1986). The elevation of the Reference area can be seen in Fig. 1-3.
The maximum height of the highest (and oldest) Litorina shore-level (7500–7000 BP)
runs between 70 and 58 m above sea level (Eronen et al. 1995).
The reference area is divided into five geomorphological areas (Atlas of Finland 1986):
x
The Turku region of fractured topography. Numerous fracture valleys cross the
bedrock, which also exhibits distinct faults. Bare bedrock outcrops are
common. Eskers are rare. Fine sediments are met in bedrock valleys and
depressions, but not as large plains.
x
The Vakka-Suomi region of low-lying, flat, monotonous bedrock and moraine
terrain with few small clay plains. The area is crossed by one esker.
x
The Pori–Loimaa lowland, where marine relief predominates, but there are
places where the relief is attributed to aeolian, glaciofluvial or fluvial processes.
The typical, very flat plains of fine sediments are disrupted by rocky elevations
and a very large esker that crosses the region from southeast to northwest
x
The Finnish Lakeland with variable bedrock relief. The area is characterized
throughout by the old fractured and uneven erosional relief of the bedrock. In
large parts of the area, the relative height differences exceed 75 m, which is
considerable for Southern Finland. The fracturing also manifests itself in an
abundance of lakes with tortuous shoreline. The whole area is covered with a
till blanket with local drumlins.
x
The Southern Ostrobothnia region of low relief of bedrock and surficial
deposits. The relief is mainly controlled by bedrock, close to the southeastern
border of the region, elsewhere even ground moraine and fine-sediment plains
predominate. An outstanding glaciofluvial landform is the Hämeenkangas–
Pohjankangas esker.
3.1.3


Hydrogeography (Discharge areas)

There are major differences in the characteristics, as well as the quality and the
quantity of the loads of the discharge areas in the Reference area. These areas are
shown in Fig. 3-2 and the characteristics of the most important ones described below:
x
The water bodies in the coastal area belong to the drainage basins of the
Bothnian Sea and the Archipelago Sea.
x
The Karvianjoki watershed covers 3,438 km2. It is characterized by many water
routes and humic lakes. River Karvianjoki discharges to the Bothnian Sea
through three different rivers. The proportion of lakes is higher than in other
watersheds in Southwestern and Western Finland. Forests and mires dominate
the landscape. Fields (approximately 12 % of the area) are concentrated along
the water bodies. Active peat production has increased solids and humic
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x

x

x

x

x

x

substances in waters. The waters are turbid and brown. The state of waters
varies from satisfactory to tolerable.
The Kokemäenjoki watershed covers 27,046 km2 (8 % of Finland's area). River
Kokemäenjoki is the largest river in the Reference area with a length of 121
km. Lakes cover 11 % of the watershed area. A nutrient-rich and clayish river,
Loimijoki, joins River Kokemäenjoki in Huittinen. The river runs through Pori
via two main channels to the Bothnian Sea. In the Pori area, great flooding is
possible. Upstream of the river, soils consist mainly of clay, whereas
downstream there are gravel, sand and silt causing sedimentation in the delta,
which is the largest in the Nordic countries, with large wetland areas. Majority
of the drainage basin is covered by forests and fields. River Kokemäenjoki has
been one of the most heavily loaded rivers in Finland. In 1970s and 1980s the
water contained toxic substances, such as organic chlorines, PCB, and heavy
metal derivates. Purification of waste waters has significantly decreased the
loads of organic, nutrient and toxic materials, but the load of nutrients and
suspended solids is still high.
The Eurajoki watershed covers 1,336 km2, of which lakes cover 13 %. The
watershed contains the largest lake in SW Finland, Lake Pyhäjärvi (154 km2,
83 % of the lake area within the watershed). River Eurajoki starts from the
northern part of the lake and flows to the Bothnian Sea. The soils are mainly till
(28 %) and clay (22 %). Fields cover some 23 % and mires 7 %. Downstream
of the river, sulphide clay soils sometimes lower the pH of water. The state of
River Eurajoki waters varies from satisfactory to tolerable. Loads originate
from agriculture, industry and settlements.
The Lapinjoki watershed covers an area of 462 km2. Lakes, which are mainly
brown and humic, cover approximately 4.2 % of the watershed area. River
Lapinjoki starts from a forest and mire dominated area, and flows to the
Bothnian Sea. The main soil types are till and peat, but the amount of exposed
rocks is considerable, as well. The proportion of fields in the watershed is
around 23 %. A remarkable part of load comes from agriculture and
settlements. The quality of waters in the watershed is mainly good; that of
River Lapinjoki has been classified as satisfactory.
The Sirppujoki watershed covers 438 km2. The length of Sirppujoki River is 26
km. It starts from a swampy forest area and runs to the freshwater reservoir of
Uusikaupunki. The proportion of fields is 30 %. The water is opaque and
contains considerable amounts of aluminium due to acidic sulphide clay soils.
Acidity has caused fish deaths in the river and in the freshwater reservoir. Also
high nitrate concentrations deteriorate water quality. Several lakes have been
drained for agriculture and the river has been dredged. The state of the waters
varies from satisfactory to tolerable.
The Laajoki watershed covers 393 km2. River Laajoki starts from lake and
peatland dominated area and ends in the Archipelago Sea. The proportion of
fields is 17 % and that of mires 22 %. Typical of the watershed are small lakes
and ponds. The lakes are generally humic and brown due to mires and forestry.
During flooding, agriculture has a significant effect on water quality. Sulphide
soils also acidify waters, which sometimes has led to fish deaths.
The Mynäjoki watershed covers 288 km2. River Mynäjoki starts from a mire
dominated area and runs to the Archipelago Sea. The soil type is mainly clay,
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x

x

being sensitive to erosion. Fields cover 26 % of the watershed, and are mainly
situated downstream. The proportion of mires is 13 %. Waters are brownish,
humic and rich in nutrients. The state of the waters varies from satisfactory to
tolerable.
The Aurajoki watershed covers 874 km2. It situates in a bedrock fracture line.
River Aurajoki starts from springs of a gravel esker and runs first in narrow
brooks in small clayish valleys. The main channel is 70 km long. Proportion of
fields is high, 37 % of the watershed. Typical of the watershed are large
variations in flow conditions due to heavy and sudden rains and changes in the
temperatures. There is only one lake and consequently the river flow balance is
poor. Also ditching and impermeable clay fields increase flows. The shores of
River Aurajoki are sensitive to erosion. The nutrient content and solids are
abundant causing eutrophication of the Archipelago Sea. Majority of loadings
comes from agriculture, forestry and sewage waters (dumping places).
The Paimionjoki watershed covers 1,088 km2. River Paimioinjoki starts from
Lake Paimionjärvi. It is the biggest river running to the Archipelago Sea, with a
length of 110 km. There are some small lakes especially in the upper part of the
watershed, but only 1.5 % of the watershed is covered by lakes. The coverage
of fields is around 43 %. The clayish fields are intensively used and sensitive to
erosion. The river Paimionjoki carries a lot of nutrients and suspended solids to
the Archipelago Sea, mainly from agriculture, forestry and scattered settlement.
The river is regulated by power plants.
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Figure 3-2. Major discharge areas of the Reference area. Data by Finnish
Environment Institute. Map layout by Reija Haapanen/Haapanen Forest Consulting.
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3.2
3.2.1

Geology
Bedrock and overburden

Sediments are thicker in low-lying, flat areas than in areas of variable bedrock relief.
Large low-lying, flat areas formed by clays deposited in the sea are encountered in the
river valleys. In depressions in diverse and fractured bedrock there are deep
sedimentary beds (up to 60 m). The summits of the hills are either exposed or covered
with only thin layers of mineral deposits. The overburden is mainly sandy or fine sandy
till (Virkkala 1969). Till reliably reflects the chemical composition of the underlying
rocks, as well, allowing the division of the Reference area into following geochemical
provinces, according to the co-occurrence of elements (Koljonen et al. 1992):
x
The Sandstone area of Satakunta, which is the widest young rock area in
Finland. It is cut by numerous dolerite dykes of gabbroic composition.
Sandstones are typically rich in silica and poor in nutrients elements, whereas
dolerites are poor in silica, but contain elements typical of mafic rocks in
concentrations above average. The base cation (<400 meq/kg) and aluminium
(<800 meq/kg) concentrations are low, in general. Also iron and phosphorus
concentrations are low (<500 meq/kg), exceptions are found in mafic areas.
The sandstone area covers the area from towns Säkylä to Pori and Rauma,
generally. In the northwestern part of the area there is the largest esker zone in
Southwestern Finland and these huge glacial sand and gravel formations
originate from the nearby sandstones.
x
The Rapakivi granite area, which is divided into Laitila and Vehmaa areas. The
areas are also low in nutrients, but the concentrations are somewhat higher than
in the sandstone area. The aluminium concentrations are higher than those of
the other presented elements (Appendix 3-1). Concerning trace elements, the
rapakivi granite is notably enriched in fluorine. The natural contents of uranium
and thorium are above average and may have harmful environmental effects
through radiation (radon).
x
The Volcanic sedimentary belt of Southern and Southwestern Finland covers
most of the Reference area. The area consist of meta-sediments and mafic
rocks, which maintain above average concentrations of base cations (>1,200
meq/kg), aluminium (>2,300 meq/kg), iron (>1,600 meq/kg) and phosphorus
(>1,000 meq/kg) in the fine fraction of till. However, this holds true for the
detrimental elements e.g. arsenic, cadmium and mercury, as well.
x
The high metamorphic zone of Southern Finland situates in the southern part of
the Reference area. The area is characterised by granitoids and volcanic rocks.
The element distribution is quite heterogeneous depending on whether the till
consists mainly of volcanic rocks rich in nutrients or nutrient-poor granitoids.
The till geochemistry of the main elements, aluminium (Al), the sum of base cations
(Ca+Mg+K), iron (Fe) and phosphorus (P) according to Geological Survey of Finland
(Koljonen et al. 1992) are presented in Appendix 3.
Clay areas are large in the reference area, as well. The clay types are glacial clays,
varved (annually laminated) Yoldia Lake clays and homogeneous Ancylus Lake clays
consisting of some sulphides. Litorina clays, deposited mainly in 7500–1500 BP are
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often mud or muddy clays depending on the amount of organic matter. During the
shallow Litorina Sea phases, anoxic conditions prevailed causing reduction of
sulphates to sulphides. Soils developed on sulphide rich sediments are characterised by
pH values as low as 3–4 and they are often called acid sulphate soils (AAS; Suppala et
al. 2005). Steady oxidation of sulphides annually releases significant amounts of Al
and other harmful elements, such as Ni and Cd, into waters (Palko & Weppling 1994).
3.2.2

Peat accumulation

Peat accumulation rate varies according to in internal and external hydrology, length in
growing season, effective precipitation, temperature etc. Accumulation rates have been
reported from a variety of temperate and boreal bogs ranging between 0.2–2.0 mm/a
(Aaby & Tauber 1975, Anderson 2002).
Mean peat accumulation rate in Finnish mires is 0.32 mm/a (Mäkilä & Toivonen 2004)
– in raised bog zone 0.59 mm/a, and in aapa mire zone 0.25 mm/a. An upward shift in
peat accumulation rate of raised bog zone in approx. 4,500 years ago is due to wetter
climate (and more Sphagnum-dominated vegetation).
The age of peat and apparent long-term peat increment in Southwestern Finland has
been studied by Mäkilä & Grundström (2008). The peat increment of peat layers was
determined with C-14 datings from the bottom peat of 16 mires (Fig. 3-3). The
maximum ages of the mires in the studied area are limited by the retreat of the ice
cover, and the following phases of the Baltic Sea. The dated mires have originated
1,300–10,500 calendar years ago, the oldest being Torronsuo in Tammela (10,530
years).
The higher above the sea level the mire is located, the older it generally is, and the
thicker peat layers it possesses. However, the peat accumulation is generally slower
than in the younger mires closer to the coast (an exception within the studied mires was
Torronsuo, where the local conditions, above all moisture, have favoured the peat
accumulation at the deepest part). The highest peat increments, over 1 mm/year, were
found in young coastal, weakly decomposed Sphagnum mires, which have low pH
(<4), and the lowest increment, 0.4–0.6 mm/a, in mires which are situated at the higher
and topographically variable areas in the eastern part of the study area. (Mäkilä &
Grundström 2008).
The higher accumulation rates at coastal Sphagnum mires compared to older raised
bogs are a result of differing climate and younger development stage. High
accumulation rates are found in places that have their origin in terrestrialization of
water bodies, as well as in paludified depressions characterized by poorly permeable
soils, where decomposition occurs in thin surficial layers only. Accumulation rate is
higher in places with wet and weakly decomposed origins, the wettest treeless bog
locations excluded. (Mäkilä & Grundström 2008).
The lowest accumulation rates in Southwestern Finland are in mires that have
developed on steep, well permeable soils. In dry conditions the microbial activity is
higher and thus also the humification greater than in wet conditions. Decomposition is
more efficient in Carex mires, because they get oxygen and nutrient rich water from
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surrounding mineral soils. Sphagnum mires are fed by rainwater only. Fires may also
have had a lowering effect on the peat accumulation rate (e.g. Pitkänen et al. 1999).
(Mäkilä & Grundström 2008).
On ditched mires the accumulation rates can be 10–20% lower compared to natural
state, depending on peat thickness (Mikola 1961). Ditching causes the mire surface to
sink, at first mainly along with lowering water level. (Mäkilä & Grundström 2008).

Figure 3-3. Locations of the dated mires (figure from Mäkilä & Grundström 2008).
The C-14 BP age and peat accumulation speed (mm/y) are also shown. 1. Isorahka
(Laitila), 2. Ojasuo (Lappi), 3. Isosuo (Rauma), 4. Hevossuo (Rauma), 5. Lastensuo
(Eurajoki), 6. Pitkäsuo (Kullaa), 7. Isoneva (Pomarkku), 8. Lehdonsaarensuo (Laitila),
9. Hirvilamminsuo (Laitila), 10. Järvenrahka (Yläne), 11. Eurassuo (Eura), 12.
Pesänsuo (Mellilä), 13. Nanhiansuo (Huittinen), 14. Isoneva (Ikaalinen), 15.
Rapakkoneva (Jämijärvi), 16. Torronsuo (Tammela).
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3.3
3.3.1

Ecology
General

The Reference Area, as most of Finland, belongs to boreal coniferous forest zone with
cool–temperate, moist climate, short growing season and wintertime snow cover. In
geobotanical division, most of the study area belongs to Lounaismaa. The clayish areas
are characterized by lush, herb-rich forests and nutrient-rich lakes (Typha–Alisma
type). It is also the area of longest agricultural history of Finland. The northern border
of many demanding plant species is within the Reference area (Kalliola 1973).
3.3.2

Lakes

The most common botanical lake types in the Reference area are presented below,
according to Toivonen (1981):
x
In Equisetum-type lakes, the shores are typically peaty or tilly and the
agricultural fields are of mire origin. Water is brownish; the abundant humus
reduces the visible depths to <2 m. Water is relatively acid (pH around 6).
Along the shores and shallow water there are sparse colonies of slender sedge
(Carex lasiocarpa), bottle segde (Carex rostrata) and water horsetail
(Equisetum fluviatile), with some tufted loosestrife (Lysimachia thyrsiflora)
and common reed (Phragmites australis) in geolittoral. On the shores, also
undemanding mire plants such as bogbean (Menyanthes trifoliata) and swamp
cinquefoil (Potentilla palustris) are met. Yellow water-lily (Nuphar lutea) is
the most common nympheid, with some candid water-lily (Nymphaea candida)
and the bur-reeds Sparganium gramineum and S. emersum. Water does not
nourish pleustophytes or stoneworts (Charophyta) and the mud bottom is not
suitable for elodeids and isoetids.
x
Equisetum–Phragmites lakes represent the typical, relatively poor lake type of
Southern and Central Finland. Shores are mainly covered by till, forested, with
fewer mires or agricultural fields than in the previous type. Humus content is
moderate or high, the visible depth being 2–3 m. Almost all forms of aquatic
vegetation are met, and, especially on sheltered and shallow shores, the
zonation is clear. Dominant helophytes are common reed, water horsetail and
common club-rush (Schoenoplectus lacustris). The colonies are, however,
sparse, only those of horsetail may be denser. Of nympheids, floating
pondweed (Potamogeton natans) and yellow water-lily are accompanied by
solid bur-reed zones, followed by the elodeids alternate water-milfoil
(Myriophyllum alterniforum), perfoliate pondweed (Potamogeton perfoliatus)
and quillworts (Isoëtes spp.). Aquatic mosses are often abundant both among
and outside the helophyte zone.
x
Schoenoplectus lacustris type lakes are small or medium-sized, shallow and
generally under heavy human impact; on average half of the shore is covered
by agricultural fields. Shores are of till, fine sand, clay or sometimes peat.
These lakes are more eutrophic than the previous ones. The nutrient level of
water is high, but often with a high humus content as well, which prevents light
from passing below the surface layers (visible depths ca. 1 m). Water pH is
close to neutral, but abundant algae biomass causes large variations. Abundant
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x

helophyte colonies are typical of these lakes; before the appearance of muskrat,
round-shaped colonies of common club-rush were distinctive on sludgebottomed shores. Also mixed colonies of club-rush, common reed and horsetail
are typical. Sedge-dominated shore meadows are dense: on swampy shores
bottle sedge, slender tufted-sedge (Carex acuta) and bladder sedge (Carex
vesicaria) are met. Among the helophytes thrive floating pondweed and yellow
water-lily. Soft bottom and dark water are unfavourable for elodeids, but
pleustophytes are met in sheltered locations. The amount of mosses varies
greatly.
Typha–Alisma type lakes are characteristic of the clayish areas, but human
impact has converted many originally poor lakes into this type as well. The
surrounding areas are generally fertile agricultural fields or herb-rich forests. A
belt of deciduous trees, often black alder, is typically found on these shores. In
addition to great nutrient input, the clayish soil also causes cloudiness to water
(visible depth <2 m, sometimes some decimetres). Humus input is moderate.
Shoreline vegetation is dense, with e.g., purple loosestrife (Lythrum salicaria),
swamp cinquefoil, cowbane (Cicuta virosa). Of sedges, slender tufted-sedge
and bladder sedge dominate, sometimes with bottle sedge. Aqutic vegetation is
abundant with several demanding species. Reed colonies may be very dense. In
addition, club-rush, horsetail or common bulrush may form wide colonies. Also
helophytic grasses thrive, most abundant being common water-plantain (Alisma
plantago-aquatica), arrowhead (Sagittaria sagittifolia), bur-reeds Sparganium
emersum or S. erectum, sometimes even yellow iris. The nympheid zone is well
developed, as well, and it may sometimes shadow elodeids, which otherwise
have great species diversity but rarely wide colonies. Isoetids are missing, but
sheltered places support pleustophytes.

Concerning aquatic birds, Southwest Finland clearly differs from other areas in
Finland: due to more favourable climatic conditions and eutrophicated lakes, the
birdlife is rich and many of the wetland bird species are mainly found in this area.
However, many northern species such as northern pintail, northern harrier, wood
sandpiper, common greenshank and ruff have survived only in very favourable
locations within the area. The density of bird lakes is higher than elsewhere in Finland.
The less eutrophicated larger lakes may support dense bird populations as well. (Rassi
1981).
Fish species thriving in lakes of Southwest Finland are presented in Appendix 4.
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3.3.3

Mires

Based on the National Forest Inventory field survey data (NFI9), mires cover ca. 18%
of the Reference area (all land cover classes and inland water bodies included), which
is less than in Finland in average (Hökkä et al. 2002). This classification includes
botanical mires and sites with peat layers. The division of NFI mires into depth classes
in Southwest Finland Forest Centre is presented in Table 3-6. According to these data,
geological mires (peat thickness >30 cm) would cover 70 % of the biological mire
area.
In western parts of the Reference area there are mainly mires of primary mire
formation origin (see Section 2.2). They have developed on flat clay areas and the
topography of the surrounding areas has played a minor role (Svahnbäck 2007). In the
eastern parts of the Reference area the mires are mainly small-sized. The mires in river
valleys and clay areas have usually had thin peat layers and high nutrient contents. Due
to their suitability for cultivation, they have been converted to fields. Along time, the
peat layers have completely disappeared and the origin can be detected only from
higher than average humus contents. (Mäkilä & Grundström 2008). Near the coastline
the mires are young, and therefore smaller and shallower than further inland.
According to the NFI9 data, 49 % of the mires in the reference area are spruce mires,
45 % are pine mires and 6 % are treeless mires. For comparison, 19 % of mires in the
whole Finland are treeless mires. These figures concern the botanical mires. The
nutrient levels, characterized by dominant vegetation, are presented in Fig. 3-4. Data
concern whole Southwest Finland Forest Centre (See Fig. 1-4). According to NFI9, 24
% of the remaining (not cultivated) mires in Southwest Finland Forest Centre were in
natural condition (Korhonen et al. 2000). Ditching has caused the thinnest peat layers
to disappear with time, improved tree growth and changed many treeless mires into
forested ones.
Birs species thriving in mires of Southwest Finland are presented in Appendix 4.
Table 3-6. Area of mires classified by peat thickness in Southwest Finland Forest
Centre (Korhonen et al. 2000).
Thickness of
peat, cm
–30
31–50
51–100
101–200
201–300
301–399
400–
All
Area, km2

Spruce mires

56.6
16.2
11.0
10.0
3.2
1.2
1.7
100
1107

Pine mires

16.8
11.4
13.1
20.4
16.3
6.4
15.6
100
1543

Treeless mires

% of habitat area
4.6
5.7
17.2
18.4
8.0
46.0
100
240

All

30.7
12.7
11.7
16.1
11.5
4.6
12.8
100
2889
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Figure 3-4. Trophy levels of spruce mires, pine mires and treeless mires in Southwest
Finland Forest Centre. Data from Korhonen et al. (2000).
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4

HUMAN ACTIVITIES

4.1

General aspects

In the Reference area, the human impact to both lakes and mires has been great and
temporally long (lowering and controlling the water levels of lakes, fishing, nutrient
load from agriculture, forestry and industry, peat harvesting, ditching of mires...) and
pristine reference objects are rare. Some major human actions are presented in the subsections below, to be used both when formulating different scenarios and as
background for the variation of parameters of reference objecs.
4.2

Forest management on mires

Forest management affects the target objects both directly (harvesting of wood from
forested mires, ditching and ditch cleaning of mires) and indirectly (increased runoff
and leaching of nutrients from mires and forests into nearby lakes).
The forest management practices on mires are diverse: from no treatment on treeless
peatlands to thinnings and regeneration cuttings on fully stocked drained mires or
pristine mires with thin peat layer. 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).
Finnish peatlands have undergone intensive draining during the 20th century,
especially between 1960 and 1980, mainly for silvicultural purposes. Nowadays,
mainly ditch cleaning and supplementary ditching are carried out. On the other hand,
some restoration has been carried out by filling in the ditches.
Peatland drainage mobilises nutrients and causes leaching to watercourses. The most
drastic effects are connected to initial ditching of pristine peatlands. Ditching deepens
the oxygen-rich layer of the mire, intensifying the aerobic microbial activity and
accelerating the decomposition of organic matter and mineralisation. Meanwhile, the
increased growth of tree biomass causes the trees to transpirate more and also packs
the surface layers of peat.
4.3

Agriculture

Peat soils have been in agricultural use for centuries. First, natural vegetation was
harvested as fodder. Later, mires have been cleared for cultivation. (Myllys 1996). In
principle, the mires taken for agricultural use have been eutrophic treeless fens,
eutrophic or herb-rich spruce mires or Carex-dominated pine mires (Kalliola 1980).
Especially in Western Finland also poorer mires have been converted into fields by
first drying and then alternatig between burning of the Sphagnum peat layers and
cultivation. Moderately decomposed hypnaceous Carex peats are naturally most
suitable for cultivation and undecomposed Sphagnum peats the least suitable.
However, the soil conditions can be improved by liming, fertilization, etc. (Myllys
1996, Valmari 1983).
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Lowering the lakes in order to get new fields for cultivation has considerably changed
the natural state of numerous lakes especially in Satakunta and also in Varsinais-Suomi
from the 1800s on. In addition, whole lakes has been dried and taken to agricultural
use. Nowadays, the main side effects of agriculture on watercourses are leaching of
nutrients and sediment from cultivated fields. Small and medium sized shallow lakes
situated on agricultural areas are generally loaded and most prone for eutrophication.
4.4

Harvesting of peat

Peat has for long been used as fuel or litter. Industrial production of energy peat started
in Finland already in the 1870s and it reached considerable extent in the 1940s.
Production for litter almost ceased in 1960s, but at that time use of peat for horticulture
gained foot. (Lappalainen 1996, Suoninen 1983). Majority of the peat production areas
in the Reference area are located in Satakunta.
Drainage and use of peatlands for peat production alter the quantity and quality of the
runoff flowing from the area. Higher quantities of suspended solids, organic matter,
nitrogen, phosphorus and iron are transported to watercourses from peat mining areas
than from unexploited areas. However, loading can nowadays be reduced with many
effective methods. For example, with a new excavation-drier peat production method
the nutrient, suspended solids and DOC loads can be under 1 % of corresponding to the
prevailing milling method (Silvan et al. 2010).
The effects of peat production on the water quality of lakes and rivers have been
significant especially in Karvianjoki watershed. Furthermore, in Lapinjoki, Eurajoki
and Laajoki watersheds, there are minor peat mining areas, which locally affect water
quality.
4.5

Water regulation and flood protection

The water levels and flows in many of lakes and rivers in Satakunta are regulated with
the help of dams, weirs or other structures connected to hydropower plants. Many of
the water regulation projects were done between the 1950s and 1970s in order to
reduce flooding, to produce hydropower, to facilitate water transportation, and to
improve the water supply. In Satakunta, the most remarkable changes took place in
Karvianjoki watershed. More recently, water regulation systems have been developed
to satisfy various water users, since nature conservation and recreational values have
become more important.
4.6

Waste waters

Pollutant loads from industry, municipal wastewater treatment plants and fish farms
have been effectively reduced in Finland. However, diffuse loads from farmland,
managed forests and scattered rural settlements have proven to be much more difficult
to curb. (www.ymparisto.fi).
The diffuse load from houses not connected to centralized sewerage system accounts
for about 10 % of all of the anthropogenic phosphorus emissions to waters in Finland
and are the second largest source of phosphorus emissions overall after agriculture.
The Onsite Wastewater System Decree (542/2003) stipulates that at least 90 % of the
organic material (BOD7) should be removed from wastewater, as well as >85 % of
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total phosphorus and >40 % of total nitrogen with regard to the person equivalent load
defined in the Decree. The onsite systems must in most cases be upgraded to fulfill the
new standards by 2014. (www.ymparisto.fi).
4.7

Nature protection

The first National Parks and Nature Reserves in Finland have been established as early
as in 1938, and a Development Programme for National Parks and Nature Reserves
was created in the 1970s. After that, the emphasis has been on specific nature types,
such as mires, groves etc. The programmes concerning Southwest Finland Regional
Environment Centre are presented in Table 4-1. Of the programmes, the Development
Programme for National Parks and Nature Reserves has succeeded best. Most lacking
is the Waterfowl Habitats Conservation Programme (many areas not yet established).
In addition to the official protection programmes, some private nature protection areas
have been established. (www.ymparisto.fi).
The most significant bird lakes in the Reference area are included in the Waterfowl
Habitats Conservation Programme. Most of them have been lowered long ago, after
which their natural state has varied. The surrounding swampy areas may also have
been drained, which has maintained the disturbed status of the land. Lately, restoration
projects of bird lakes have been initiated on some sites, for example in lakes Otajärvi
and Puurijärvi.
Planning has not been able to keep up with the building-up of coasts of barren,
undisturbed lakes. Cottage owners have nevertheless become significant preservers of
the natural state of their nearby lakes, for example in Lake Isojärvi in Pomarkku–
Siikainen and Lake Karhijärvi in Lavia. The most noticeable lake environment is Lake
Pyhäjärvi in Säkylä. Lakes Poosjärvi and Kivijärvi, two strongly flooding barren route
lakes in Karvianjoki river system, are also worth mentioning. Barren lake environment
is also included in the suggested nature reserves around lakes Pinkjärvi and Joutsijärvi.
Table 4-1. Main nature protection programmes in the Reference area
(www.ymparisto.fi).
Programme
Programme for the Development of National Parks and Nature
Reserves
Mire Conservation Programme
Waterfowl Habitats Conservation Programme
The National Esker Conservation Programme
Herb-Rich Forest Conservation Programme
Shore Conservation Programme
Programme for the Protection of Old-Growth Forests

Year/s
1978

Amount of regions
7

1979/1981
1982
1984
1989
1990
1996

57
43
12
66
13
34

There have been mire areas within the earliest National Parks and Nature Reserves. In
the 1950s, e.g. the Vaskijärvi and Häädetkeidas Nature Reserves were established as
substitutes to areas lost in Eastern Finland, but the main objective was to preserve
natural mires for research purposes. In Finland, the need to protect mires rose to public
awareness in the 1960s due to intensified draining of mires, though already in the
1930s mire scientists pointed out that rich fens were rapidly disappearing. The Mire
Conservation Year 1976 gave much publicity to the mire problematics and the Mire
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Conservation Programme was launched in the early 1980s. Mires have also been
included in more recent conservation programmes, and the establishment of the Natura
2000 network made one more significant contribution to the conservation of mires.
(www.ymparisto.fi, Kaakinen & Salminen 2008). There are 179 areas belonging to the
Natura 2000 network within the Southwest Finland Environment Centre, covering
almost 250,000 ha (of which 185,000 ha is water). (www.ymparisto.fi).
4.8

Restoration of lakes and rivers

Human actions have increased eutrophication and sped up sedimentation of lakes, for
as much as ten times over the natural sedimentation. (Huttunen 1980). Eutrophication
may lead to the point that the natural bearing capacity of the lake is exceeded and a
lack of oxygen condition.
The condition of waterbodies in Satakunta is poorer than on average in Finland. The
natural characteristics and heavy use of water bodies cause a need for restoration acts.
Various restoration methods have direct and indirect effects on the chemical,
ecological and hydrological state of a lake. For example, dredging, external load
reduction, chemical treatment, aquatic plant removal, biomanipulation and water level
rising may have unpredictable influences on ecosystem level. The most popular
restoration methods performed in lakes in the Reference area are removal of aquatic
plants and dredging, which improve the usability of water bodies for recreational
purposes. There have been attempts to reduce the internal load by means of extensive
biomanipulation (e.g. lakes Pyhäjärvi and Köyliönjärvi) or by aerating of bottom water
(Lake Kakskerranjärvi). Chemical treatment has been used in a couple of lakes (e.g.
Lake Ilmiinjärvi). Water level rising has lately been performed or planned in lakes
Sääksjärvi and Puurijärvi and many other lakes. In addition to the direct restoration of
a waterbody, diminishing the external loads is part of every restoration project.
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Table 4-2. Examples of human activities and their effects to water bodies and mires.
Human activities

Forestry

Ditching

Clear cutting

Forest fires

Effects for water bodies and mires
o increased channel density, water flow, floods, erosion, harmful substances,
heavy metals, Fe, solids, nutrient leach, eutrophication, organic matter,
humus acids
o acidification

o
o
o
o

during the dry seasons water flow could be harmfully slow
increased nutrient leaching, solids, erosion
changes in hydrological cycle, flora and fauna and their habitats,
evaporation, micro-climate
increased nutrient leaching, organic matter leaching, erosion

o

changes in hydrological cycle, flora and fauna and their habitats,

o
o
o
o
o
o
o
o
o
o

evaporation, micro-climate
increased nutrients, solids, organic compounds, eutrophication
decreased oxygen content
hygiene deterioration
eutrophication (P, N)
harmful substances (e.g. fertilizers, pesticides)
solids, nutrients (P, N)
erosion/sedimentation
decreased oxygen content
silting
field erosion

o
o
o

deterioration of water quality, flora and fauna
eutrophication
decreased oxygen content

o
o
o
o
o
o

deterioration of recreation usage/areas
metal emission
silting
increased solids and organic compounds
increased nutrient load (P, N), solids, organic compounds and acid fulvo
acids, heavy metal loads (Fe)
changes in flora and fauna habitats

o

nutrient loads

Regulation of lake water
surface

o
o
o
o

changes in habitats of flora and fauna
more water-logging areas
deterioration of the water quality and quantity
changes in hydrological cycle

Changing the shape of
river channel

o
o

changes in water flow and retention times, hydrological conditions and cycle
increases/decreases erosion/accumulation

Changing river flow (e.g.
dams)

o
o

changes in water flow and retention time, hydrological conditions and cycle
increases/decreases erosion/accumulation

Sewage waters

Cultivation and

Agriculture

management

Sewage and waste
waters, metal industry,

Saw mills

production

Peat

Industry

mining activities

Ditching and drying

Maintenance activities

Fishery

Fish farming

Dredging
o
Removal of aquatic plants o

Restoration of bird
habitats

o
o
o

changing habitats of flora, fauna and fish, recreation areas and use
increased erosion and nutrient content, mixing of solids and nutrients in
bottom sediments, algal growth
decreased animal plankton habitats
threat for the quality and quantity of aquatic flora and fauna
overgrowth of lakes and bays
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5

DATA SOURCES

In addition to literature, plenty of GIS data and databases were studied within this
project and many licences acquired after considering costs vs. benefits. Many of these
data are of use for several other projects and the modelling work. Some useful GIS
data had already been obtained. Due to the vastness of this project, all useful data were
not acquired as yet, but their metadata were studied. These are then to be obtained and
analysed later, when needed.
Many of the lakes exist in the HERTTA database of Finnish Environment Institute, and
thus have relatively well arranged information (at least metadata). This situation is due
to the fact that the lakes have plenty of uses (water reservoirs, hydropower, irrigation,
fishing) and are important for the public (recreation) and flood control etc., as well.
Mires, as important as they are from the point of view of peat production, animals and
birds, global warming (greenhouse gases), and to a minor extent to recreation, have no
such register, but data exists in separate publications only.
The data at hand, its spatial and temporal accuracy, accessibility and how the data was
used in this report are presented in Tables 5-1 to 5-8, divided according to the
organization administrating the data. These organizations are presented briefly below.
Geological Survey of Finland (GTK/GSF)
The Geological Survey of Finland is Finland’s national geoscience agency. It carries
out e.g. geological mapping and data analyses. (www.gsf.fi). Most relevant data
possessed by GSF, from the point of view of this project, are presented in Table 5-1.
National Land Survey (MML/NLS)
National Land Survey of Finland produces and provides information on and services in
real estate, topography and the environment. It is responsible for Finland’s cadastral
system and general mapping assignments. (www.nls.fi). Most relevant data possessed
by NLS, from the point of view of this project, are presented in Table 5-2.
Finnish Environmental Administration (SYKE)
The Finnish Environment Institute is Finland’s national centre for environmental
research and development, and is also responsible for certain administrative tasks.
Regional Environment Centres also take care of the use, management and monitoring
of water resources. (www.environment.fi). Southwest Finland Regional Environment
Centre (SFREC) is the local actor in SW Finland. It must be noted that due to a reform
of regional State administration, which came into force on January 1, 2010, tasks of the
Regional Environment Centres were transferred to the Centres for Economic
Development, Transport and the Environment (ELY). Most useful data from the point
of view of this project are presented in Table 5-3.
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Finnish Forest Research Institute (FFRI/METLA)
The Finnish Forest Research Institute conducts research and generates research
information about forest nature and environment, and different uses of forests, as well
as about forestry and the forest cluster (www.metla.fi). Most relevant data from the
point of view of this project are presented in Table 5-4.
In addition to the presented data, several field experiments of the Finnish Forest
Research Institute are located in the Reference area. Published or unpublished data
from those experiments were not evaluated during this writing process. Greenhouse
gas (CO2, CH4, N2O) flux monitoring investigation from drained forested peatlands
started in 2007, and the closest monitoring site to the Reference area is located in the
municipality of Merikarvia. Permanent plots of NFI8 are used in the GHG
investigation (see e.g. Ojanen et al. 2010).
Mire studies (closest ones to the reference area) include e.g. fertilization and
hydrological experiments. One of the experiments consists of six small catchment
areas where runoff water have been monitored and sampled during 1999–2007. Study
has been focused on leaching of phosphorus, but also other element concentrations and
pH have been analysed (e.g. ICP, IC, FIA and DOC measurements). However, results
had not been published by the time of this study.
MTT Agrifood Research Finland
MTT Agrifood Research Finland is an expert body producing and disseminating
scientific research information in the fields of agriculture, food and environment issues
related to agriculture (www.mtt.fi). Most relevant data from the point of view of this
project are presented in Table 5-5.
Finnish Meteorological Institute (FMI)
The Finnish Meteorological Institute is a research and service agency providing
information about the atmosphere above and around Finland, for ensuring public safety
relating to atmospheric and airborne hazards and for satisfying requirements for
specialized meteorological products. (www.fmi.fi). Most relevant data from the point
of view of this project are presented in Table 5-6.
Finnish Game and Fisheries Research Institute (RKTL)
The main tasks of the Finnish Game and Fisheries Research Institute include assessing,
compiling statistics and predicting fishery and game resources and maintaining the
diversity of fish populations (www.rktl.fi). Most relevant data from the point of view
of this project are presented in Table 5-7.

Table 5-1. Applied and available data by Geological Survey of Finland.
Data

Use

Spatial acc.

Temporal acc.

Used/not used (why)

The accumulation rate of peat and carbon
(Mäkilä 2007)
The Geochemical Atlas of Finland:
Environmental chemistry – stream waters and
sediments (Lahermo et al. 1996); 29 elements +
some other analyses of waters
Ground water database
o Forest springs (Lahermo et al.
1990)
o Well data (not available)

Knowledge about processes and parameter values

Only studied mires

Used

Intersection of these data would be useful for the
models; parameter distributions would also be captured

1 sample/300 km

One-time study; tells
about history
One-time study, 1990

Detect existing sites, describe regional properties

One-time study, 1978–82

Obtained during the study,
used in BSD-2009

The geochemical Atlas of Finland, part 2: Till
(Koljonen, ed. 1992); basal till, ca 0.7 m, <0.06
mm fraction, ca. 38 elements
Till at regional scale (Salminen, ed. 1995); Chorizon under GW-table, <0.06 mm fraction, ca.
25 elements
Maps of Quaternary deposits/parent material
maps; surface type and type at 1 m depth
separately
Land uplift data

General description of the Reference area

1 sample/50 km ; at
regional scale
sampled as part of
mapping of Quat.
deposits.
2
1 sample/300 km

One-time study, 1984

Used

One-time study, 1983–91

Used

Studies started in 1972

Used

Peat survey reports by municipalities

General description and parameter values for whole
mires

Only studied mires
(minimum size 20 ha)

Peat study points; field-, depth- and laboratorymeasurement types

Obtain spatially better allocated data for separate study
points within the mires

Bedrock map

Properties of discharge areas; properties of near
surroundings of lakes, springs and mires

Only studied mires;
point density typically
3–6 points/ha
Vector 1:100 000

Rock geochemical database of Finland, total
concentrations of 54 elements

General description of the Reference area

2

2

2

1 sample/4 km

Determine properties of discharge areas. Coarse
distinction between dominant peat types of mires.

Vector 1:20 000

Creation of regional land uplift raster

1 sample/30–120 km

Studies started in 1940s,
in a more standardized
manner in 1970s
See above

Mapping started in 1948;
annually a few map
sheets are added to the
database
2

Not used; was not yet
available
Used

Obtained during the study for a
sub-set of mires, used in BSD2009
Not used in this report; was
not yet acquired

Not used in this report; was
not yet available
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Used together with soil map --> geochemistry of the
discharge area

Obtained during the study,
used in BSD-2009

Table 5-2. Applied and available data by National Land Survey.
Use
Land cover types surrounding target areas

Spatial acc.
Vector 1:5000–1:10
000

Digital elevation model, 25 m pixel

Delineate discharge areas, get isolation time points in
GIS

Digital elevation model, 10 m pixel

See above

Raster map with 25 m
pixel, created by
interpolation from
altitude measurement
points, vertical step 10
cm, vertical acc. ~1.8
m
See above, except
pixel size 10 m and
vertical accuracy ~2 m

Digital elevation model from Airborne Laser
Scanning data

See above

Raster map with 2 m
pixel, vertical acc. ~30
cm.

Temporal acc.
Was created in 1992 by
digitalizing the 1:20 000
base maps, for which
data collection had
started in 1947. Roads
are updated annually,
other elements at 3–10
year intervals
Generated from data
described above

Used/not used (why)
Used

Has been produced since
2001 along with updating
of Topographical map
database
Production started in
2008

Not used; was not yet acquired

Used

Not used; was not ready
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Data
Topographical map (database)

Table 5-3. Applied and available data by Finnish Environmental Administration.
Use
Parameter values

Hydrology and water resources management
data system HYDRO
Countrywide watershed simulation and
forecasting system

Water level monitoring data
Localized data of hydrological cycles

Simulations in a 1 x 1
km grid

Flad survey by Southwest Finland Regional
Environment Centre (Sydänoja 2008)
Mapping of small water bodies: ponds, ditches,
streams (Kirkkala & Ikonen 1994)
Nature conservation areas

Existing sites

Only studied flads

Existing sites

Only studied
waterbodies
Vector 1: 20 000

CORINE land cover 2000
Discharge areas

Land cover types surrounding target areas
Delineation of Reference area ("natural borders"),
description of lakes
Existing species

Register of endangered species
A flood model for rivers Kokemäenjoki and
Uskelanjoki (with University of Turku/Petteri
Alho).
Diverse GIS data by SW Finland Regional
Environment Centre, e.g. vegetation maps

Potential pristine sites

Spatial acc.
Only studied lakes, a
lake may contain
several sampling
stations
Only studied lakes

25 m pixel
Vector 1: 50 000
Point data, accuracy
unknown

Temporal acc.
Data collection varies
from single dates to long
time series

Used

One-time study 2005–
2006
One-time study 1989–90
Updated once or twice a
year
Year 2000 state

Oldest data from 1940s

Processes, quantification

Description of reference objects, GIS analyses for
modelling other parameter values

Used/not used (why)
Used

Not used; currently the tools
for estimating nutrient loads
were being developed (test
sites Karvianjoki and Aurajoki)
Used
Not used; was used in BSD2009
Used
Used
Used
Not used
Not used

Varies

Varies

Not used, will be used in later
phases
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Data
Environmental Information System HERTTA,
including also lake register and PIVET register

Table 5-4. Applied and available data by the Finnish Forest Research Institute.
Data
NFI field plot data

Use
Tree and some peat parameter data (depth of
org. matter)

Spatial acc.
Only studied plots;
sampling density ca.
2
1/2.5 km

Temporal acc.
1921–

NFI forest variable GIS layers

Forest properties of reference peatlands;
forest properties of discharge areas

Data available from 1994 on,
nowadays updated every 3 years

Regeneration studies on mires

Knowledge of processes and parameter
values (initial development of tree seedlings
during 2nd tree rotation under intense human
impact)
Parameter values

25 m pixel, based on
satellite image-aided
classification using field
plots
Only studied mires

ICP Forests Level I (Permanent plots of
NFI8; more information in Derome et al.
2007)

Only studied sites

Founded in 1986–1998

Used/not used (why)
Data not obtainable by accurate
locations, very few plots on
mires, older data not in usable
form.
Data near Olkiluoto was acquired
earlier, whole Ref. area not: cost
vs. benefit
Not used: too short-time studies
so far

ICP Forests Level II (more information in Processes
Merilä et al. 2007, Saarinen & Kaunisto
1999)
Growth studies on drained mires
Processes

Only studied sites (2 on
peatlands in Ref. area)

Biosoil (permanent plots of NFI8)

Parameter values, processes

Only studied sites

Peat samples of SUO-program

Parameter values, processes

Only studied mires

Studies on Liesineva mire (Huikari 1959,
Ahti 1983, Hartman et al. 1996,
Kaunisto 1989, Kaunisto et al. 2002a, b,
Kaunisto & Sarjala 2003, Nieminen
2000, Paavilainen 1984, Rautjärvi et al.
2004, Saarinen 2002)
Studies on Häädetkeidas bog with its
surroundings (Koistinaho 2001, Kalpio
1996, Larmola 1997, Paasio 1933,
1935, Kärkkäinen & Siivonen 2003)
Fertilization studies

Parameter values (hydrology; fertilizerinduced leaching of phosphorus and
potassium from drained peatlands; nutrition,
Cs distribution, fertilisation, tree stand
measurements)

One location, two sites

Parameter values (vegetation coverage, bird
survey), processes (vegetation succession)

One location, several
sites

Bird survey 1993–1998, vegetation
studies 1931–2000

See above

Parameter values (response of tree stands
(growth, foliage chemistry, amount of
nutrients in peat) to nutrient application)

Only studied mires

Varies

See above

Only studied mires (12
experiments)
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Not used: not located on mires in
Founded 1986, crown condition
the Reference area.
survey annually, soil survey 1986–
1987, 1995 and 2006, needle
chemistry 1986–1987 and from 1992
on selected plots annually
1997–2007; measured once, annually, Data not obtained (yet)
every second or every fifth year
depending on the object
Tree stand experiments measured at
Not used: data was not yet
five years intervals during several
published
decades
1986–1987, 1995, 2006
Not used: not located on
peatlands
No used: too few points. So far
analysed 0–10 cm and 10–20 cm
layers, deeper layers stored for
later use.
Varies
Not used, data too detailed for
this approach, but will be used
later

Table 5-5. Applied and available data by MTT Agrifood Research Finland.
Data
Soil maps generated in co-operation with GSF
and FFRI by using available data sources:
o Chemical and physical properties of
surface soils (pH, CEC, clay fraction and
organic matter %, bulk density
o Soil profile, soil type
o Hydrology
o Physiography, hydraulic conductivity
o Land use from CORINE
o Airborne gamma-radiation measurements:
mires, paludified areas, clays, sulphide
clays

Use
Spatial acc.
More detailed data of soils in the reference area,
especially properties of mires and composition of
discharge areas

Temporal acc.

Used/not used (why)
Used

Table 5-6. Applied and available data by the Finnish Meteorological Institute.
Use
Variation of meteorological factors over the area
Variation of meteorological factors over the area

Spatial acc.
Temporal acc.
Data at weather station Long time series
level
Statistics at weather
1971–2000
station level

Used/not used (why)
Not used: cost vs. benefit
Used

Table 5-7. Applied and available data by Finnish Game and Fisheries Research Institute.
Data
Moose statistics (results for Olkiluoto are
nowadays reported annually in Working
Reports)
Wildlife triange census

Use
Parameter values (biomass of fauna)

Spatial acc.
At game management
association level

Temporal acc.
Annual statistics

Used/not used (why)
Not used; Olkiluoto data was
used in BSD-2009

Parameter values (biomass of small game animals)

Of the 1650 triangles
established in Finland,
ca. 800 are nowadays
monitored annually

Annual statistics, started
in 1988

Not used: not yet acquired

Recreational fish and crayfish statistics
(catches by species and method in sea and
inland waters)
RKTL Professional fishing on sea areas

Parameter values

Not used

Not used: focus was on lakes
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Data
Meteorological data from separate study
locations from long monitoring periods
Climatological statistics of Finland 1971–2000
(Drebs et al. 2002)

Table 5-8. Applied and available data from other data sources.
Data
WORLDCLIM climate factor raster layers

Use
Describe variation of climate in the Reference area

Spatial acc.
Interpolated from
weather station data
Only studied lakes

Temporal acc.
Averages of longer time
series are applied

Investigations and water protection projects by
Pyhäjärvi Institute
SATAMUTA project: the eutrophication history
of three lakes (Valkjärvi, Joutsijärvi and
Karhijärvi) has been investigated through
bottom sediments (Heikkilä 2007).

Describe reference lakes
Describe reference lakes; obtain information on
processes

Only studied lakes

Fish data of ELY and Kalatalouskeskus

Parameter values (species composition and biomasses)

Only studied lakes

Long time series

Bird monitoring data by local bird societies

Parameter values (species composition and biomasses)

Only studied sites

Long time series

Eronen et al. (1995): land up-lift studies and
literature list
Forest or vegetation inventories by
Metsähallitus

Isolation times, information on land uplift process

Only studied sites

Describe reference mires

Only mires
administrated by
Metsähallitus

Used/not used (why)
Used
Used
Used

Not yet used: to be obtained
for selected sites
Metadata from Satakunta
acquired, data to be obtained
for selected sites for BSD2011
Used
Used
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6

PROPERTIES OF GOOD REFERENCE SITES AND THE SELECTION
PROCESS

6.1

Lakes

The selected reference sites should be as similar as possible compared the sites which
will develop in the future at Olkiluoto area based on geological and biological history
and climate (Table 6-1).
Table 6-1. Forecast properties of the future lakes near Olkiluoto (Ikonen 2007; see
Fig. 1-1). Depth is the initial mean depth at the time of isolation.
Lake chain in Eurajoensalmi
Size, ha
Depth, m
Catchment area,
2
km

120
1.2

14
0.5

100
2.0

8.3

4.2

27.3

Star shaped
large lake SW of
Olkiluoto
420
3.7
47.0

Small lake
south of
Olkiluoto
2.1
19.0

Selecting of good reference lakes was problematic, since human actions have changed
practically all of the lakes in SW Finland (see Chapter 4). As stated in Section 2.1, the
natural development of a lake is towards shallower and later overgrown situation, but
human has significantly sped up the process.
The following parameters were considered most important in this approach:
x
size and shape
x
drainage area/watershed
x
degree of human impact
x
nutrient level
x
drainage/headwater/closed lake
x
distance from coastline
In the case of lakes, the selection process went as follows:
1. A set of most relevant lakes (109) was selected based on expert knowledge.
2. Parameter list was completed with information of the properties of these lakes
and of the studies performed on these lakes. HERTTA database was utilised.
3. An A0 map was produced containing all base map lakes of the area.
4. In the workshop on October 9, 2007 the pre-selected lakes were studied on the
A0 map, and a sub-set was selected based on lake properties.
5. The list was further fine-tuned; some were added and some removed, after
more information was collected concerning available data.
Section 7.1, Fig. 7-1 and Table 7-1 present the lakes selected for reference objects. The
objects were arranged according to their class in the Finnish application of EUs Water
Framework Directive. Within each class, the data were sorted according to their
elevation above the sea level. It is known, that the selection may be based on slightly
biased data set: information has most often been collected when the lake has been
subject to a restoration project.
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Of these lakes, the following ones were selected for closer consideration:
x
Kakskerranjärvi (Turku)
x
Koskeljärvi and Suomenperänjärvi (Eura)
x
Köyliönjärvi (Köyliö)
x
Lutanjärvi (Eurajoki)
x
Mustalahti (Pori)
x
Otajärvi (Laitila)
x
Pinkjärvi (Luvia)
x
Poosjärvi, Kivijärvi and Lampinjärvi (Noormarkku)
x
Särkijärvi (Laitila)
x
Tuurujärvi and Joutsijärvi (Ulvila)
x
Valkjärvi (Pomarkku)
For these, the watersheds were calculated and maps showing the extent of the lake and
the watershed, the surrounding topography, soil types and major landscape elements
were drawn. These are presented in the context of each object of this sub-set.
6.2

Mires

The paludification process following the last ice age has to a great extent depended on
the climate conditions. As stated in Section 2.2, a major part of the mires on the coastal
area of Finland have their origin in direct paludification of a coastal swamp emerged
from a sea (primary mire formation). These mires have grown first vertically and then
laterally, expanding themselves to surrounding mineral soil forests. Lateral growth
may have occurred due to the changes in topography (slopes), as well. The
paludification of present large mire areas is due to secondary mire formation, as well,
i.e., paludification of forest soils after a rise in ground water level, or overgrowing of
lakes. The latter has been more common during dry climate periods. All previous
factors may have played a role in the development of a single mire.
In future, the amount, size and location of new mires thus heavily depend on climate
and its expected changes: the humidity (relation of precipitation and evaporation) is the
most important single factor regulating the development of mires. In case of warm and
moist summers, the mires will mainly develop from flads and glos being separated
during the land uplift process, as well as the overgrowing of existing ponds and lakes,
whereas the primary mire formation will be of secondary importance. The changes in
climate affect the later development stages, and the rapidity of the succession from
aapa mires to ombrotropfic raised bogs, as well. After the last glaciation, it could take
2,000 years before the ombrotrophic Sphagnum peat layers were developed, but
depending on the climate, the aapa mire stages may well be shorter.
In conclusion, there is no easy way to decide which mires most resemble the future
mires around Olkiluoto Island. Several development lines are possible, depending on
human activities, time period, climate, topography etc. All currently existing southern
mire types are probable, emphasis however on the current Reference area. Palsa mires
are not very probable, but already at the current climate conditions, aapa mires can be
found – according to some interpretations – by the edges of raised bogs, and will be
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among the diversity of types at some point of development from coastal mire to a
mature raised bog.
The following parameters were considered most important in this approach:
x
Stage of succession (from the first peat producing plants to 8,000–10,000 old
well developed mires; sea to land transect)
x
Size and shape (may be altered during time due to vertical growth)
x
Degree of human impact
x
Origin (primary mire formation, lake terrestrialization, paludification of
mineral soils)
x
[Nutrient level; is connected to succession and location within the concentric
bog (central plateau, rand, lagg)]
In the case of mires, it was noticed, that the laborious work under the mire surface
(profiles, chemical and physical properties) should be emphasized, since the vegetation
type and tree biomasses etc. can be relatively easily obtained. The most relevant data
sources were browsed manually due to the differing naming conventions, slightly
differing locations etc. The selection process went as follows:
1. In GIS, base map mires got a separate mark if
a. they contained GSF study points
b. a peat profile was available from some source (GSF survey report, soil
map interpretation sheet etc)
c. they were studied by Mäkilä (2007) or Korhola (1992)
d. they were either studied by Metsähallitus or were mire restoration
objects
e. they were present in the literature list by Eronen et al. (1995)
2. Mires with a peat profile and studied by Mäkilä, Korhola or Eronen were
selected. All Metsähallitus mires were selected as well, some containing a
profile and some not.
3. A supporting set was created from mires studied by FFRI. Some of these were
outside the original delineation of the Reference area, but were included
because of the long-term or otherwise usable studies carried out on them
(Häädetkeidas and Liesineva). The Reference area was adjusted accordingly.
4. Some mires were added in north and northeast area to balance the regional
coverage.
Section 7.2 and Fig. 7-21 present the mires selected for reference objects. The objects
were arranged based on their location above the sea level. As was the case with lakes,
the available data was biased in the way that there was more information on large,
deep, economically important mires than on the recently paludified ones by the
coastline.
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The following mires were selected for closer consideration:
x
Eurassuo (Eura)
x
Ilmiönsuo (Huittinen)
x
Isoneva (Pomarkku)
x
Isorahka (Laitila)
x
Jänessuo (Yläne)
x
Järvenrahka (Yläne)
x
Kontolanrahka (Pöytyä)
x
Lastensuo (Eura)
x
Murtamon Isosuo (Lappi)
x
Pesänsuo (Mellilä)
x
Rapakonneva (Ikaalinen)
For these, the B and C survey points of GSF were ordered, watersheds were calculated
and maps showing the extent of the mire and the watershed, the layout of the GSF
survey, the surrounding topography, soil types and major landscape elements were
drawn. These are presented in the context of each object of this sub-set.
6.3

Parameters

Current transport/ecosystem models employ a set of parameters, most important of
which are:
x
Geometry (generic properties, scale)
x
Water cycle and residence (water-soluble matters)
x
Sediments, suspended matter: balances, fluxes (poorly soluble matters)
x
Primary production ( food webs, biological cycle)
These were not limiting the search of parameters in this work. With more knowledge,
models may also be enhanced.
However, the modelling work employs distributions of parameter values, especially in
sensitivity analyses. While the variation of some values has almost no effect on the
results, some have a huge impact and their variation needs to be described carefully.
The trend-like variation should be captured with some example objects of each lake
and mire type. This would allow the trends to be transferred to other objects by
calibration. Variation should be described in all dimensions (time and space) and all
different layers.
In water bodies there is large annual, seasonal, daily and hourly variation of many
biological, chemical and physical parameters. The monitoring measurements are
typically targeted to winter and late summer. In some lakes there have been periods of
the length of some years of more frequent monitoring during open water season
(Pyhäjärvi, Isojärvi, Valkjärvi, Köyliönjärvi, and Joutsijärvi in the Reference area).
Vegetation and bottom fauna studies, however, are typically one time campaigns.
In mires e.g. the hydrological conditions and the fluxes of greenhouse gases differ
depending on the season.


The most important parameters of lakes and mires are listed in Appendices 5 and 6.
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7

MOST RELEVANT SITES ACCORDING TO THE STUDY

7.1

Lakes

Figure 7-1. Selected lakes shown on soil map by GSF. Lake Poosjärvi marks nearby
lakes Kivijärvi and Lampinjärvi, as well. Map layout by Antero Keskinen/Pöyry
Finland.

Table 7-1. Central properties of the selected reference lakes. WFD = Water Framework Directive classifiaction (see Section 2.1).
Id

Mustalahti
Lutanjärvi
Taipaleenjärvi
Kakskerranjärvi
Otajärvi
Särkijärvi
Kivijärvi
Turajärvi
Narvijärvi
Pinkjärvi
Poosjärvi
Kivijärvi
Lampinjärvi
Isojärvi
Köyliönjärvi
Koskeljärvi
Suomenperänjärvi
Inhottujärvi
Tuurujärvi
Joutsijärvi
Puurijärvi
Ilmiinjärvi
Valkjärvi
Karhijärvi
Kiikoisjärvi
Verttuunjärvi
Vehkajärvi

33.002.1.001
82.066.1.001
95.110.1.001
83.002.1.014
32.004.1.014
82.068.1.016
34.071.1.001
33.009.1.001
83.027.1.001
36.013.1.001
36.012.1.004
36.012.1.002
36.014.1.001
34.054.1.001
33.005.1.001
33.005.1.006
36.021.1.001
35.143.1.001
35.143.1.001
35.151.1.005
34.052.1.002
36.019.1.001
36.092.1.001
35.153.1.001
36.028.1.005
25.947.1.001

Size,
ha
40
81
163
456
111
48
253
407
280
350
53
82
3882
1250
657
122
450
140
1038
365
34
335
3335
424
153
193.2

Elevation
a.s.l, m
0
2.8
4.6
6.9
11.8
15.5
21.3
28.1
28.9
29.3
30.5
25.3
21.2
34.8
40.5
42.3
41.3
43
44.5
44.5
45.4
47.1
51.2
52.1
59.6
79.1
95.1

Depth mean/
max, m

Volume,
3
1000 m

Catchment,
2
km

2.5/6.5
1.2/2.5
6.38/15.5
1.22/5.5
2.16/3.8

640
992
10372
5787
2407

6.6
7.6
8.8
112
5.4
5.7

~2.0/2.8/6.5
2.42/7.23

11581
6762

18

2.9/10.2
2.6/12.8
1.2/3.2

113937
32574
7383

1750
129
74

0.8/2.3/3.0
2.17/6.49

3900
3382
22531

117
117

3.16/4.8
2.9/5.2
2.2/7.3
1.35/4.7
1.38/5.16
3.4/8

1070
9647
71709
5727
2117
6570

9.5

22
12

Drainage type
Drainage
Drainage
Drainage
Headwater
Drainage
Headwater
Drainage
Headwater
Drainage
Drainage
Drainage
Drainage
Headwater
Drainage
Drainage
Drainage
Drainage
Headwater
Headwater
Drainage
Drainage
Headwater

Type (VFD)

Mh
Vh
Mh
MVh
MRh
Mh
Mh
MRh
Lv
MRh
MRh
MRh
Mh
Mh
MRh
Lv
MRh
Mh
Mh
Mh
MRh
MRh

Watershed
Coastal area of the B. Sea
Lapinjoki
Coastal area of the Arcipelago Sea
Coastal area of the A. Sea
Coastal area of the B. Sea
Sirppujoki
Puttaanjoki–Velluanjoki
Eurajoki
Lapinjoki
Coastal area of the B. Sea
Karvianjoki
Karvianjoki
Karvianjoki
Karvianjoki
Eurajoki
Lapinjoki
Lapinjoki
Karvianjoki
Kokemäenjoki
Kokemäenjoki
Kokemäenjoki
Eurajoki
Karvianjoki
Karvianjoki
Kokemäenjoki
Karvianjoki
Kokemäenjoki
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7.1.1

Small and medium, low humic lakes (Vh)

Lake Kaskerranjärvi (Turku municipality; Coastal area of Archipelago Sea watershed )
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

6.9
163
6.4 (15.5)
10373
15
4 years
8.8

The narrow and long Lake Kakskerranjärvi (Fig. 7-2) is situated on the Kakskerta
Island. The lake is young: it was isolated from the Archipelago Sea for about 1,400
years ago, and became a lake about 100 years after isolation. Regionally the lake is
quite deep and the time of water delay is twice that of an average Finnish lake. There is
no main inlet, but five streams flow into the lake. Nowadays, the proportion of fields in
the catchment area is 27 %. In addition, some meadows are found in the coastal areas.
The water quality of Lake Kakskerranjärvi has been actively monitored since 1962. It
is classified as satisfactory; phosphorus and chlorophyll-a concentrations are typical
for an eutrophicated lake. In 1990 the first heavy cyanobacteria blooms were recorded,
and ever since cyanobakteria has been common. Nowadays, phytoplankton species and
biomasses are studied several times during the open-water period. Late-summer
phytoplankton biomasses and species composition have usually indicated eutrophy.
The near-bottom water layers have suffered from lack of oxygen during winters and
summers, which has led to release of nutrients from bottom sediments. This internal
load has further accelerated eutrophication. Low oxygen concentrations have been
successfully raised by aeration since 1987.
The bottom sediments have been studied several times in the 1990s and 2000s.
According to the studies, the sediments are very rich in minerals and the amount of
organic matter is low, which reflects the quality of the catchment area (mainly silt and
clay) and its sensitivity for erosion. Sulphid layers found in surface sediments of deep
areas reveal that the lake has suffered from occasional oxygen depletion in the 1990s
and 2000s.
Human activity has affected the water quality of Lake Kakskerranjärvi for centuries.
The lake has changed from oligotrophic to eutrophic and vice versa, depending on the
type of activities. Due to the slash-and-burn cultivation and heavy erosion of the soil
surface layers, plenty of nutrients were released to the lake till the 1200s. In the 1300s,
nutrient load decreased when rye cultivation started and cattle were kept in forest
pastures. Later, in the 1700s and 1800s, new agricultural land and cultivation methods
were established, and in the 1920s use of fertilizers started, which again raised the
nutrient levels. However, the greatest changes in nutrient levels have occurred since
the 1940s with increasing use of phosphate-rich fertilizers. Around 70 % of the nutrient
load coming from the catchment area originates from the cultivated fields, mainly from
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fertilizers. Furthermore, 15 % of nutrient load is estimated to originate from
settlements, and 15 % from silvicultural activities.
Due to dense roach, bream and small perch populations, Lake Kakskerranjärvi has
been biomanipulated during 1989–1999. Biomanipulation has been successful: in 2005
the fish stocks were studied and considered as healthy (the crayfish population was
sparse).
The lake shores are densely populated by permanent settlements and free-time
cottages.
Literature concerning Lake Kakskerranjärvi:
x

x

x

x

x

x

x

x

x

x

x

x

x

Aulio, K. 1981. Kakskerranjärven suurkasvillisuuden ekologinen tutkimus (in Finnish:
Ecological study on macrophytes of Lake Kakskerranjärvi). Lounais-Suomen
vesiensuojeluyhdistys. 15 p.
Karhima, A. 2005. Turun Kakskerranjärven viimeaikainen kehitys pohjasedimentin perusteella
tulkittuna (in Finnish: Recent development of Lake Kakskerranjärvi in Turku, based on bottom
sediment). University of Turku, department of geology. Pro gradu thesis.
Kauppinen, E. & Saarijärvi, E. 2006. Kakskerranjärven hapettoman sedimentin alueellinen
laajuus ja sedimentin kemialliset ominaisuudet (in Finnish: the extent and chemical properties
of of oxygen-free sediment of Lake Kakskerranjärvi). Vesieko. Stencil. 23 p.
Koivunen, S. 2008. Kakskerranjärven tarkkailututkimus vuonna 2007. Vuosiraportti (in
Finnish: Monitoring of Lake Kakskerranjärvi in 2007. Annual report). Lounais-Suomen vesi- ja
ympäristötutkimus Oy. 35 p.
Koivunen, S. 2009. Kakskerranjärven tarkkailututkimus vuonna 2008. Vuosiraportti (in
Finnish: Monitoring of Lake Kakskerranjärvi in 2008. Annual report). Lounais-Suomen vesi- ja
ympäristötutkimus Oy. 36 p.
Koivunen, S. & Räisänen, R. 2008. Kakskerranjärven tarkkailututkimus vuonna 2006.
Vuosiyhteenveto (in Finnish: Monitoring of Lake Kakskerranjärvi in 2006. Summary).
Lounais-Suomen vesi- ja ympäristötutkimus Oy.
Miinalainen, M. & Saarikari, V. 1990. Eläinplanktonlajisto, -biomassa ja -tuotanto
Kakskerranjärvessä vuonna 1989 (in Finnish: Composition, biomass and production of
zooplankton in Lake Kakskerranjärvi in 1989). University of Turku, department of biology.
Mäkilevo, S. & Tuominen, T. 1999. Kakskerranjärven ilmastuksen vaikutus alusveden ja
pohjasedimentin happipitoisuuteen (in Finnish: The effect of aeration on the oxygen
concentration of bottom-near water and bottom sediment in Lake Kakskerranjärvi). Turun
kaupungin ympäristövirasto.
Niukko, J. 2004. Kakskerranjärven vesimakrofyyttiselvitys (in Finnish: Inventory of aquatic
macrophytes of Lake Kakskerranjärvi). Turun ammattikorkeakoulu, kala- ja ympäristötalouden
koulutusohjelma. Stencil.
Oittinen, M. 1999. Kakskerranjärven hoitokalastussaaliit vuosilta 1989–1998 (in Finnish:
Catches of removal fishing in Lake Kakskerranjärvi in 1989–1998). Suomen kalatalous- ja
ympäristöinstituutti.
Räsänen, M. & Salonen, V-P. 1983. Turun Kakskerranjärven ravinnetila ja sen kehitys (in
Finnish: The state and development of nutrients in Lake Kakskerranjärvi in Turku). University
of Turku. Publications of the department of soil geology. Vol. 50.
Sairanen, S. 2007. Kakskerranjärven koekalastukset vuonna 2007 (in Finnish: Test fishings of
Lake Kakskerranjärvi in 2007). Riista- ja kalatalouden tutkimuslaitos. Evon riistan- ja
kalantutkimus. Stencil. 4 p.
Ylönen, O. 2005. Kakskerranjärven koekalastus ja -ravustus vuonna 2005 (in Finnish: Test
fishing and crayfishing of Lake Kakskerranjärvi in 2005). Lounais-Suomen kalastusalue.
Stencil. 6 p.
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Figure 7-2. Lake Kakskerranjärvi and its watershed. Background map and delineation of watershed: Topographic database by the
National Land Survey. Shades: digital elevation model by the same institute. Map layout by Pekka Hurskainen/Pöyry Finland Oy.
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7.1.2


Shallow, low humic lakes (MVh)

Lake Särkijärvi (Laitila municipality; Sirppujoki watershed)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth
3
Water volume, 1000 m
Shoreline length
Water delay
2
Catchment area, km (lake%)
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

15.5
111.2
2.2 (3.8)
2407
9.9
750 days
5.4 (21)

Lake Särkijärvi (Fig. 7-3) is shallow and subject to wind exposure. The water delay is
long, because of the small-sized catchment area. Agricultural fields cover 4 % and
forests 65 % of the catchment area, which includes a little lake, Lamminjärvi, as well.
Waters from Lake Lamminjärvi flow through Lamminsuo mire to Lake Särkijärvi. The
outlet is short and ends up to Lake Lukujärvi.
Water quality has been monitored during 1969–2007 and it is good. Oxygen conditions
in the lake are pretty good, and depletion has not been observed. The acidity of
inflowing water lowers the wintertime pHs; the buffering capacity against changes in
pH is weak. Water is quite clear, though some turbidity can be seen in the summertime,
probably due to algal blooms. Water colour refers to small amount of humic
substances. Nutrient and chlorophyll-a concentrations refer to meso-eutrophy.
Fish stocks in Lake Särkijärvi were studied in 2002. Observed species included roach,
whitefish, dace, pike, ruffe and perch. Perch was the most common species, with a
relatively large mean size (14 cm). Roach was most common measured as biomass.
Also crayfish was met.
In vegetation survey, altogether 55 species were met. The main helophyte species are
reed and bulrush (Typha latifolia). The main nympheids were yellow water-lily and
Sparganium gramineum. Of elodeids, rush (Juncus spp.) and pondweed species were
the most common. Also bottom species were met, e.g., water lobelia and Isoëtes spp.
European frog-bit (Hydrocharis morsus-ranae) was also seen.
The composition and nutrient levels of the bottom sediments of Lake Särkijärvi were
studied in 2002. The surface sediment was homogeneous fine or coarse detritus gyttja
all-around the lake. The redox-potential in the sediment was weak, which indicates a
possibility of internal load.
The external load to Lake Särkijärvi comes mostly from non-point sources. Forestry
accounts for 47 % of phosphorous and 63 % of nitrogen loads, and agriculture for 28 %
and 27 %, respectively. Most of the settlement in the catchment area is scattered and
only in free-time use. There is a public beach and a sauna on the shore of Lake
Särkijärvi, and the lake is of high recreational value.
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Literature concerning Lake Särkijärvi:
x

Uusiniitty-Kivimäki, M. & Vaarala, H. (eds.). 2003. Laitilan Luku- ja Särkijärven nykytila (in
Finnish: The present state of lakes Lukujärvi and Särkijärvi in Laitila). Southwest Finland
Regional Environment Centre. Stencil. Vol. 2003, no. 14, 84 p.

Figure 7-3. Lake Särkijärvi with its watershed. Background map and delineation of
watershed: Topographic database by the National Land Survey. Shades: digital
elevation model by the same institute. Map layout by Pekka Hurskainen/Pöyry Finland
Oy.
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7.1.3

Shallow, humic lakes (Mh)

Lake Taipaleenjärvi (Uusikaupunki municipality; Coastal area of Saaristomeri)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km (lake%)
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

4.6
81.4
1.2 (2.5)
992
6.4
220 days
7.62 (12)
-33 cm in 1965
6 (0.59, -)

Lake Taipaleenjärvi is young, very shallow and humic lake, with a relatively long
water delay. There are two small lakes in the eastern part of the catchment. There are
two main inlets, the bigger of which runs from these two lakes. The outlet runs to the
Bothnian Bay, located only two kilometres from the lake. Most of the catchment (56
%) is covered by forest, only 6 % is in agricultural use and 6 % is covered by mires or
flood meadows. There is also a remarkable amount of free-time cottages that allegedly
affect heavily the state of the lake.
The water quality has been monitored during 1973–2004 and it is satisfactory. There is
also a loading report available. Lake Taipaleenjärvi has been characterised as dysoligotrophic lake. It is said to be heavily modified compared to natural state. The water
quality has been observed 5 times during 1974–2001, completed with dense sampling
in 2002. Wintertime oxygen depletion may occur. Water pH is normally around 6. The
buffering capacity against pH changes is satisfactory. The nutrient and chlorophyll-a
concentrations refer to eutrophy. In some summers, blooms of cyanobacteria have been
observed, but not regularly. Since the lowering of water level in 1965 there has been no
common understanding of the correct water level, but it is monitored constantly.
On the northern and western, gently sloping shores, macrophyte vegetation is dense.
On the southern rocky shores of the lake, vegetation is poorer. In a vegetation survey in
2002, altogether 40 species were met. The main helophyte species is bulrush (Typha
sp.). The reedbeds are widest in northern parts of the lake, but species is more or less
common also elsewhere. Also club rush, Sparganium emersum, arrowhead (Sagittaria
sagittifolia) and common water-plantain (Alisma plantago-aquatica) are met. A chain
of nympheids circles the lake, the main species being yellow water-lily and
Sparganium gramineum. Elodeid species were rare. Some bottom species were found,
e.g., water lobelia (Lobelia dortmanna) and Isoëtes spp. One moss (Fontinalis
antipyretica) and some sponge species (Spongilla spp.) were also found.
The composition and nutrient levels of Lake Taipaleenjärvi bottom sediments were
studied in 2002. The surface sediment was homogeneous fine-detritus gyttja all-around
the lake. The redox-potential in the sediment was weak, which indicates the possibility
of internal load. In the sediment profile, marks of changes in the land-use within the
catchment can be observed at a depth of 12 cm.
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The fish stocks of Lake Taipaleenjärvi were studied in 2002. Roach, bream, white
bream, pike, ruffe, and perch were caught. Cyprinids covered 50 % of total biomass,
whereas 75 % of the individuals were perch. Also crayfish was met.
Despite of dense settlement on the shores, the black-throated diver breeds at the lake.
Literature concerning Lake Taipaleenjärvi:
x

Uusiniitty-Kivimäki, M. & Vaarala, H. (eds.). 2003. Uudenkaupungin Taipaleenjärven nykytila
(in Finnish: The present state of Lake Taipaleenjärvi in Uusikaupunki). Southwest Finland
Regional Environment Centre. Stencil. Vol. 2003, no. 15, 60 p.

Lake Otajärvi (Kodisjoki, Laitila and Pyhäranta municipalities; coastal area of the
Bothnian Sea)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth
3
Water volume, 1000 m
Shoreline length
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

11.8
456
1.2 (5.5)
5787
25
112
-50 cm in 1960s, +13 cm in 2004
26 (19, 6.7)
Almost completely included in Waterfowl Habitats
Conservation Programme, major part in Natura 2000
(SPA and SCI; FI0200031). (www.ymparisto.fi).

Lake Otajärvi (Fig. 7-4) is shallow and humic. It is a special combination of eutrophic
and overgrowing bird wetland and a barren lake. The inlet is River Kodisjoki, and the
outlet, River Ihodenjoki runs to the Bothnian Sea. The catchment area is mainly till,
with some small-scaled rock exposures. The main field areas are found around two
settlement centres by the lake. In the northwestern part there is a silting water area.
The water has deteriorated due to cleaning of the outlet river in the 1960s, when the
water level sank for over 50 cm. The water level was raised in 2004 by 13 cm to reduce
the invasion of vegetation.
The water quality has been monitored during 1962–2005. The lake suffers from lack of
oxygen and acidity during the winters. Water pH varies a lot because of acidic Litorina
Sea sediments, and the buffering capacity against changes in pH is poor. Salinity is
high for an inland lake. According to nutrient levels, the water is slightly eutrophic.
The vegetation’s role is significant in Lake Otajärvi. Northern parts are most eutrophic
with reed forming dense stands. Most common open-water species are bur-reeds
(Sparganium spp.), floating pondweed, Juncus supinus and yellow water-lily. In
midway of the lake, the shores are surrounded by reed and sedges, whereas in open
water, yellow and candid water-lilies, as well as floating pondweed, perfoliated
pondweed and the bur-reed Sparganium gramineum are met. On the rocky shore,
Isoëtes spp. can be found. In the southern part of the lake, macrophytes are mainly
nympheids (bur-reeds, pondweeds and yellow water-lily) and on the shores, yellow iris
is met.
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Zoobenthos community is most diverse and biomass largest in northern parts of Lake
Otajärvi. In those parts, the bottom is covered with mosses. Chironomids was the
biggest group; other important zoobenthos species were bivalves (Bivalvia spp.),
isopods (Isopoda spp.) and caddishflies (Trichoptera spp.)
Lake Otajärvi is a significant bird habitat, with many rare nesting species. Waterfowl
stock consists of a large amount of individuals and is extremely diverse. Several
threatened species are breeding at the lake, e.g. Eurasian bittern (Botaurus stellaris),
marsh harrier (Circus aeruginosus), common black-headed gull (Larus ridibundus),
Acrocephalus arundinaceus, Panurus biarmicus and Lanius collurio. Species of both
eutrophic and oligotrophic habitats are met. In 2002, a total of 14 species and 257
couples were breeding, the most abundant being coot, common goldeneye and rednecked grebe.
Fish stock of Lake Otajärvi was studied in 2005 and it consisted of perch, roach, pike,
tench, ruffe and bream. Total fish biomass was 170 kg/ha of which 50 % was roach
and 42 % perch.
In addition to the main conservation programmes, large parts of coastal areas and flood
meadows of Lake Otajärvi have been conserved by private owners. Free-time cottages
are concentrated in the barren areas outside the Natura 2000 area.
Literature concerning Lake Otajärvi:
x

x
x

x

x

x
x

x
x
x
x
x

Aalto, T. 1997. Otajärven vesi- ja rantalinnuston kehitys ja nykytila (in Finnish: The
development and present state of the aquatic and shore birds of Lake Otajärvi). Metsähallitus,
Luonnonsuojelujulkaisuja. Series A. No 83, 42 p.
Aalto, T. 1997. Otajärvi – huippukosteikko Varsinais-Suomessa (in Finnish: Lake Otajärvi – a
great wetland in Varsinais-Suomi). Ukuli. Vol. 2/1997, p. 42–46.
Kalpa, A. 2002. Otajärven kasvillisuus kesällä 2001 (in Finnish: The flora of Lake Otajärvi in
the summer of 2001). Southwest Finland Regional Environment Centre. Stencil. Vol. 2002, no.
10, 56 p.
Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.
Lindroos, R. & Matikainen, J. 2003. Otajärven linnustoselvitys 2002 (in Finnish: Bird survey of
Lake Otajärvi 2002). Southwest Finland Regional Environment Centre. Stencil. Vol. 2003, no.
2, 42 p.
Nyman, P, Ojala, V. & Rannikko, P. 2005. Otajärvi koekalastus 2005 (in Finnish: Test fishing
of Lake Otajärvi 2005). L-S kalatalouskeskus ry. Stencil. 12 p.
Otajärven Natura 2000 -alueen hoito- ja käyttösuunnitelma (in Finnish: Plan of management
and use of Otajärvi Natura 2000 area). 2007. Metsähallitus. Luonnonsuojelujulkaisuja. Series
C. No. 27, 84 p.
Otajärvi-työryhmän mietintö (in Finnish: Report of Lake Otajärvi working group). 1991.
Ympäristöministeriö, ympäristönsuojeluosasto. Työryhmän mietintö. Vol. 1991, no. 54, 54 p.
Otajärvityöryhmän mietintö (in Finnish: Report of Lake Otajärvi working group). 1983.
Ympäristöministeriö. 13 p.
Perttula, H. 1993. Otajärven kasvillisuus kesällä 1993 (in Finnish: Flora of Lake Otajärvi in the
summer of 1993). Turun vesi- ja ympäristöpiiri. Vol. 1993, no. 7, 34 p.
Perttula, H. 1996. Otajärvi. Southwest Finland Regional Environment Centre. 19 p.
Perttula, H. 2001. Otajärven vedenlaatu ja pohjaeläimistö (in Finnish: Water quality and bottom
fauna of Lake Otajärvi). Southwest Finland Regional Environment Centre. Stencil. Vol 2001,
no. 1, 23 p.
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Rautanen, H. & Högmander, J. 1977. Otajärven oudot hankkeet (in Finnish: Strange projects of
Lake Otajärvi). Suomen Luonto. Vol. 1977, no. 3, p. 213–215.
Rautanen, H. (ed.). 1979. Otajärven luonto ja merkitys (in Finnish: The nature and value of
Lake Otajärvi). Varsinais-Suomen luonnonsuojeluyhdistys. 64 p.
Rautanen, H. & Suoranta, A. 1991. Otajärven vesi- ja rantalinnusto vuonna 1990 (in Finnish:
The aquatic and shore birds of Lake Otajärvi in 1990). Turun ja Porin lääninhallitus.
Julkaisusarja. Vol. 91, no. 41, 11 p.
Waaramäki, T. 1932. Otajärvi. Maantieteellinen katsaus (in Finnish: Lake Otajärvi. A
geographical review). University of Turku, department of geography. 23 p.



74

Figure 7-4. Lake Otajärvi with its watershed. Background map and delineation of watershed: Topographic database by the National Land
Survey. Shades: digital elevation model by the same institute. Map layout by Pekka Hurskainen/Pöyry Finland Oy.
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Lake Turajärvi (Eura, Eurajoki and Lappi municipalities; Eurajoki watershed)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth
3
Water volume, 1000 m
Shoreline length
Water delay
Catchment area (lake%)
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

49.5
253
2.0 (3,6)
11.7 / 12,5
2

59 km (4.4)
Lowered in late 1800s and 1940s, raised in 2001

Lake Turajärvi is a shallow and humic lake. The main inlet is River Pietarinjoki and
the outlet is in the northern part via another river to River Eurajoki.
The water level of Lake Turajärvi has been lowered twice. In 2001, the water level was
raised by building a submerged dam. Before the rise, annual variation in water level
was 2 m and flooding was a remarkable problem. Now flooding has been mitigated and
the annual water level variation is as low as 0.5 m.
In the 1950s, massive ditching was carried out for silvicultural purposes. After
ditching, the fish stock collapsed, probably due to acid runoff waters. Cyprinids did not
recover until the 1990s. It is probable that ditching also increased the water colour.
The water quality has been monitored during 1967–2007. Water is turbid in the
summertime because of algal blooms. The chlorophyll-a concentration indicates
eutrophy. Nutrient concentrations (especially phosphorus) have been increasing during
past decades. Nowadays the phosphorus content indicates eutrophy and it is almost
double compared with natural level. Also nitrogen concentrations are high. The lake
has been suffering from lack of oxygen in some winters.
Vegetation has been studied in 1989 and 2006. Vegetation has become more abundant,
especially nympheids and shoreline vegetation. At the end of the 1990s, reed collapsed
in large areas because of muskrat. After the disappearance of muskrat population, reed
became abundant again. The low visibility of water limits the presence of benthic
macrophytes. Nympheids and elodeids are main groups of macrophyte community.
Main species are reed, club rush and Sparganium gramineum. These three species form
vegetation zones from shore towards open water. Between the two studies (with 17
year interval), reed and elodeids have remarkably enlarged their communities.
The fish stock of Lake Turajärvi was studied in 2006. Total number of fish species
observed was 6 (perch, roach, pikeperch, bream, pike and ruffe). Also burbot and tench
are known to exist. Cyprinids covered 58 % of biomass and predatory fish 26 %. Total
fish biomass was estimated to be 167 kg/ha.
The sediment was studied in 2006. It was homogeneous gyttja-clay around the lake.
Organic matter of the sediment was mostly well dissociated, which is due to good
oxygen conditions most of the year. Wintertime oxygen depletion can be seen as dark
sulphide stripes on sediment profile. On the basis of phosphorus analysis, it can be

76



seen that internal load occurs when oxygen conditions weaken. Another possibility is
that sediment has permanently lost the capacity to bind phosphorous.
Waterfowl communities have been inventoried in 2004.
There are 140 summer cottages and two public beaches on the shores. The local
residents founded the Turajärvi conservation association in 1984.
Literature concerning Lake Turajärvi:
x

x
x

Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.
Rauman seudun lintuharrastajat ry. 2006. Rauman seudun lintuatlas 2006 (in Finnish: Bird
Atlas of Rauma area).
Vaarala, H & Normia, T. (eds.) 2007. Turajärven tutkimuksia. Vedenlaatu, kasvillisuus,
kalasto, sedimentti. Koosteraportti (in Finnish: Investigations of Lake Turajärvi. Water quality,
flora, fish stock, sediment. Summary report). Publications of Pyhäjärvi Institute. 59 p.

Lake Narvijärvi (Lappi municipality; Lapinjoki watershed)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth
3
Water volume, 1000 m
Shoreline length
Water delay
Catchment area (lake%)
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

28.9
411
2.8 (6.6)
11960
21.4
2.8 years
2
20 km (0)

Lake Narvijärvi is quite shallow and humic lake with a long water delay time. Of the
catchment, about 35 % is covered with forest and 25 % with mires (drained for
silviculture). About 8 % of the catchment area is in agricultural use. The lake has three
important inlets and the outlet is via Narvinoja stream to River Lapinjoki. Agricultural
areas of the catchment are situated mainly by inlet streams.
The water quality has been monitored since 1960 and it is satisfactory. Phosphorus
content has been increasing and causing eutrophication, partly due to heavy ditching of
forests and mires in the catchment area. Water turbidity and colour have also increased
during past decades. In the wintertime, oxygen depletion is observed in the bottom
layer. Water quality of the inlet streams has been studied in 2003–2004. Stream water
quality varied a lot, but nutrient contents were high. The highest nitrogen content was
observed in the autumn and that of phosphorus in the springtime. The largest
phosphorus loads originate from agriculture and forestry, whereas of the nitrogen loads
32 % originates from deposition, 39 % from agriculture and 21 % from forestry.
The lake shores are densely populated and there are more than 250 free-time cottages.
Scattered settlement is one of the biggest nutrient sources, and in 2006–2007, an
overall waste water management plan was made. Earlier the lake was a water reservoir
for the UPM-Kymmene company, and it still has rights to regulate the water level by a
dam.
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The waterfowl stock consists of only few species and a small number of individuals.
Breeding species are black-throated diver, common and herring gulls, mallard,
common goldeneye, red-necked grebe and common sandpiper. The low number of
waterfowl species is caused by dense population at the lake shores and lack of suitable
places for breeding and feeding.
The fish stock of Lake Narvijärvi consists of roach (50 % of total biomass) and perch
(46 %). The stock is considered healthy as the proportion of predatory fish is high.
Zoobenthos in Lake Narvijärvi indicates eutrophy and lack of oxygen in the bottom,
and consists mainly of chironomids and oligochaetes. Zooplankton community
indicates eutrophy, as well. Species are few and the average size of individuals is
small. A strong roach stock in the lake affects the zooplankton heavily.
The phytoplankton biomass of Lake Narvijärvi indicates eutrophy and it has 2.5-folded
between 1989 and 2003 and even 4-folded since 1969. Lake Narvijärvi has turned from
oligotrophic to eutrophic in four decades. Gonyostomum semen is typical
phytoplankton species in the lake. Also diatoms and green algae were important
phytoplankton groups.
Vegetation expresses both eutrophy and local species-specific demands. Species differ
from soft-bottom species, e.g. water lilies and floating pondweed to hard-bottom
species e.g. water lobelia and alternate water milfoil.
The sediment is quite homogeneous all-around the lake. Organic matter is only weakly
dissociated. The total phosphorus content is pretty high, but that of easily dissolved
phosphorus low. Thus, the internal load in the lake is considered low.
Restoration projects have been going on since 2000.
Literature concerning Lake Narvijärvi:
x

x

x

Ansonen, J., Heinonen, J., Vaarala, H. & Paloheimo, A. (ed.). 2008. Narvijärven jätevesien
käsittelyn yleissuunnitelma (in Finnish: General plan for the treatment of waste waters of Lake
Narvijärvi). Publications of Pyhäjärvi Institute. Series C. No. 5, 44 p.
Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.
Salmi, P. (ed.). 2006. Narvijärven, Lutanjärven ja Kauklaistenjärven nykytila ja kunnostus (in
Finnish: The present state and restoration of lakes Narvijärvi, Lutanjärvi and Kauklaistenjärvi).
Southwest Finland Regional Environment Centre. Stencil. Vol. 2006, no. 1, 141 p.
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Lake Köyliönjärvi (Köyliö municipality; Eurajoki watershed)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

40.5
1250
3 (12.8)
32574
36.8
436 d
128.61
-20 cm in 1820, -70 to - 90 cm in 1938–1940
5 (146, -)
Waterfowl Habitats Conservation Programme, Natura
2000 (SCI and SPA; FI0200032). (www.ymparisto.fi).

Lake Köyliönjärvi (Fig. 7-5) is a shallow and humic lake, and it is situated in northsouth direction. In the catchment area the main mineral soil is till, with some sand and
gravel formations. The Eurassuo mire, containing and old landfill, intersects the
catchment area, as well as Lake Ilmiinjärvi in the north. The land cover of the
catchment area is mainly forests (50 %) and mires (~20 %). About 30 % of the
catchment is intensively cultivated and affecting strongly the nutrient load and water
quality of the lake. There are 26 small inlet streams of which Ketelinoja and Mustaoja
ditches are the largest. The outlet, River Köyliönjoki, runs to River Eurajoki.
In the beginning of the 1980s there were problems with the discharge dam and
regulation, and the official water level has not been confirmed. In 2007, a plan was
made to stabilise the current water level, and to raise the lowest and mean water levels
by about 10–15 cm.
The water quality has been monitored since 1959. It is classified as poor, and the lake
is suffering from eutrophication and water quality deterioration; the nutrient content is
very high, cyanobacteria are very common and there is lack of oxygen during the
winters. The internal nutrient load is intense due to bioturbation and high water pH in
the summertime. Nutrient and particulate matter load originates mainly from heavily
cultivated fields that are concentrated around the lake. Cultivation is mainly
concentrated on heavily fertilized plants. Earlier, a sugar factory (1953–1965) and a
dairy (1913–1974) discharged waste waters to the lake, whereas nowadays the main
point sources of nutrients to Lake Köyliönjärvi are fish farming (since 1964, to be
ceased after autumn 2010) and a waste water treatment plant.
Lake Köyliönjärvi is dominated by phytoplankton rather than macrophytes. The
phytoplankton community is dense and annual algal blooms are the main problem.
About 50 % of total phytoplankton biomass is cyanobacteria. Total phytoplankton
biomass and chlorophyll-a concentrations indicate hypertrophy. Of macrophytes,
helophytes and nympheids dominate. Elodeids and benthic species are absent.
The zooplankton community consists of only few species and the size of individuals is
small. Intensive fishing (1992–1999) had a temporary effect on zooplankton’s mean
size. In zoobenthos, chironomids are the main group.
The fish stock consists mostly of cyprinids. The fish stock is very dense and grows
extremely fast, being nowadays about 200 kg/ha. Especially for cyprinids, the
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individual growth is slow due to dense stocks. The biomass of predatory fish is only 2
% of the total fish stock.
Lake Köyliönjärvi has a long cultural history and belongs nowadays to conservation
programmes. The water is used for irrigation. There are more than 200 free-time
cottages around the lake. There have been efforts to improve the water quality since
1990.
Literature concerning Lake Köyliönjärvi:
x
x
x

x

x

x

x

x

x
x
x

x

Aro, S. & Karinen, U. 1986. Köyliönjärven pesimäaikaisesta linnustosta (in Finnish: Of the
nesting birds of Lake Köyliönjärvi). Satakunnan Linnut. Vol. 1986, no. 3, p. 118–122.
Helminen, H. & Louhesto, P. 2005. Köyliönjärven kalasto ja tila v. 2005 (in Finnish: The fish
stock and state of Lake Köyliönjärvi in 2005). Memorandum 4.10.2005. 2 p.
Itkonen, A. 1993. Köyliönjärven ravinnekierto ja pohjasedimentin laatu (in Finnish: The
nutrient circulation and state of bottom sediment of Lake Köyliönjärvi). University of Turku,
department of soil geology.Geocenter report. Vol. 8, 25 p.
Kalpa, A. 2001. Köyliönjärven Natura 2000 -kohteen (FI0200032) kasvillisuusinventointi (in
Finnish: Vegetation inventory of the Köyliönjärvi Natura 2000 object). Southwest Finland
Regional Environment Centre. 4 p.
Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.
Köyliönjärven virtausaukon lähiympäristön vesi- ja rantakasvillisuus (in Finnish: The aquatic
and shoreline flora of the nearby areas of the outlet of Lake Köyliönjärvi). 2002.
Tieliikelaitos/Turun tiepiiri & Suomen Luontotieto Oy. Vol. 2002, no. 19, 10 p.
Natura-arviointi Köyliönjärven pengertien virtausaukon laajennuksesta (in Finnish: Natura
evaluation of the extension of outlet of the dyke way of Lake Köyliönjärvi). 2002.
Tieliikelaitos/Turun tiepiiri & Suomen Luontotieto Oy. Vol 2002, no. 6, 16 p. + maps.
Paloheimo, A. 2007. Köyliönjärven tila ja kunnostus: Järven tila ja erilaisten
kunnostusmenetelmien soveltuvuus tilan parantamiseen (in Finnish: The state and restoration of
Lake Köyliönjärvi: The state of the lake and suitability of various restoration methods).
Publications of Pyhäjärvi Institute. Vol. 2007, no. B13.
Rintanen, T. 1996. Changes in the flora and vegetation of 113 Finnish lakes during 40 years.
Ann. Bot. Fennica. Vol. 33, p. 101–122.
Saarikari, V. 1993. Köyliönjärven eläinplankton vuosina 1992 ja 1993 (in Finnish: Zooplankton
of Lake Köyliönjärvi in 1992 and 1993). 2 p. + 6 figs.
Salonen, S. 1993. Poistopyyntisaalis, kalaston rakenne ja koko, sekä näkösyvyys ja veden
lämpötila 1992–93 (in Finnish: Catch of removal fishing, the composition and size of the fish
population and visible depth and water temperature in 1992–93). 10 p.
Sarvala, J. et al. 2005. Köyliönjärven veden laadun ja ekologisen tilan kehitys 1991–2004 (in
Finnish: the development of the water quality and ecological state of Lake Köyliönjärvi in
1991–2004). University of Turku, department of biology. 15 p.
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Figure 7-5. Lake Köyliönjärvi with its watershed. Background map and delineation of
watershed: Topographic database by the National Land Survey. Shades: digital
elevation model by the same institute. Map layout by Pekka Hurskainen/Pöyry Finland
Oy.
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Lakes Koskeljärvi and Suomenperänjärvi (Eura municipality; Lapinjoki watershed)

Figure 7-6. Lake Koskeljärvi seen from the northeastern corner (photo by Reija
Haapanen/Haapanen Forest Consulting on April 18, 2008).

Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km (lake %)
Major changes in water level
2

Number of islands (area km , shoreline km)
Nature conservation

Koskeljärvi
42.3
657
1.2 (3.2)
7383
31
200 days
74.8 (0.8)
-120 cm around 1850, altogether up to -200 cm in 1800s
and 1900s. +30 cm in 1991.
Natura 2000 (SCI and SPA; FI0200097).
(www.ymparisto.fi).

Lake Koskeljärvi (Figs. 7-6 and 7-8) is a shallow, overgrowing and humic lake with a
labyrinthine shape. It can be divided into three mutually differing parts. The water
delay time is quite long. The soils of the catchment area are mainly till and peat, with
some rock exposures. The main land covers of the catchment are forests (58 %), mires
(20 %) and agricultural fields (12 %). The lake has 11 inlet streams, the main inlet
being River Välijoki and the outlet River Hinnerjoki. The lake is regulated with a dam.
The water level has been significantly lowered during the 19th and 20th centuries, and
risen in 1991, after which the succession and the state of the lake have been monitored.
As a result of water level rise, the annual variation of water level has been smaller,
which has reduced erosion on the shores.
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The water quality of Lake Koskeljärvi has been classified as good. Due to the
shallowness, the lake is overgrowing and has suffered from a lack of oxygen during the
winters. After the water level rise in 1991, the oxygen problems have been smaller.
Water alkalinity has also improved. Nutrient and chlorophyll-a concentrations have
lowered; in the 2000s the concentrations have been typical of mesotrophic lakes. The
amount of particles and water colour have decreased since the water level increase,
probably due to decreased erosion. Nutrient concentrations and water colour has been
clearly higher and pH-values lower in wintertime compared to the open-water season.
The vegetation is mesotrophic, which is explained by the shallowness and humus
content of the lake. Locally, some species indicating oligotrophy are met. As a result of
water level rise, the vegetation has changed a lot, and in some parts of the lake the
succession is still incomplete. The area covered with horsetail and nympheid
vegetation has increased.
There are no zoobenthos studies from time before the water level rise, but it is
supposed that the density and biomass have increased after the rise.
Lake Koskeljärvi is one of the most important bird lakes in Southwestern Finland. Bird
populations of the lake have been surveyed several times. After the water level rise,
changes in bird populations were studied systematically until 2003. The amount of
breeding couples reduced right after the water level rise, but recovered in a few years
to 500 couples. Since 1998, the amount has decreased again. The water level rise
changed the composition of the bird stock. Wide meadows and other vegetated areas
provide shelter and nesting places. The most plenteous aquatic birds are goldeneye
and mallard. Numerous red-necked grebe pairs nest in Lake Koskeljärvi, and common
sandpiper and common snipe are the most abundant waders. Nearly 20 nesting pairs of
cranes are observed annually. Many species, although few individuals, nest in the
waterfront forests (e.g., predatory birds and woodpeckers).
The fish stock was studied in 2002. At that time, roach, perch, ruffe, pike and crucian
carp were observed. Roach covered almost half of the total biomass and 65 % of
caught individuals, followed by perch (1/5 and 1/3, respectively). The biomass of
predatory fish was 31 % of total. The fish stock was considered healthy (140 kg/ha).
The water level rise reduced the share of crucian carp of the biomass (from 80 to 5 %)
and increased that of perch and roach (from 20 to 70 %).
The shores of the lake are free from settlement.
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Figure 7-7. Lake Suomenperänjärvi seen from the bird tower on its NW corner (photo
by Reija Haapanen/Haapanen Forest Consulting on April 18, 2008).

Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

Suomenperänjärvi
41.3
122.3
- (-)
11.3

Waterfowl Habitats Conservation Programme, Natura
2000 (SCI and SPA; FI0200097). (www.ymparisto.fi).

Lake Suomenperänjärvi (Figs. 7-7 and 7-8) is shallow, very humic lake (MRh) and its
water quality is tolerable. Lake Suomenperänjärvi is located in the southern part of
Lake Koskeljärvi and these two lakes are connected by a narrow strait. Consequently,
Lake Koskeljärvi mainly determines the water quality of Lake Suomenperänjärvi.
Similar to Lake Koskeljärvi, Lake Suomenperänjärvi is also an important bird lake.
Literature concerning lakes Koskeljärvi and Suomenperänjärvi:
x

x

x
x

Haukioja, M. 1977. Koskeljärven säännöstelyhanke: esimerkki vesilain soveltamisesta (in
Finnish: Project for regulation of Lake Koskeljärvi: an example of application of the Water
Act). Suomen Luonto. Vol. 1977, no. 3, p. 216–218.
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1995 (in Finnish: The fish population of Lake Koskeljärvi in Eura after water level rise in 1992
and 1995). Southwest Finland Regional Environment Centre. Stencil. Vol. 96, no. 5, 25 p.
Hurme, T. 1979. Satakuntalaisia lintukohteita I: Koskeljärvi (in Finnish: Bird resorts of
Satakunta I: Lake Koskeljärvi). Satakunnan linnut. Vol. 1979, no. 3, p. 29–32.
Itkonen, A & Pitkäranta, R. 1994. Euran Koskeljärven rantasoiden kehityshistoria ja altaan
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Lampolahti, J. 1993. Euran Koskeljärven linnuston muutokset 1991–1993 (in Finnish: Changes
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Figure 7-8. Lakes Koskeljärvi and Suomenperänjärvi with their watersheds. Background map and delineation of watershed: Topographic
database by the National Land Survey. Shades: digital elevation model by the same institute. Map layout by Pekka Hurskainen/Pöyry
Finland Oy.
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Lake Puurijärvi (Kokemäki municipality; Kokemäenjoki watershed)

Figure 7-9. Lake Puurijärvi seen from the bird tower on the eastern side of the lake
(photo by Reija Haapanen/Haapanen Forest Consulting on October 11, 2007).
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

45.4
365
- (-)
15.4

Puurijärvi–Isosuo National Park in 1993, Natura 2000
(FI0200001 (SCI), FI0200149 (SPA)). (www.ymparisto.fi).

Lake Puurijärvi is very shallow with a mean depth of some decimetres. In the 1700s,
water was clear and the lake bottom hard, but heavy ditching and rapid forest clearings
during the 1800s stated a slow eutrophication process. Nowadays the lake is almost
completely overgrown by aquatic vegetation (Fig. 7-9). There is one inlet and one
outlet river (running to the River Kokemäenjoki).
The water quality has been monitored since 1974 and it is classified as tolerable. The
within-year variation of the water level is relatively large and therefore the landscape
of the lake also varies a lot.
Altogether 35 aquatic plant species have been observed in the lake. Hygrophytes
dominate the overgrown northern part. Bogbean is very common. The middle part of
the lake is dominated by club rush and nympheids (e.g. yellow water-lily).
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Lake Puurijärvi is one of the most remarkable waterfowl habitats in Finland. The
number of aquatic bird species is high and the bird fauna of flood meadows is diverse,
too. The lake is also an important grazing and resting place of migratory birds.
Restoration of Lake Puurijärvi started in 2007. The purpose is to raise the water level
and create open water areas by excavation.
Literature concerning Lake Puurijärvi:
x
x
x
x

x

x

x
x

x

x
x

x

x
x

x
x

x
x

Below, A. 2002. Puurijärven pesimälinnustoselvitys vuonna 2002 (in Finnish: Survey on
nesting birds of Lake Puurijärvi in 2002). 8 p.
Dahlman, M. 1997. Puurijärvellä levähtävän vesilinnuston selvitys 1997 (in Finnish: Survey on
birds using Lake Puurijärvi as resting site in 1997). Metsähallitus. 19 p.
Dahlman, M. 1999. Puurijärven linnustoselvitys 1999 (in Finnish: Survey on birdlife of Lake
Puurijärvi in 1999). 31 p.
Heinonen, M., Mikkola, M. & Södersved, J. 1994. Puurijärven-Isonsuon kansallispuiston
luontoselvitys 1993 (in Finnish: Survey on the nature of Puurijärvi-Isosuo National park in
1993). Metsähallitus. Luonnonsuojelujulkaisuja. Series A. No 26, 89 p.
Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.
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tutkimus (in Finnish: Qualitative and quantitative study on birdlife of Lake Puurijärvi in
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Lintutieteellisten yhdistysten liitto. 10 p.
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Restoration planning and birdlife of Lake Puurijärvi). University of Turku, department of
biology. 35 p.
Lehikoinen, E. & Perttula, P. 1990. Puurijärvi ennen, nyt ja tulevaisuudessa (in Finnish:
History, present and future of Lake Puurijärvi). Satakunnan linnut, Vol. 1990, no. 4, p. 171–
186.
Lehikoinen, E. 1977. Kokemäen Puurijärven kasvillisuus ja linnusto (in Finnish: Flora and
birdlife of Lake Puurijärvi in Kokemäki). Vesihallitus. Tiedotus. No. 127, 188 p.
Nuotio, K. 1997. Puurijärven kasvillisuus kesällä 1996 (in Finnish: Flora of Lake Puurijärvi in
the summer of 1996). Southwest Finland Regional Environment Centre. Stencil. Vol. 97, no. 3,
32 p.
Nuotio, K. 1998. Puurijärven kasvillisuus koeuoman vaikutusalueella vuonna 1997 (in Finnish:
Flora of Lake Puurijärvi in the range of the test channel in 1997). Southwest Finland Regional
Environment Centre. Stencil. Vol. 98, no. 3, 19 p.
Perttula, H. 1998. Puurijärven tila ja kunnostustarve (in Finnish: The state and restoration needs
of Lake Puurijärvi). Suomen ympäristö. Vol. 250, 97 p.
Perttula, P. 1993. Kokemäen Puurijärven linnusto ja tila alkukesällä 1993 (in Finnish: The
birdlife and state of Lake Puurijärvi in Kokemäki in the early summer of 1995).
Tutkimusraportti Turun vesi- ja ympäristöpiirille. 12 p.
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Lake Valkjärvi (Siikainen and Pomarkku municipalities; Karvianjoki watershed)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth
3
Water volume, 1000 m
Shoreline length
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

51.2
335
2.9 (5.2)
9647
17.5 (25.4 islands included)
2.5–3.5 a
9.5
-1 m in 1860s and 1900s
42 (15.9, -)

Lake Valkjärvi (Fig. 7-10) is a shallow and humic lake. The catchment area is quite
small in relation to the lake. The soils of the catchment are mainly till with some rock
exposures and peat. There is also a paludified lake. The main land cover is forest; the
amount of agricultural fields is only 3%. Today the water level is relatively high due to
a beaver dam. The lake runs via a ditch to River Pomarkunjoki. Wide forest cuttings
and draining were carried out in the catchment area in the 1960s and 1970s.
Lake Valkjärvi has earlier been one of the clearest lakes in the Satakunta region. Its
water quality has been monitored since 1969. During the last years the water quality
has deteriorated, there have for instance been algal blooms, and the quality is now
satisfactory. Regular floods in spring and autumn have caused silting to the water from
the catchment area. In addition, water pH has decreased due to forest draining and
humic and acid water runoff. The nutrient concentrations refer to meso-eutrophy.
Gonyostomum semen is common in phytoplankton and it affects chlorophyll-a
concentrations, which indicate eutrophy. The total phytoplankton biomass varied
between 2.1 and 16.7 mg/l in 1996 and the number of observed taxa between 63 and
79. Most of the biomass in the midsummer were cyanobacteria and Chrysophyceae,
and later in the autumn Gonyostomum semen. In the 1996–1997 survey, the
zooplankton biomass varied between 44 and 273 μg/l C. The most remarkable species
were Daphnia spp., Chydorus spp. and Mesocyclops spp. The individuals were small,
indicating large planktivore biomass.
Fish community consists of at least the following species; perch, pike, ruffe, bream,
burbot, vendace, roach, brown trout, arctic char and carp. Also crayfish is met. Perch
and roach are the most numerous species.
According to a sediment study carried out in Valkjärvi, the lake sediment is dark,
organic matter-rich fine detritus gyttja. The isolation from a Litorina Sea bay into a
lake can be seen in the sediment properties at a depth of 140 cm. The low
sedimentation rate reflects low productivity and resuspension. The storage of
phosphorus in the sediment is exceptionally high and most of the phosphorus is bound
to organic matter. It is probable that the internal load is high due to resuspension.
The zoobenthos community consists mainly of chironomids (Chironomidae) and
oligochaetes (Oligochaeta). The biomass varied between 0.95 and 7.3 g/m2.
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The macrophyte vegetation composition of Lake Valkjärvi was studied in 1996. By
shoreline, flood meadow mires as well as rocky and bushy areas are characteristic.
Macrophyte vegetation covers the bays and open water area to a depth of 2 m. The
helophyte vegetation mainly consists of slender tussock-sedge and reed. Horsetails and
club-rush are present around the islands and in the northern parts of the lake. Of
nympheids, the main species are yellow water-lily and floating pondweed. Of
submerged plants, perfoliated pondweed, water milfoil and Canadian waterweed were
the main species. The isoetids lake quillwort (Isoëtes lacustris), water lobelia and lake
awlwort (Subularia aquatica) were observed around the lake near the shoreline.
The bird stock of Lake Valkjärvi was studied in 1997. In the survey, altogether 48
species were met. Gulls and common tern were common. Also black-throated diver,
red-necked grebe, tufted duck and teal were met.
There are more than 200 summer cottages around the lake, whereas regular settlement
is scarcer.
Literature concerning Lake Valkjärvi:
x

x

x

Heikkilä, K. 2007. Satamuta-hanke. Valk-, Joutsi- ja Karhijärven sedimenttitutkimukset.
Raportti vuosina 2006–2007 suoritetuista järvisedimenttitutkimuksista (in Finnish: Project
Satamuta. Sediment investigations of lakes Valkjärvi, Joutsijärvi and Karhijärvi. Report of lake
sediment investigations carried out in 2006–2007). University of Turku, department of
Geology, soil geology.
Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.
Turkki, H., Joensuu, E., Kirkkala, T., Lavinto, A., Mäkinen, S. & Siitonen, M. 1998.
Järviluonnon vaaliminen. Pomarkun/Siikaisten Valkjärven esimerkki. Osa I: Vesi. Osa II:
Kasvillisuus, linnusto ja maisema (in Finnish: Management of lake nature. Lake Valkjärvi of
Pomarkku and Siikainen as an example. Part I: Water. Part II: Flora, birdlife and landscape).
Suomen ympäristö. Vol. 247, 107 p. + app.
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Figure 7-10. Lake Valkjärvi with its watershed. Background map and delineation of
watershed: Topographic database by the National Land Survey. Shades: digital
elevation model by the same institute. Map layout by Pekka Hurskainen/Pöyry Finland
Oy.
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Lake Karhijärvi (Lavia municipality; Karvianjoki watershed)

Figure 7-11. Lake Karhijärvi seen from the eastern side (close to centre of Lavia;
photo by Reija Haapanen/Haapanen Forest Consulting on October 11, 2007).
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1,000 m
Shoreline length, km
Water delay
2
Catchment area, km (lake%)
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

52.1 (51.20–52.35)
3335
2.2 (7.3)
71709
75
162 (near) / 497 (upper) (8.7)

Partly in Waterfowl Habitats Conservation Programme.
(www.ymparisto.fi).

Lake Karhijärvi (Fig. 7-11) is large, shallow and eutrophicated. There are two inlet
routes. The outlet river runs to Lake Inhottujärvi.
The water quality has been monitored at 54 stations since 1964. The lake is heavily
regulated by a dam. The water quality is tolerable – the main problems are external
load, eutrophication and overgrowing. The lake suffers from wintertime oxygen
problems. Both nutrient and chlorophyll-a concentrations indicate highly eutrophic
conditions. The water colour and chemical oxygen demand values indicate humic
conditions. The main loads come from agriculture and settlement sewage.
The lake is a remarkable bird lake.
There are summer cottages and camping activities around the lake. Regular settlement
is common, as well.
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Literature concerning Lake Karhijärvi:
x

x

x
x
x

7.1.4

Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.
Lampolahti, J. 1990. Lausunto Lavian Riihonlahden ja Riihonlammen lintuvesiarvosta (in
Finnish: Statement of the value of Riihonlahti bay and Riihonlammi pond in Lavia as aquatic
bird habitat). University of Turku, department of biology. 6 p.
Riihonlahden kunnostussuunnitelma (in Finnish: Restoration plan of Riihonlahti bay). 1991.
Tampereen vesi- ja ympäristöpiiri. 18 p.
Salonen, V. 1998. Luontoselvitys rantakaavaa varten: Lavia 1997 (in Finnish: Nature
evaluation for shoreline plan: Lavia 1997). Ympäristösuunnittelu Oy. 9 p.
Savola, A. 1990. Riihonlahti-Riihonlammi -alueen linnustosta Lavian Karhijärvellä (in Finnish:
Of the birdlife of Riihonlahti-Riihonlammi area in Lake Karhijärvi in Lavia). Satakunnan
seutukaavaliitto. 37 p.

Shallow lakes rich in humus (MRh)

Lake Kivijärvi (Mynämäki municipality; Coastal area of the Archipelago Sea)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km (lake%)
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

21.3
48
- (-)
5.4
5.7 (8)

Lake Kivijärvi is a shallow lake rich in humus. Majority of the catchment is covered by
forest, only 8 % being in agricultural use. Ditchings carried out in the 1970s decreased
the catchment area.
Water monitoring has been carried out during 1973–2004. Water quality is satisfactory
and nutrient levels refer to eutrophy. The deeper water layers have suffered from lack
of oxygen during winters, and in summertime, as well. Cyanobacterial blooms have
occurred. Free-time cottages (about 40) have an impact on the nutrient loads to Lake
Kivijärvi.
According to the sedimentation studies, there are plenty of sulphide deposits in the lake
bottom – a clear indication of oxygen problems. The sediment was homogeneous
throughout the lake. Internal load in the lake is possible.
The macrophyte vegetation of Lake Kivijärvi indicates slightly eutrophic conditions.
The fish stock was studied in 2001. Roach covered 71 % of biomass and over 63 % of
the number of individuals. Perch was another common species. Also big individuals of
crayfish were met.
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Literature concerning Lake Kivijärvi:
x

x

Uusiniitty, M. (ed.). 2002. Mynämäen – Mietoisten Kivijärven nykytila (in Finnish: the present
state of Lake Kivijärvi in Mynämäki and Mietoinen). Southwest Finland Regional Environment
Centre. Stencil. Vol. 2002, no. 12, 48 p.
http:/www.mynamaki.fi/vesistot

Lake Lampinjärvi (Pori municipality; Karvianjoki watershed)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

21.2
82

11.7

Lake Lampinjärvi (Fig. 7-18) is a shallow lake rich in humus. It is mainly surrounded
by forests, with some fields. Here and there the shores are suspect to floods. The outlet
is River Lampinjoki running eventually to Bothnian Sea. The inlet comes from nearby
Lake Kivijärvi.
Water monitoring has been carried out during 1975–2005. The nutrient levels are
relatively high and the water quality satisfactory. Lack of oxygen occurs occasionally.
There are some free-time cottages along the shores.
Literature concerning Lake Lampinjärvi:
x

Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.

Lake Kivijärvi (Pori municipality; Karvianjoki watershed)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

25.3
53

9.4

Lake Kivijärvi (Fig. 7-18) is rocky, shallow and rich in humus. The inlet, River
Poosjoki, comes from Lake Poosjärvi. The outlet runs via a fall to the nearby Lake
Lampinjärvi. Water monitoring has been carried out during 1968–2005. The nutrient
levels are relatively high and the water quality satisfactory. The lake has remained in
quite a natural state, with no free-time cottages. European beaver is met in the area.
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Literature concerning Lake Kivijärvi:
x

Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.

Lake Pinkjärvi (Luvia and Eurajoki municipalities; coastal area of the Bothnian Sea)

Figure 7-12. Lake Pinkjärvi seen from the eastern side, Saukonniemi (photo by Reija
Haapanen/Haapanen Forest Consulting on November 25, 2009).

Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

29.3
280
2.42 (7.23)
6761.5
20.4 km

Partly in Natura 2000 (SCI; FI0200078).
(www.ymparisto.fi).

Lake Pinkjärvi (Figs. 7-12 and 7-13) is shallow and humic. The catchment area is
mainly covered by forests and ditched mires. The soils of the catchment area are
mainly till. The field area is minimal and there are no settlement centres in the
catchment area. There are several small inlets. The outlet ditch runs to the Bothnian
Sea. The lake is in quite a natural state partly because it is not regulated.
The water quality has been studied for 28 times between 1964 and 2005. The water
quality is tolerable and the water is brownish. Large amount of organic matter may
cause oxygen problems in cold and long-lasting winters, but a total deficit has not been
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observed. The nutrient concentrations refer to eutrophic conditions, but a large part of
the phosphorus is probably bound to humic substances and thus not available for
production. Chlorophyll-a concentrations refer to mesotrophic conditions.
Literature concerning Lake Pinkjärvi:
x
x

Kalinainen, P. 1995. Pinkjärven alueen vesikasvillisuusselvitys (in Finnish: Survey of aquatic
flora of the Pinkjärvi area). Metsähallitus. Länsi-Suomen puistoalue. 20 p.
Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.
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Figure 7-13. Lake Pinkjärvi with its watershed. Background map and delineation of watershed: Topographic database by the National
Land Survey. Shades: digital elevation model by the same institute. Map layout by Pekka Hurskainen/Pöyry Finland Oy.
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Lakes Joutsijärvi and Tuurujärvi (Ulvila municipality; Kokemäenjoki watershed)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

Joutsijärvi
44.5
840
1.9
16784

Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

Tuurujärvi

112.2

140
2.3 (3)
3384
0.67 years
4.6

Lakes Joutsijärvi and Tuurujärvi (Fig. 7-14) are shallow lakes connected by narrow
and shallow straits. Tuurujärvi can be considered as basin of Lake Joutsijärvi. The
catchment area of the lake complex consists mainly of till soils, with some hilly areas
and small mires. The catchment area is mainly covered by forests; agricultural fields
cover only ca. 3 %. The two main inlets account for 84 % of total discharge. The inlets
to Lake Tuurujärvi are small. Lake Joutsijärvi is in quite a natural state, but the water
level is regulated by a dam.
Extensive water monitoring has been carried out in Joutsijärvi since 1967 and in
Tuurujärvi since 1972. The water quality of both basins is satisfactory, there is
eutrophication and the water colour is brownish. There have been algal blooms in
many years. The phosphorus and humic levels of Lake Joutsijärvi are higher than those
of Lake Tuurujärvi. Lake Tuurujärvi has been a water reservoir for Pori since 1989
(21,000 m3/d). Before that, it was more oligotrophic than Lake Joutsijärvi. Nowadays
the water used from Lake Tuurujärvi is replaced from Lake Joutsijärvi. The oxygen
conditions and chemical oxygen demand have been stable for the past 15 years, but the
water colour has been slowly increasing. Also, the algal blooms have become more
common. There is no stratification of water in either of the basins due to shallowness.
Two sediment profiles of Lake Joutsijärvi were analyzed in 1999. In the sedimentation
bottom in the deepest part of the lake, the topmost 9 cm was brown lake gyttja,
followed by 9–20 cm of grey siltic lake gyttja with sulphide stripes after which the
bottom layer was plain grey siltic lake gyttja. In shallower area, the whole profile was
brown lake gyttja. The change in the profile at the depth of 9 cm indicates clearly a
change in sedimentation conditions some 30–40 years ago, probably due to drainings
carried out in the catchment area. The rate of sedimentation is considered 5–10 times
greater than in a natural humic lake.
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Phytoplankton was monitored in both lakes for 7 times in summer 1999. Altogether
149 taxa were recognised in Lake Joutsijärvi and 141 in Lake Tuurujärvi. In Lake
Joutsijärvi, the biomass varied between 0.41 and 6.4 g/m3 (mean 2.78 g/m3) and in
Lake Tuurujärvi the corresponding figures were 0.28 and 6.54 g/m3 (mean 2.42 g/m3).
Gonyostomum semen covered most of the biomass. The amount of cyanobacteria was
small, but a weak bloom was observed. Of the observed species, 22 (18 in Lake
Tuurujärvi) were indicators of eutrophy and 7 (5) indicators of oligotrophy, although
both lakes can be considered as mesotrophic.
Crustacean zooplankton was studied in both lakes for 7 times in summer 1999. In Lake
Joutsijärvi, altogether 19 species were observed: 13 cladoceran, 5 cyclopod and 1
copepod species (in Lake Tuurujärvi 18, 13, 4 and 1). Mean biomass measured as
carbon was 81 mg/m3 C (in Lake Tuurujärvi 70 mg/m3 C). The size structure indicated
low predation pressure for both lakes.
Test fishing was conducted in both basins in 1999 and 2001. Roach had the largest
biomass, and together with perch it accounted for 85–90 % of total biomass. Perch was
most numerous in Lake Joutsijärvi. Bream and bleak were more common in Lake
Joutsijärvi than Lake Tuurujärvi. In both basins also ruffe, whitefish, pikeperch, burbot
and pike were met. The pikeperch and whitefish stocks are dependent on stockings,
because natural breeding does not occur.
The lakes are valuable bird habitats.
Literature concerning lakes Joutsijärvi and Tuurujärvi:
x

x

x

Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.
Ojala, E., Salokangas, S. & Ojanen, M. 2002. Joutsijärven ja Tuurujärven
vesiensuojelusuunnitelma (in Finnish: Water protection plan of lakes Joutsijärvi and
Tuurujärvi). Pori, Porin kaupungin painatuskeskus. 59 p.
Salonen, S., Hellsten, P. Saarikari, V. & Vuorio. K. 2000. Joutsijärven ja Tuurujärven
vesiekologinen tutkimus (in Finnish: Water ecological survey of lakes Joutsijärvi and
Tuurujärvi). Satakunnan ympäristöntutkimuskeskus. University of Turku.
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Figure 7-14. Lakes Tuurujärvi and Joutsijärvi with their watersheds. Background map and delineation of watershed: Topographic
database by the National Land Survey. Shades: digital elevation model by the same institute. Map layout by Pekka Hurskainen/Pöyry
Finland Oy.
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Lake Kiikoisjärvi (Kiikoinen municipality; Kokemäenjoki watershed)

Figure 7-15. Lake Kiikoisjärvi seen from the graveyard's shore (photo by Reija
Haapanen/Haapanen Forest Consulting on October 11, 2007).

Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth
3
Water volume, 1000 m
Shoreline length
Water delay
2
Catchment area, km (lake %)
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

59.6
424
1.35 (4.7)
5727
17.5
11 days
93.4 (3.1)
9 (2, -)

Lake Kiikoisjärvi (Fig. 7-15) is shallow and its water delay is short. There are two
main inlets. The outlet runs via a river to Lake Sääksjärvi. In the northern part of the
lake, there is a graveyard situating in the steep slope of the lake shore.
The water quality is classified to tolerable due to turbidity, humic substances and
eutrophication. Water pH is a little acidic due to humic substances, but marks of
acidification have not been observed. The nutrient levels indicate eutrophy: the main
cause is considered to be external load from non-point sources (agriculture, forestry
and scattered settlement). The oxygen conditions of are generally good, mostly due to
the short water delay. Late in winter oxygen concentrations may decline in the deeps.
The drainage of another lake located upstream caused heavy siltation in the 1960s.
Lake Kiikoisjärvi is regulated by a dam at the outlet. The regulation practices were
changed in 2004 so that the low water level was raised by 20 cm.
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The fish stock was studied in 2001. The total number of observed species was 11:
roach, bream, white bream, bleak, perch, ruffe, vendace, smelt, burbot, pike and
pikeperch. Cyprinids covered 73 % of biomass and 65 % of the number of individuals.
The biomass of predatory fish was 14 % of total. A large amount of small cyprinids in
the fish stock is characteristic for Lake Kiikoisjärvi.
The main flora species are water horsetail and common reed. The open water area is
largely covered by these two species. Other important aquatic macrophytes are clubrush, bog arum and candid and yellow water-lilies.
The lake is quite an important bird lake. Typical species are common goldeneye, blackheaded gull, great crested grebe, coot, common gull and mallards.
There have been some restoration activities during 1980–2005. During recent
restoration projects in 2000–2005, mowing of vegetation and some specific dredgings
were conducted.
Literature concerning Lake Kiikoisjärvi:
x

x

x
x

Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.
Leppänen, S. 2003. Maanviljelysalueiden suojavyöhykkeiden yleissuunnitelma. Kiikoisjärvi (in
Finnish: General plan of the protective zones of agricultural areas. Lake Kiikoisjärvi).
Southwest Finland Regional Environment Centre. Stencil. Vol. 2003, no. 12, 24 p.
Rajala, T. 2002. Kiikoisten keskustan luontoselvitys 2002 (in Finnish: Nature survey of the
centrum of Kiikoinen in 2002). Kiikoinen community. 13 p.
Sydänoja, A. 2002. Kiikoisjärven koekalastukset vuonna 2001 (in Finnish: Test fishings of
Lake Kiikosjärvi in 2001). Southwest Finland Regional Environment Centre. Turku. 11 p.
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Lake Verttuunjärvi (Kankaanpää municipality; Karvianjoki watershed )

Figure 7-16. Lake Verttuunjärvi (photo by Lasse Aro/ Finnish Forest Research
Institute).

Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

79.2
153.3
1.4 (5.2)
2116.8
11.53
21.6

Lake Verttuunjärvi (Fig. 7-16) is shallow and eutrophicated. The main inlet is
Ruonanoja stream that runs to the east side of the lake. The outlet runs via a water
route connecting small lakes to River Karvianjoki.
The water quality has been observed for 37 times between 1969 and 2005. Water may
be described as humic and eutrophicated. Nutrient and chlorophyll-a concentrations
refer to eutrophy, and production can be seen in the rising pH in summers. Oxygen
deficit occurs in winters. About 40 % of the external load comes from cultivated fields.
Restoration actions have been taken, e.g. by removing aquatic vegetation, dredging and
ground dams. In the eastern part there is a small conservation area.
Aquatic macrophytes, birds, fish and sediments have been inventoried, but data was
not obtained by the time of this project.
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Literature concerning Lake Verttuunjärvi:
x

Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.

Lake Isojärvi (Pomarkku municipality; Karvianjoki watershed)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

134.8
3882
2.9 (10.2)
113 937
199.4
1750
-1 m in 1800s
292 (253, -)
-

Lake Isojärvi is the biggest lake in the North-Satakunta region. Its water delay is
considered short. The catchment area is large in relation to the lake area. The
catchment of comprises a total of 51 % of the whole Karvianjoki watershed. The
catchment is mainly covered by forests, mires and some agricultural fields. The lake
has three inlets and two outlets, of which River Merikarvianjoki dominates. Lake
Isojärvi consists of two ecologically different basins; the Isojärvi main basin and
Haudanselkä basin.
The water quality has been monitored since 1960. It has deteriorated in recent years
and has been classified as satisfactory. The water is brown-coloured due to humic load
from ditches within the catchment. Water pH is little acidic and the buffering capacity
against changes in pH is satisfactory. The nutrient contents indicate strong eutrophy.
The waters from one of the inlets, River Pomarkunjoki, strongly affect the water
quality due to relatively big discharge of the river and short delay of the lake.
The water level was lowered by about one meter during the 1800s. Since 1949 the
water level has been heavily regulated. The most recent decision of regulation is from
2004, when the lowest water levels were raised in order to enhance oxygen conditions
and recreational values.
Phytoplankton of Lake Isojärvi was studied in 2000 during the open water season. A
total of 252 taxa in the main basin, and 266 taxa in Haudanselkä basin, were
recognised. The corresponding mean biomasses were 5.3 and 2.3 mg/m3 C. In the main
basin, most of the total biomass was diatoms, the cyanobacteria being 2–16 % of the
total biomass. In the Haudanselkä basin, diatoms were the main group as well, but
Chrysophyceae were more common and cyanobacteria less common. Gonyostomum
semen was met in the whole area, but the bloom occurred earlier in the Haudanselkä
basin. The chlorophyll-a concentration and the phytoplankton species composition
indicate eutrophic conditions. A cyanobacterial toxicity test indicated hepatotoxicity of
mass blooms.
In a zooplankton survey in 1999–2000 only crustaceans were analyzed. A total of 11
species of cladocerans and 5 species of Cyclopoida and 2 species of Calanoida
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copepods were observed in the Isojärvi main basin. For the Haudanselkä basin, the
figures were 15, 5 and 2, respectively. In the Isojärvi main basin the average biomass
was 66 mg/m3 C, of which 48 % were cladocerans; in the Haudanselkä basin the
corresponding figures were 32 mg/m3 C and 23 %. The size structure indicated strong
predation pressure.
The bottom sediment of Lake Isojärvi was studied in 2000. Four units could be
distinguished in the sediment profile:
x
At depth 47–35 cm the sediment is homogeneous and humic.
x
At 35–12 cm the sediment is in worse state, strongly coloured by sulphide
stripes, and traces of fermentation can be seen. The humus content is lower than
in the deepest layer.
x
At depth 12–10 cm the sediment is totally different from other parts: light,
minerogenic and homogeneous without sulphide marks.
x
The top parts of the profile, 10–0 cm, are gyttja, slightly coloured by sulphide
stripes having marks of gas action.
Between different sampling areas, the top layers of the sediment varied only a little.
According to nutrient analysis, internal load is possible.
The macrophyte vegetation was studied in 2000 and it is typical of this lake type. Most
of the lake area is not vegetated at all or is scarcely covered with nympheids (e.g.
yellow and white water lilies, Potamogeton spp. and Sparganium spp.). The shores are
rocky and shore vegetation is mostly Carex acuta. Also water horsetail is common.
Vegetation is denser in the delta of River Pomarkunjoki, and in sheltered bays.
The zoobenthos community was studied in 2000 and altogether 36 taxa were observed.
Chironomids were the biggest group. Also Chaoborus flavicans, Hydrachnellae,
Anodonta cygnea and Pseudanodonta complanata were observed. The biomass of
zoobenthos (bivalves excluded) was 3.16 g/m2. According to chironomid index, Lake
Isojärvi is classified as eutrophic or slightly eutrophic.
The fish stocks of Lake Isojärvi were studied in 2000. Altogether 9 species were met:
roach (60% of biomass), perch (most numerous), pikeperch and ruffe being the most
common. Big predator species (such as pike and burbot) were absent, but these are
known to live in the lake. Test fishing showed indications of naturally breeding
population of both vendace and pikeperch.
The waterfowl community of Lake Isojärvi does not differ from other Finnish brownwatered lakes. The number of birds is low, and the value as a bird habitat is not
remarkable (despite black-throated diver). Common goldeneye was the most numerous
species.
There are plenty of free-time cottages and regular settlement around the lake. The lake
is one of the most important fishing lakes in the River Karvianjoki watershed.
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Literature concerning Lake Isojärvi:
x

x

7.1.5

Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.
Salonen, S. (ed.), Joensuu, E., Lampolahti, J., Nuotio, K., Saarikari, V., Salokangas, S.,
Valpola, S. & Vuorio, K. 2002. Pomarkun-Siikaisten Isojärven tilan perusselvitys (in Finnish:
Study on the baseline conditions of Lake Isojärvi in Pomarkku-Siikainen). Pomarkku
community. 90 p.

Lakes of very short residence time (Lv)

Lake Poosjärvi (Noormarkku municipality; Karvianjoki watershed)

Figure 7-17. Lake Poosjärvi seen from the fishing cottage on the southern side of the
lake (photo by Reija Haapanen/Haapanen Forest Consulting on October 11, 2007).

Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

30.5
350
1.6 (-)
36.8

Heavily lowered during 1800s, +60 cm in 1998
Numerous small islets
Natura 2000 (SPA; FI0200034). (www.ymparisto.fi).

Lake Poosjärvi (Figs. 7-17 and 1-18) is of short delay type. The catchment is very
large, but it is difficult to determine the total area of the catchment. The lake gets most
of its water from Lake Isojärvi via a river. However, Lake Isojärvi has another outlet,
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as well, running to the Bothnian Sea. The outlet of Lake Poosjärvi runs via another
river to the Bothnian Sea. The catchment area of Poosjärvi is mainly till, with few
fields. The topography is small-scaled. In the western part of the catchment there is a
large mire complex. Plenty of boulders are found by the shores of the lake.
The water quality of the lake has been monitored during 1968–2006, and the water
quality is tolerable. In this shallow lake the main problems are eutrophication,
overgrowing and lack of oxygen during winters. Obviously the water quality of very
humid, humic and eutrophic Lake Isojärvi determines the water quality of Lake
Poosjärvi.
In addition to water level changes in 1800s and 1998, the regulation and construction
works of the River Karvianjoki watershed affect the water balance of the lake. The lake
is not regulated and the spring floods are usual and high.
In summertime, communities of sedges dominate large areas of the lake. In the
northern part of the lake there are dense horsetail communities. There is an open area
in the middle of the lake surrounded by nympheids and helophytes
The birdlife of the lake is rich. There are numerous cottages surrounding the lake.
Literature concerning Lake Poosjärvi:
x
x

x

Hakila, R. & Kalinainen, P. 1992. Poosjärven luonto, linnusto ja kasvillisuus vuonna 1992 (in
Finnish: The nature, birdlife and flora of Lake Poosjärvi in 1992). 6 p.
Hakila, R. & Kalinainen, P. 2001. Poosjärven luonto, linnusto ja kasvillisuus vuonna 2001.
Raportti vedennoston vaikutuksista Noormarkun kunnalle (in Finnish: The nature, birdlife and
flora of Lake Poosjärvi in 2001. Report of the effects of water level raising in Noormarkku
municipality). 9 p. + app.
Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.
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Figure 7-18. Lakes Poosjärvi and Kivijärvi with their watersheds. Lake Lampinjärvi and Isoneva mire are also shown. Background map
and delineation of watershed: Topographic database by the National Land Survey. Shades: digital elevation model by the same institute.
Map layout by Pekka Hurskainen/Pöyry Finland Oy.
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Lake Inhottujärvi (Noormarkku municipality; Karvianjoki watershed)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

43
450
0.8 (-)
3900
24.3
< 2 days
2086
Lowered in late 1800s and again in 1950s
Natura 2000 (SPA; FI0200035). (www.ymparisto.fi).

Lake Inhottujärvi is very shallow, overgrown and the water delay time is very short.
The lake is a bifurcation lake and has two outlets. About half of the water runs via two
smaller rivers to River Noormarkunjoki which runs to the sea. The other outlet runs via
Riutta regulation dam to River Pomarkunjoki and after that to Lake Isojärvi. One inlet
river runs from Lake Karhijärvi and another from Lake Kynäsjärvi (since draining
activities in the 19th century). The catchment area is mostly covered by forests, but
there are agricultural areas by the inlet rivers.
The water quality has been monitored since 1964 and it is tolerable. The water can be
described as humic and eutrophic. The water quality of the lake is highly determined
by the water quality of the inlet river. Peat production and forest management, e.g.
clear-cutting and ditching in the catchment area, deteriorate the quality of incoming
water. The main problem is eutrophication; especially the eastern part of the lake is
overgrowing. Regulation started in 1963.
The vegetation pattern is mosaic-like and highly determined by water currents. Sedges
are typical macrophytes. Also water horsetail, club-rush, yellow water-lily and greater
bladderwort are common.
The fish community consists mostly of cyprinids. The bream stock is dense, whereas
predator species are scarce. The fish stock of the whole River Karvianjoki watershed is
under a remediation plan.
Lake Inhottujärvi is one of the best bird lakes in Southern Finland. European beavers
and otters are met, as well. The lake and its surroundings are popular camping and
fishing places.
Literature concerning Lake Inhottujärvi:
x

x

x
x

Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.
Lampolahti, J. 1992. Inhottujärven linnusto- ja kasvillisuusselvitys 1992 (in Finnish: Survey of
the birdlife and flora of Lake Inhottujärvi in 1992). Inhottujärven kunnostustoimikunta &
Tampereen vesi- ja ympäristöpiiri. 42 p.
Lampolahti, J. 1996. Inhottujärven luontoselvitys 1996 (in Finnish: Survey of the nature of
Lake Inhottujärvi in 1996). Inhottujärven suojeluyhdistys. 16 p.
Saari, T. 2006. Selvitys Inhottujärven säännöstelystä ja tilan parantamisesta (in Finnish:
Investigation of the regulation and improvement of the state of Lake Inhottujärvi). LounaisSuomen ympäristökeskuksen raportteja. Vol. 2006, no. 3, 62 p.
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x

7.1.6


Satakunnan kalatalouskeskus. 1993. Inhottujärven kunnostushanke. Raportti kalataloudellisista
näkökohdista (in Finnish: Restoration project of Lake Inhottujärvi. Report from the viewpoint
of fishery).

Not classified

Mustalahti bay (Ahlainen municipality)
Properties
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

0
56
0.7
N/A
N/A
N/A
4.6

National Waterfowl Habitat Conservation Program,
Natura 2000 (Pooskerin saaristo; SCI and SPA;
FI0200076). (www.ymparisto.fi).

Mustalahti (Fig. 7-19) is an ancient bay of the Bothnian Sea and an outlet for the River
Ahlaistenjoki. It is now shallow and overgrown. Due to land uplift, the Mustalahti
basin has departed from the sea as a glo. Mustalahti is considered to situate outside the
River Karvianjoki watershed, even though it is affected by River Ahlaistenjoki. The
surface area of the catchment is small and it consists mainly of till soils. However,
there are quite a many mires, as well, which have been ditched, causing humic and
fulvo acids runoff. The topography is flat. The southwestern part of Mustalahti bay is
surrounded by an esker and the northeastern part by steep rock slopes.
The water quality of Mustalahti basin has been observed for 15 times. Oxygen
conditions deteriorate during winter, and total depletion may occur. Water turbidity
increases during high discharges. The closeness to the sea is reflected in high
conductivity, alkalinity and pH values. Some groundwater effects can also be seen.
High nutrient conditions are typically observed and chlorophyll-a concentrations refer
to high productivity. The amount of nutrients is highest at a bay receiving waters from
a stream/ditch. The amount of organic material varies between different areas of the
basin and also according to discharge conditions. There have been many efforts to
improve the water quality.
The bottom of Mustalahti basin is flat and mainly consists of mud. The thickness of the
mud layers is about two meters, but layers of 30 cm have been measured, as well,
covering hard sand.
The vegetation of Mustalahti basin has been studied twice, in 1984 and 1995. Sedges
dominate the driest parts of the flood meadows, but in inner and wetter parts reed is
more common and it dominates the emergent vegetation. Here and there common
bulrush is met. In open water area, club-rush, nympheids and elodeids are common.
Duckweed (Lemna trisulca) vegetation is dense in NW; other nympheids are
Potamogeton spp. and Nymphea spp. The main elodeids are milfoils (Myriophyllum
spp.) and greater bladderwort (Utricularia vulgaris). Canadian waterweed (Elodea
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canadensis) is flowering at Mustalahti basin (rare in Finland). Other rare or threatened
species are Rumex hydrolapathum, Carex pseudocyperus and Oenanthe aquatica.
The bird communities have undergone great changes between studies conducted in
1976 and 1995–96. In the latter survey, the number of breeding waterfowl couples was
around 60, the main species being great-crested grebe, wigeon, teal, mallard and coot.
Mustalahti basin has been an important breeding area for fish, but the communities
have suffered from overgrowing of the basin and land uplift. The dominating species
are small-sized roach and bleak.
The zoobenthos has not been comprehensively studied, but it is known that in
Mustalahti basin Chironomidae, Asellus aquaticus, Planorbis spp., Lymnaea spp.,
Corixidae, Dytiscidae, and Hydracarina are met.
Literature concerning Mustalahti basin:
x

x
x

x

Kalinainen, P. 1984. Ahlaisten jokisuiston ja Mustalahden vesikasvillisuus vuonna 1984 (in
Finnish: Aquatic flora of Ahlainen delta and Mustalahti bay in 1984). City of Pori.
Investigations. Vol. 1984, no. 60, 43 p.
Jutila, K. 1995. Ahlaisten Mustalahden kunnostussuunnitelma (in Finnish: Restoration plan for
Mustalahti bay in Ahlainen). Vesi- ja ympäristöhallitus. Stencil. No. 617, 29 p.
Perttula, H. 1995. Ahlaisten Mustalahden kasvillisuus kesällä 1995 (in Finnish: Flora of
Mustalahti bay in Ahlainen in the summer of 1995). Southwest Finland Regional Environment
Centre. Stencil. Vol. 95, no. 3, 15 p.
Perttula, H. 1997. Mustalahden tila ja kunnostus (in Finnish: State and restoration of Mustalahti
bay). Southwest Finland Regional Environment Centre. Stencil. Vol. 97, no 2. 45 p.
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Figure 7-19. Mustalahti bay with its watershed. Background map and delineation of watershed: Topographic database by the National
Land Survey. Shades: digital elevation model by the same institute. Map layout by Pekka Hurskainen/Pöyry Finland Oy.
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Lake Lutanjärvi (Eurajoki municipality; Eurajoki watershed)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

13.9
40
1.6 (6.5)
640
3.3/3.4
3.2 years

Lake Lutanjärvi (Fig. 7-20) is small, slightly eutrophic, humic lake, where the water
delay is long. Of the small catchment area, 43 % is covered by forests or mires and 25
% is in agricultural use. The lake is surrounded by mires, which for the most part are
ditched. The main mineral soil type is till. Some rock exposures exist, as well. In the
southeastern part there is a quarry and a shooting range. The fields are concentrated in
the northern part of the catchment area. There are three inlets to Lake Lutanjärvi. The
outlet runs to River Lapinjoki.
The lake floods easily, which can be seen in big variations of water quality. The state
of the lake has been varying a lot in the 21st century. Sometimes the water is crystalclear and sometimes turbid because of algal blooms. During the winters, lack of
oxygen is observed, potentially causing internal load. Fish deaths have occurred, as
well. The water quality has shown marks of eutrophication during 1974–2004. Water
pH has been clearly increasing, probably due to increased productivity. Nutrient
concentrations vary a lot, the median concentration indicating mesotrophy. Chlorophyll
concentrations indicate oligotrophy. The main problem is waste water from
settlements.
The phytoplankton biomass is small. In early July the community consisted of
Cryptophyceae, in the end of July of green algae (Chlorophyceae), in August of
cyanobacteria (Cyanophyceae) and later in autumn of Cryptophyceae and
Chrysophyceae.
The zooplankton community structure and biomass were studied in 2003 (protozoan
not included). The community comprised 27 species, but the proportions varied a lot
between samples. Big zooplankton species were observed, probably due to recent fish
deaths. The zoobenthos biomass, community and density were studied in 2003, as well.
The amount of species varied between 7 and 10, and the population density between
3,011 and 6,010 ind./m2. The biomass varied between 28 and 58 g/m2. The main group
was chironomids (Chironomidae spp.), 96–99.7% of total biomass. Also Oligochaeta
spp. and Sphaerium spp. were observed.
The western part of the lake is shallow and there are abundant amounts of water plants.
In general, the lake vegetation is diverse: altogether 70 species have been found. On
shallow shores helophytes, especially reed, are abundant. Most of the open water in the
eastern part of the lake is covered with nympheids, such as yellow water lily and
floating pondweed.
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The fish stocks of Lake Lutanjärvi were studied in 2001. Perch, pike, bream and roach
were observed. According to locals, also crucian carp is present. Roach accounted for
80 % of the biomass and over 90 % of the number of individuals.
The sediment was studied in 2003. It was quite homogeneous around the lake and
comprised of mineral substances (Argilla), weakly dissociated remains of vegetation
(Detritus) and some dissociated organic humus (Substantia humosa). Low redoxconditions throughout the sediment profile indicate oxygen problems that have been
present for a long time. Low contents of soluble phosphorus indicate low rates of
internal loading.
The waterfowl community includes black-throated diver, red-necked grebe, mallard,
common goldeneye, crane, swan, common sandpiper, redshank, marsh harrier, grey
heron and lesser spotted woodpecker.
Literature concerning Lake Lutanjärvi:
x

x

Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.
Salmi, P. (ed.). 2006. Narvijärven, Lutanjärven ja Kauklaistenjärven nykytila ja kunnostus (in
Finnish: The present state and restoration of lakes Narvijärvi, Lutanjärvi and Kauklaistenjärvi).
Southwest Finland Regional Environment Centre. Stencil. Vol. 2006, no. 1, 141 p.
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Figure 7-20. Lake Lutanjärvi with its watershed. Background map and delineation of
watershed: Topographic database by the National Land Survey. Shades: digital
elevation model by the same institute. Map layout by Pekka Hurskainen/Pöyry Finland
Oy.
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Lake Ilmiinjärvi (Köyliö and Kokemäenjoki municipalities; Eurajoki watershed)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

47.1
34
3.16
1070
3

Lake Ilmiinjärvi is a headwater lake that has a relatively long water delay. It is part of a
larger esker area. The lake is north-south directed. It is probably formed after ice age as
a big ice cube has melted from inside the esker. The catchment area of is mainly
covered by mineral soil forests. There are no remarkable inlets. The outlet runs to
River Köyliönjoki.
The lake has been heavily eutrophicated. Cyanobacterial blooms have occurred in the
1980s and 1990s. Lake Ilmiinjärvi is the only lake in the Satakunta region which has
been chemically treated. The phosphorus content has been 6-fold compared to natural
level, and water pH has been was strongly alkaline (9.6), the reasons being internal
load and massive algal blooms. During the 1980s, aluminium and ferrosulphate
treatment was used to lower P concentrations. Treatment was renewed in 1999 using
aluminium chloride, which cleared the water and decreased the P level. However, the
chemical treatment was so extreme that all consequences cannot be forecast.
Literature concerning Lake Ilmiinjärvi:
x

Koivunen, S., Salokangas, S. & Nukki, H. 2006. Satakunnan vesistöt – käyttö ja
kunnostustarpeet. (in Finnish: Water bodies of Satakunta – Use and restoration needs).
Publications of Pyhäjärvi Institute. Vol. 2006, no. B12, 136 p.

Lake Vehkajärvi (Punkalaidun municipality; Kokemäenjoki watershed)
Properties (HERTTA)
Elevation, m a.s.l
Area, ha
Average (max) depth, m
3
Water volume, 1000 m
Shoreline length, km
Water delay
2
Catchment area, km
Major changes in water level
2
Number of islands (area km , shoreline km)
Nature conservation

95.1
193.2
3.4 (8)
6570
11.5
450 days
12

In this set, Lake Vehkajärvi situates at a high altitude. The water delay is long. The
water quality of Lake Vehkajärvi has been studied between 1969 and 2005 for 25
times. Loading reports have been published in 1996 and 2006. The water quality is
satisfactory. Nutrient and chlorophyll-a concentrations refer to eutrophy. Water is
turbid especially in the summertime due to algal blooms. Temperature stratification
occurs both in summer and winter and it causes oxygen problems in the bottom water.
Due to this, also internal loading can be seen in the total phosphorus content of the
bottom layer. 
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7.2

Mires

Figure 7-21. Selected mires shown on soil map by GSF. Figures indicate the ages (C14 BP) and peat accumulation rates according to Mäkilä & Grundström (2008). Map
layout by Antero Keskinen/Pöyry Finland.
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Olkiluodonjärvi (Eurajoki municipality)
Properties
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
at 0–1 m depth, % of volume
Nature conservation

1.5
~12 (Topographical base map)

- (~1.5)

-

The Olkiluodonjärvi mire is a typical young peatland, which was initiated on an uplifted
sea shore. Primary mire formation was controlled by the shore displacement of the
Baltic Sea only some hundreds of years ago; the isolation occurred around 1491–1638
A.D. (Eronen et al. 1995, Vuorela et al. 2009).
Nowadays, a powerline corridor runs through part of the mire. Built in late 1970s as 100
m wide, it has later been extended to approximately 140 m. The mire has been ditched
in the 1960s or early 1970s. Both ditching and removal of high vegetation under the
powerline corridor have an impact on the hydrology. The mire discharges its waters via
ditches either to the NW (northern pool) or to Rumminperä strait (from the rest of the
mire). The mire gains surface waters from nearby mineral soil lands (sandy till) and also
from the S/SW from ditches running from forest and agricultural areas.
The Olkiluodonjärvi mire was studied in the spring of 2001 with ground-penetrating
radar (Leino 2001). The depth of the till surface was found to be at about 1–3 m in the
deepest area. However, till of the area was so conductive that the ground penetrating
radar was not able to reach the bedrock surface except in a few locations. Nearby power
lines may also have caused noise. As well, a sand layer was found, having its origin at
the time of isolation from the sea. The coastal forces washed the surrounding till soils
and transported the sorted sand over the earlier deposited clay. At the southern side, a
clay layer of one metre thickness at maximum was found. At the edges of the mire, no
clay layers were found, and the gyttja layer lies directly on till (Leino 2001).
In addition to 19 smaller control cores for the ground-penetrating radar (Leino 2001),
four sample cores through the peat layers to the upper parts of the till layers were taken
(Ikonen 2002). The total depth of the cores varied from 40 cm to 1.5 m. Due to the
young age of the mire, the peat layers are very thin, about 20–50 cm, mainly wet and
weakly decomposed common reed–Carex–Sphagnum peat. In some places, brown peat
layers are found at the bottom of other peat layers. Under the peat layers there are
detritus and gyttja clay, clay, sand and till layers (Ikonen 2002), as conceptualised in
Figure 7-22.
The geochemistry of the peat samples and underlying mud horizons by Ikonen (2002)
were investigated separately for the solid and liquid phases. The concentrations of the
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main elements were determined from samples, as well as pH, cation exchange capacity
(CEC), TOC, organic matter and water contents. For determining the activity
concentrations of U-238, Cs-134 and Cs-137, peat soil and ditch water samples were
measured. Table 7-2 presents the chemical characteristics of peat core samples in the
solid phase using synthetic rainwater leach, which dissolves highly soluble elements
and compounds (Ikonen 2002, Lahdenperä et al. 2005).
Five plots on Olkiluodonjärvi were studied within the soil survey by Tamminen et al.
(2007). Carex peats with peat components of Cyperaceous, Sphagnum, Phragmites
australis, Lignum and Equisetum dominated. The pH (H2O) in peat ranged from 3.1 to
5.3, depending on dominant tree species, peat layer and site type. Peat density varied
between 0.08 and 0.24 g/cm3, and nitrogen concentration between 1.2 and 2.6 %. Peat
C/N ratios were mostly under 25 (range 16.8–37.5), and indicated satisfactory nitrogen
mineralisation conditions.
Two groundwater observation tubes (PVP10A and PVP10B) locating in the
Olkiluodonjärvi mire have been monitored twice a year since 2001. The main cation and
anion concentrations have been found to be highest in the Olkiluodonjärvi mire as well
as in other swampy and low-lying areas (Pitkänen et al. 2007b), where sampling points
are located in the vicinity of bedrock depressions and interpreted fracture zones that
indicate possible discharge areas (Pitkänen et al. 2007a).

Figure 7-22. Stratigraphy for the deepest peat test core situated in the middle of the
Olkiluodonjärvi wetland area (Lahdenperä et al. 2005, based on data of Ikonen 2002).
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Table 7-2. Chemical characteristics of peat core samples extracted by synthetic
rainwater from the Olkiluodonjärvi wetland. Median and range of values in parentheses
(based on data by Ikonen 2002).
Variable
pH
CEC meq/100g
TOC mg/kg
Anions mg/kg
Br
Cl
F
NO3
SO4
Cations mg/kg
Al
Ca
Cs
Fe
K
Mg
Mn
Na
P
S
Sr
U
Zn
Geotechnical analyses
Water content (weight-%)
Organic matter mg/g

Peat horizons
5.7 (3.4–7.6)
64.8 (20.5–104)
430 (140–510)

N
15
15
17

Mud horizons
4.7 (3.1–6.8)
16.5 (12.0–63.5)
48 (1.1–480)

N
15
15
17

<1–<3
16.3 (11.6–96.2)
3.6 (2.1–8.7)
(9.7–10.5)
342 (59–135)

14
14
14
2
16

1.2
27.7 (16.3–42)
1.5 (1.2–4.9)
<2
960 (219–3259)

1
16
16
17
17

6.8 (2.5–14.1)
64.4 (29–287)
0.1 (0.02–0.26)
3.1 (1.1–175)
34.4 (13.7–118)
39.4 (15.7–137)
0.7 (0.2–134)
52.2 (23.2–134)
1.3 (1.0–2.2)
102 (23.7–462)
0.3 (0.1–1.7)
0.3 (0.1–2.4)
0.8 (0.2–102)

13
14
14
14
11
14
14
14
7
14
14
14
14

6.7 (2.1–158)
111 (41–283)
0.04 (0.02–0.7)
1.5 (1.1–4.9)
32.2 (11.2–38.7)
106 (33–206)
0.7 (0.2–7.5)
84.2 (29–164)
<1
297 (75.6–764)
1.1 (0.2–2.5)
0.3 (0.1–23.2)
0.7 (0.3–14.5)

17
17
16
9
13
17
17
17
17
17
17
17
15

61 (24–69)
430 (140–510)

14
14

23 (4–48)
48.0 (1.1–480)

17
17

Based on aerial images from 1946, 1957, 1974 and 1987, the mire area was treeless
until the 1970s, after which the draining has initiated forestation. The first draining took
place in the 1960s or early 1970s, and was supplemented in 1970s/1980s. Ditches have
now been partly overgrown by mosses. Open reed–rush swamp was typical in the
vegetation inventory by Miettinen & Haapanen (2002), but since then, these areas have
diminished due to tree growth. In the forest management plan by Rautio et al. (2004),
the mire is classified as drained tall-sedge hardwood–spruce fen (VSK), with smallsized white birch and Norway spruce. Huhta & Korpela (2006) studied the ground
vegetation of four plots on the mire and found the following types.
x
A peatland forest (transformed from a Norway spruce mire), where only the
presence of peat strata indicated its mire origin.
x
A mire almost lacking a field layer with only four species: Calamagrostis
purpurea, oak fern (Gymnocarpium dryopteris), Carex canescens and spreading
wood fern (Dryopteris expansa).
x
A hydrologically transformed herb–grass mire characterised by grasses and
sedges such as Agrostis canina, Calamagrostis purpurea, Carex nigra, bottle
sedge (C. rostrata) and especially common reed (Phragmites australis). The
most common herb was swamp cinquefoil (Potentilla palustris). In the bottom
layer, Sphagnum fimbriatum was very abundant and formed pure hummocks.
x
A hydrologically non-disturbed (not drained) mire, completely covered by
common reed, leaving little space for any other species in the field layer. Only
Carex magellanica, C. limosa, common cottongrass (Eriophorum
angustifolium), hare's-tail cottongrass (E. vaginatum), milk parsley
(Peucedanum palustre) and swamp cinquefoil occurred sporadically. Cranberry
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was also abundant in some places. The bottom layer was covered by white moss,
Sphagnum fallax cf., in particular.
Some local iron precipitation exists among the vegetation cover (Leino 2001).
Literature concerning Olkiluodonjärvi mire:
x

x
x

x
x
x
x

x

x
x

x

Eronen, M., Glückert, G., van de Plassche, O., van de Plicht, J. & Rantala, P. 1995. Land uplift
in the Olkiluoto-Pyhäjärvi area, Southwestern Finland, during last 8000 years. Nuclear Waste
Commission of Finnish Power Companies (YJT), Helsinki, Finland. Report YJT-95-17, 26 p.
Huhta, A-P. & Korpela, L. 2006. Permanent vegetation quadrats on Olkiluoto Island.
Establishment and results from the first inventory. Posiva Oy, Working Report 2006-33. 76 p.
Ikonen, A.T.K. 2002. On migration of radionuclides in a peaty environment and on
geochemistry of Olkiluodonjärvi wetland (in Finnish with an English abstract). Posiva Oy,
Working Report 2002-14.
Lahdenperä, A-M., Palmén, J. & Hellä, P. 2005. Summary of overburden studies at Olkiluoto
with an emphasis on geosphere-biosphere interface. Posiva Oy, Working Report 2005-11. 85 p.
Leino, J. 2001. Maatutkaluotaukset Eurajoen Olkiluodon Olkiluodonjärven tutkimusalueella
2001. Posiva Oy, Working Report 2001-27.
Miettinen, N. & Haapanen, R. 2002. Vegetation types on Olkiluoto Island. Posiva Oy, Working
Report 2002-54. 54 p.
Pitkänen, P., Ahokas, H., Ylä-Mella, M., Partamies, S., Snellman, M. & Hellä, P. 2007a. Quality
review of hydrochemical baseline data from the Olkiluoto site, Posiva Oy, POSIVA 2007-05.
133 p.
Pitkänen, P., Partamies, S., Lahdenperä, A-M., Lehtinen, A., Ahokas, T., Hirvonen, H. &
Hatanpää, E. 2007b. Results of monitoring at Olkiluoto in 2006. Hydrogeochemistry. Posiva Oy,
Working Report 2007-51. 243 p.
Rautio, P. Latvajärvi, H. Jokela, A. & Kangas-Korhonen, P. 2004. Forest Resources on
Olkiluoto Island. Posiva Oy, Working Report 2004-35. 109 p.
Tamminen, P. Aro, L. & Salemaa, M. 2007. Forest soil survey and mapping of the nutrient status
of the vegetation on Olkiluoto Island. Results from the first inventory on the FEH plots. Posiva
Oy, Working Report 2007-78. 110 p.
Vuorela, A., Penttinen, T. & Lahdenperä, A-M. 2009. Review of Bothnian Sea shore-level
displacement data and use of a GIS tool to estimate isostatic uplift. Posiva Oy, Working Report
2009-17. 191 p.

Isorahka (Laitila municipality)
Properties by GSF (Tuittila 1981; field work in 1968, -78
and -79)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

12–14
339
275
200
2.4 (3.2)
2.9
2.5
5.0
96
2
Eriophorum, Equisetum, lignids
Not studied
-

Isorahka mire (Fig. 7-23) is surrounded by clay fields, except for the southwestern part,
which is limited by till landscape. The waters run through ditches to the Sirppujoki
watershed. The bottom sediment is mainly gyttja clay. The shallow edge areas of the
mire have been cleared for cultivation. (Tuittila 1981).
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The dominating mire site types in the centre are hummock–hollow pine bog (KeR) and
S. fuscum bog (RN), on the edges there are dwarf-shrub pine bogs (IR). Hydrologically
the mire was in a drained stage by the time of field work. (Tuittila 1981).
Literature concerning Isorahka mire:
x
x

Mäkilä, M. & Grundström, A. 2008. The age and growth of peat in mires of south-western
Finland (in Finnish with an English abstract). Posiva Oy, Working Report 2008-12. 30 p.
Tuittila, H. 1981. Laitilan turvevarat. Osaraportti Varsinais-Suomen turvevaroista (in Finnish:
Peat resources of Laitila municipality. Partial report of peat resources of the province of
Varsinais-Suomi). Geological Survey of Finland, Peat Researches, Report of peat investigation.
Vol. 60, 150 p.
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Figure 7-23. Isorahka mire with its watershed. GSF survey points are also shown.
Background map and delineation of watershed: Topographic database by the National
Land Survey. Shades: digital elevation model by the same institute. Map layout by
Pekka Hurskainen/Pöyry Finland Oy.

123



Murtamon Isosuo (Lappi municipality)
Properties by GSF (Stén & Moisanen 1996; field work in
1983)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
at 0–1 m depth, % of volume
...1–2 m...
Nature conservation

19.5–21
50
37
11
- (2.6)
4.9 (in the > 1 m deep area)

71
29
Eriophorum, lignids, nanolignids, Scheuzeria, Phragmites
3.9
0.9
-

The surface of Murtamon Isosuo mire (Fig. 7-24) slopes towards N/NW and S/SE. It
drains via two ditches into River Lapinjoki, which drains into the Bothnian Sea at
Olkiluoto. The mire is bordered by agricultural fields (peaty material) in NW and S and
elsewhere by rocky till soils. The Rauma–Lauttakylä road passes throug the mire centre,
and there is another road going by the southern border.
The main bottom sediments are gyttja clay and clay and in the edges of the mire there
are till soils and rocks. Gyttja layers occur mainly in the northern part, as about 20–40
cm thick layers on the bottom sediments.
Mire site types are mainly hydrologically transformed nutrient-rich (herb-rich and
bilberry level) types, found especially in the northern part, or cottongrass (TR) and S.
fuscum pine bogs (RaR). Other types are S. fuscum bogs (RN), and, mainly by the
borders tall-sedge pine fens (VSN) and spruce–pine swamps (KR). An old peat
harvesting area is located at the eastern border, south of Rauma–Lauttakylä road. The
mire is completely and densely ditched and the degree of naturality is 8 %.
Literature concerning Murtamon Isosuo mire:
x

Stén, C-G. & Moisanen, M. 1996. The mires and peat resources in Lappi, Southwestern Finland
(in Finnish with an English abstract). Geological Survey of Finland, Peat Researches, Report of
peat investigation. Vol. 298, 26 p. + 2 app.
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Figure 7-24. Murtamon Isosuo mire with its watershed. GSF survey points are also
shown. Background map and delineation of watershed: Topographic database by the
National Land Survey. Shades: digital elevation model by the same institute. Map
layout by Pekka Hurskainen/Pöyry Finland Oy.
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Lammaistensuo (Harjavalta)
Properties
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

25 (DEM)
88 (Topographical base map)

-

The Lammaistensuo mire is an undrained ombrotrophic bogs with a sparse Scots pine
cover. The field layer is dominated by tussock cottongrass (Eriophorum vaginatum), but
due to pollution by the nearby copper smelter, only two species, Pohlia nutans and
Cladopodiella fluitans, occur in the ground layer, and a large part of the bog consists of
unvegetated peat surfaces. (Nieminen 2005).
Pori–Helsinki road passes through the mire. There is also a waste water pool located on
the eastern side of the mire. About one third of the surrounding landscape is agricultural
fields, the rest being mainly drained peatlands. Majority of the mire has been ditched, as
well. (Topographical base map).
The Finnish Forest Research Institute has carried out experiments concerning
fertilization on Lammaistensuo mire.
Literature concerning Lammaistensuo mire:
x
x

Nieminen, T.M. 2005. Response of Scots pine (Pinus sylvestris L.) to a long-term Cu and Ni
exposure. The Finnish Forest Research Institute, Research Papers. Vol. 942, 63 p. + 6 articles.
Salemaa, M., Vanha-Majamaa, I. & Gardner, P.J. 1999. Compensatory growth of two clonal
dwarf shrubs, Arctostaphylos uva-ursi and Vaccinium uliginosum in a heavy metal polluted
environment. Plant Ecology. Vol. 141, no. 1–2, p. 79–91.

Ojasuo (Lappi municipality)
Properties by GSF (Stén & Moisanen 1996; field work in
1983)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
at 0–1 m depth, % of volume
Nature conservation

34–39
135
103
83
- (5.5)
3.7
5.8
86
14
Lignids, Eriophorum, nanolignids, Equisetum
0.1
Large areas in peat production from 1984 on
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The surface of Ojasuo mire slopes towards SW and S. The mire drains via two ditches
into Lake Kauklainen, located in NW, from where there is a river–lake–river connection
to the Bothnian Sea. The mire is surrounded by till landscape with rock outcrops. In SE
the mire is connected to surrounding mire areas via narrow straits. (Stén & Moisanen
1996).
The main bottom sediments are gyttja clay and clay, by the edges till and rock outcrops.
Rock outcrops are met also within the mire, in southeastern and southern parts. Some
centimetres thick silt, sand and gravel layers are found in gyttja clay and clay, especially
in the edges of the mire. These sorted sediments have been once leached from till soils,
which surrounded the clay bottom of the ancient sea. In the middle of the mire, 5–30 cm
thick gyttja layers are found on the bottom sediment. (Stén & Moisanen 1996).
Preparation of the area for peat production started in the 1970s and actual production in
1984. Now, 61 ha have been prepared, to be supplemented with another 10 ha.
Production lines are horticultural and agricultural peat, ca. 42,500 m3 per year. The
production is estimated to cease in 2020, after which possible end-uses are reforestation,
cultivation of plants for bioenergy or converting into a bird lake or wetland.
(www.ymparisto.fi).
In 1983, before the kick-off of peat production, approximately one-third of the mire was
in a natural state. Large areas had been drained, some 15 ha was already in peat
production, an old peat harvesting area existed in eastern part and one bay had been
turned into agricultural field. The most common mire types were Sphagnum fuscum and
dwarf-shrub pine bog (RaR and IR). S. fuscum pine bog covered ca. 42 %, mainly in the
centre of the mire, whereas dwarf shrub pine bog was found by the edges. Other types
were e.g. hummock–hollow pine bog (KeR) with low-sedge (LkN) and hollow bog
(SiN) pools in the central parts of the mire and by the edges transformed, Polytrichumdominated mires, paludified V. myrtillus spruce forests (KgK) and eutrophic
transformed mires, as well as herb-rich flark fens (RhSR), spruce–pine swamps (KR)
and cottongrass sedge pine fens (TR). (Stén & Moisanen 1996).
Literature concerning Ojasuo mire:
x
x

Mäkilä, M. & Grundström, A. 2008. The age and growth of peat in mires of south-western
Finland (in Finnish with an English abstract). Posiva Oy, Working Report 2008-12. 30 p.
Stén, C-G. & Moisanen, M. 1996. The mires and peat resources in Lappi, Southwestern Finland
(in Finnish with an English abstract). Geological Survey of Finland, Peat Researches, Report of
peat investigation. Vol. 298, 26 p. + 2 app.
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Nukinrahka (Laitila and Mynämäki municipalities)
Properties by GSF (Tuittila 1981; field work in 1978–80)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

Nukinrahka
35–40
311
300
280
4.6 (5.9)
3.4
2.8
5.4

Properties by GSF (Tuittila 1981; field work in 1978–80)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
at 0–1 m depth, % of volume
...1–2...
Nature conservation

Nukinrahka E
41
88
72
55
3.1 (4.3)
4.6
3.2
6.6

93
7
Eriophphorum, lignids, Equisetum
Not studied
Natura 2000 area "Nukinrahka–Hirvilamminsuo" (SCI and
SPA; FI0200096). (www.ymparisto.fi).

83
17
Eriophphorum, lignids, nanolignids
0.1
0.0
Natura 2000 area "Nukinrahka–Hirvilamminsuo" (SCI and
SPA; FI0200096). (www.ymparisto.fi).

Nukinrahka is a typical raised bog with some islands. The surface of the mire rises
steeply towards the central plateau. The waters flow through River Isonsillanjoki to
River Laajoki. The birdlife and other fauna are similar to Hirvilamminsuo described
earlier (www.ymparisto.fi).
In GSF survey, the actual Nukinrahka mire and the Nukinrahka E have been described
separately:
The actual Nukinrahka mire is surrounded by clay soils in the western part and till soils
in the eastern and southern parts. The surface of the mire slopes toward south. The
dominating mire site types in the centre are hummock-hollow pine bog (KeR) and
hollow bog (SiN), on the edges dwarf-shrub pine bog (IR) and S. fuscum pine bog
(RaR). The areas bordering on forests are tall-sedge fen (VSN) or tall-sedge pine fen
(VSR). The laggs of tall-sedge fen have been cleared for cultivation. The bottom
sediment is mainly gyttja clay, under which, separated by a thin sand layer, there is clay.
(Tuittila 1981).
On western side, the Nukinrahka E mire borders on Nukinrahka mire, elsewhere on till
soils. The surface of the mire slopes toward west. The dominating mire types are low
sedge bog (LkN), S. fuscum bog (RN), and hollow bog (SiN) in the centre, whereas the
edges are covered by S. fuscum (RaR) and dwarf shrub pine bog (IR). The hollows are
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20–100 m long and 5–10 m wide. (www.ymparisto.fi). The lagg of the mire is tall-sedge
spruce swamp. The bottom sediment of the mire is mainly till (Tuittila 1981).
Literature concerning Nukinrahka mire:
x

Tuittila, H. 1981. Laitilan turvevarat. Osaraportti Varsinais-Suomen turvevaroista (in Finnish:
Peat resources of Laitila municipality. Partial report of peat resources of the province of
Varsinais-Suomi). Geological Survey of Finland, Peat Researches, Report of peat investigation.
Vol. 60, 150 p.

Lehdonsaarensuo (Laitila and Mynämäki municipalities)
Properties by GSF (Tuittila 1982; field work in 1978–80)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
at 0–1 m depth, % of volume
...1–2...
Nature conservation
Additional information

42
260
230
105
2.1 (4.0)
4.8
3.6
6.4
30
70
Eriophphorum, Scheuzeria, lignids, Equisetum
0.2
0.1
The mean pH is 5.2 and ash content 4.8% of dry mass.

Lehdonsaarensuo mire is surrounded by agricultural fields in east, by mire
Hirvilamminsuo in NW and elsewhere by till covered bedrock outcrops. The mire
surface slopes toward southeast, and the waters flow into the River Laajoki. The bottom
sediment is mainly clay in the centre of the mire. At the mire edges, the soil is mainly
silt and till. (Tuittila 1982).
At the northwestern and central part, the dominating mire site type is tall-sedge fen
(VSN), at the northern part low-sedge fen (LkN), at the southern part cottongrass pine
bog (IR) and S. fuscum bog (RN). Apart from the SW part, the site types are either at
drained or hydrologically transforming stages. (Tuittila 1982).
Literature concerning Lehdonsaarensuo mire:
x
x

Mäkilä, M. & Grundström, A. 2008. The age and growth of peat in mires of south-western
Finland (in Finnish with an English abstract). Posiva Oy, Working Report 2008-12. 30 p.
Tuittila, H. 1982. Mynämäen turvevarat. Osaraportti Varsinais-Suomen turvevaroista (in
Finnish: Peat resources of Mynämäki municipality. Partial report of peat resources of the
province of Varsinais-Suomi). Geological Survey of Finland, Peat Researches, Report of peat
investigation. Vol. 91, 163 p.
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Ronkansuo (Huittinen and Kokemäki municipalities)
Properties by GSF (Stén 1997; field work 1970, -76, -96)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

43–49
508
485
437
- (5.7)
3.8
6.5
86
14
Eriophorum, lignids, Equisetum, Scheuzeria
Almost completely in Puurijärvi–Isosuo National Park and
Natura 2000 ((FI0200001 (SCI), FI0200149 (SPA)).
(www.ymparisto.fi).

Ronkansuo mire is a double-centered, asymmetric raised bog. The surface of the mire
slopes to southwest. The waters run via ditches into River Kokemäenjoki in northeast.
In south and west the mire is bordered by the esker of Ronkankangas, in east by
Raijalanjärvi pool and in north by River Kokemäenjoki. (Stén 1997).
The main bottom sediment is clay (94 %), which is covered by 5–90 cm deep gyttja or
gyttja clay layers in the deepest parts of the mire basin. Sand covers 4 % and till 2 %,
mainly in southwest, due to vicinity of the esker. The mire has started to develop by
terrestrialization of an ancient lake. Paludification of forest soils has led to expansion to
surrounding landscape. (Stén 1997).
The most common mire site types are hollow bog (SiN) with typical pools, low-sedge
bog (LkN), S. fuscum bog (RN) and hummock-hollow pine bog (KeR), which are
mainly found in the central parts of the mire. Groundwater influence has been observed
in the central part of the mire. By the edges there are S. fuscum pine bogs (RaR),
cottongrass pine bogs (TR), paludified pine forests (KgR) and dwarf-shrub pine bogs
(IR) with marsh labrador tea (Rhododendron tomentosum) and bog bilberry (Vaccinium
uliginosum). (Paasio 1933). Parts of the edges consist of agricultural field of mire
origin. Areas where peat has been harvested for agricultural use are found primarily in
the northern end of the mire. The height of the hummocks is 2–4 dm. The degree of
naturality is high, 88 %, due to the large central part remaining in natural state with
large pools and wet hollows. The mire site types and their state of naturality have also
been surveyed by Laurila et al. (1977). (Stén 1997).
Literature concerning Ronkansuo mire:
x

x

x

Laurila, A. & Luontokerho Martes. 1977. Puurijärven-Isosuon kansallispuistosuunnitelmaan
sisältyvien soiden luonnontila, suotyypit ja karpalotuotos (in Finnish: State of nautrality, mire
site types and cranberry yield of mires included in the planned Puurijärvi-Isosuo National park).
Manuscript. Mire archives of the Ministry of the Environment.
Lindroos, P. 1980. Huittinen. Suomen geologinen kartta 1:1000 000, maaperäkartan lehti 2112
(in Finnish: Huittinen. Geological Atlas of Finland 1: 1000 000, soil map 2112). Geological
Survey of Finland.
Metsähallitus. 1996. Puurijärven-Isosuon kansallispuisto (in Finnish: Puurijärvi-Isosuo National
park). Brochure. Metsähallitus. Natural Resources.
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x
x

x

x

Paasio, I. 1933. Über die Vegetation der Hochmoore Finnlands. Acta Forestalia Fennica. Vol.
39.3, 210 p.
Sopo, R. 1996. Puurijärven-Isosuon kansallispuisto – mieleenpainuva retkeilykohde (in Finnish:
The National Park of Puurijärvi-Isosuo – a hiking target to remember). Suo ja Turve. Vol. 96,
no. 4, 11–14.
Stén, C-G. 1997. The mires investigated and the usefulness of peat in Huittinen, Southwestern
Finland (in Finnish with and English summary). Geological Survey of Finland, Report of peat
investigation. Vol. 309, 42 p.
Virkkala, K. 1946. Kokemäenjoki geologis-historiallisen kehityksen valossa (in Finnish:
Kokemäenjoki in the light of geological-historical development). Satakunta XII. Vammala:
Tyrvään kirjapaino.

Isosuo (Huittinen municipality)
Properties by GSF (Stén 1997; field work 1970, -76, -96)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

43–50
776
742
699
- (6.0)
3.5
6.3
90
10
Eriophorum, lignids, nanolignids. Scheuzeria, Equisetum
Part of Puurijärvi–Isosuo national Park and Natura 2000
(FI0200001 (SCI), FI0200149 (SPA)), Project Mar, Project
Telma. (www.ymparisto.fi).

The surface of Isosuo mire slopes to south and northwest. The waters flow through
ditches from the northern side to River Ala-Kauvatsanjoki and from the northeastern
side to River Kokemäenjoki. In south and southwest the mire borders on the River
Kokemäenjoki, in west on River Ala-Kauvatsanjoki, north and northeast on rock and till
soils and in southeast on peat fields of the mire Pikkusuo. Isosuo contains some rock
islands. (Stén 1997).
The main bottom soil type of the mire is clay (94% of the observations), which is
covered by <1 mm thick mud layers in the deepest parts of the mire basin. Silt, fine
sand and sand cover about 2% each. Based on the coverage of gyttja, about threefourths of the mire has been a shallow lake of in the ancient delta of the River
Kokemäenjoki. From the gyttja layers, fruits of water caltrop (Trapa natans, no more
present in Finland) have been found, as well as seeds and fruits of common waterplantain, common reed, candid water-lily and yellow water-lily, revealing the lake
origin. Of the Equisetum–Carex peat of the swamp phase, silvery sedge (Carex
canescens), hop sedge (Carex pseudocyperus), yellow iris, tufted loosestrife and
bogbean have been met. Paludification of forest has later expanded the mire to the
surrounding landscape. (Stén 1997).
The most common mire site types are hummock–hollow pine bog (KeR), hollow bog
(SiN), S. fuscum bog (RN) and low-sedge bog (LkN), which are found mostly in the
central parts of the mire. Paasio (1933) has described the succession of the lagg, rand
(slope) and central plateau of the eastern part of the mire. In the centre there are two
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large pool areas, where pools can reach a length of 100 m, a width of 5–10 m and a
depth of 1–3 m. The pools are either free of vegetation, or, for instance, some yellow
water-lilies may be met. The pools are surrounded by toothed Sphagnum (Sphagnum
cuspidatum), tussock cottongrass, Scheuzeria palustris, white beak-sedge (Rhyncospora
alba) and mud sedge (Carex limosa). The hummock vegetation comprises of e.g. S.
fuscum, cloudberry, round-leaved sundew (Drosera rotundifolia), crowberry, bog
rosemary (Andromeda polifolia; Fig. 7-25), dwarf birch and scattered pines. Mire edges
are dominated by dwarf-shrub pine bog (IR), S. fuscum pine bog (RaR), paludified V.
myrtillus spruce forest (KgK), spruce mire (VK) and herb-rich hardwood–spruce swamp
(RhK). The mire is almost (95 %) in natural stage. Peat has been harvested for smallscale agricultural use by the edges. Some old ditches exist as well. (Stén 1997).



Figure 7-25. Dwarf birch and flowering bog rosemary growing on a hummock formed
by Sphagnum (photo from Lauhanvuori by Reija Haapanen/Haapanen Forest
Consulting).
Literature concerning Isosuo mire:
x

x

x

Heinonen, M., Mikkola, M. & Södersved, J. 1994. Puurijärven-Isonsuon kansallispuiston
luontoselvitys 1993 (in Finnish: Survey on the nature of Puurijärvi-Isosuo National park in
1993). Metsähallitus. Luonnonsuojelujulkaisuja. Series A. No 26, 89 p.
Laurila, A. & Luontokerho Martes. 1977. Puurijärven-Isosuon kansallispuistosuunnitelmaan
sisältyvien soiden luonnontila, suotyypit ja karpalotuotos (in Finnish: State of nautrality, mire
site types and cranberry yield of mires included in the planned Puurijärvi-Isosuo National park).
Manuscript. Mire archives of the Ministry of the Environment.
Lindroos, P. 1980. Huittinen. Suomen geologinen kartta 1:1000 000, maaperäkartan lehti 2112
(in Finnish: Huittinen. Geological Atlas of Finland 1: 1000 000, soil map 2112). Geological
Survey of Finland.
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x
x

Paasio, I. 1933. Über die Vegetation der Hochmoore Finnlands. Acta Forestalia Fennica. Vol.
39.3, 210 p.
Stén, C-G. 1997. The mires investigated and the usefulness of peat in Huittinen, Southwestern
Finland (in Finnish with and English summary). Geological Survey of Finland, Report of peat
investigation. Vol. 309, 42 p.

Lastensuo (Eurajoki municipality)



Figure 7-26. A view from Lastensuo mire (photo by Reija Haapanen/Haapanen Forest
Consulting).
Properties (Mäkilä & Grundström 2008)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

44–48
440

- (6.3)
3.4

Lastensuo is part of the Mire Conservation Programme
and Natura 2000 (SCI; FI0200009). It is owned by the
State. (www.ymparisto.fi).

Lastensuo mire (Figs. 7-26 and 7-27) is located relatively near to Olkiluoto Island, in
Eurajoki municipality. The area of the catchment is 11 km2. The mire is surrounded by
hummocky till soils. The edges of the mire, especially in the western part, have been
ditched. This raised bog has two centres, of which the larger one contains a small,
humus-rich lake, Lastensuonjärvi, with heavily ditched surroundings. The mire slopes to
the SW. The bottom of the mire is even, mainly clay and sand, with mud stratified in
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thin layers above. There are easily weatherable, mafic diabase dykes in the bedrock. The
bottom peat layer has been dated to be 5,300 years old and the annual peat growth rate
is 1.1 mm/y. (Mäkilä & Grundström 2008, www.ymparisto.fi).
The centre of Lastensuo mire is treeless or near-treeless. Sedges, e.g. slender sedge
(Carex lasiocarpa) and fewflower sedge (Carex pauciflora) dominate the surface. Some
pools exist. The mafic diabase dykes influence the vegetation: some wide mesotrophic
treeless mires exist by the laggs, as well as lush spruce mires. The flora of these rich
types includes, for example, early marsh-orchid (Dactylorhiza incarnata), Carex
rhynchophysa, great pond-sedge (Carex riparia), purple moor-grass (Molinia caerulea)
and wood club-rush (Scirpus sylvaticus). In many locations on the laggs, common reed
dominates. Part of the mire has been drained. (www.ymparisto.fi).
The birdlife resembles that of a wilderness area. Nesting bird species include e.g., redthroated diver, eagle owl, Ural owl, honey buzzard and goshawk (www.ymparisto.fi).
Literature concerning Lastensuo mire:
x

Mäkilä, M. & Grundström, A. 2008. The age and growth of peat in mires of south-western
Finland (in Finnish with an English abstract). Posiva Oy, Working Report 2008-12. 30 p.
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Figure 7-27. Lastensuo mire with its watershed. GSF survey points are also shown. Background map and delineation of watershed:
Topographic database by the National Land Survey. Shades: digital elevation model by the same institute. Map layout by Pekka
Hurskainen/Pöyry Finland Oy.
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Aronsuo (Kokemäki municipality)
Properties by GSF (Stén & Toivonen 2005; field work in
1970 and 2001)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
. ...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

45–47
140
128
103
- (3.1)
4.4
6.9
76
24
Eriophorum, lignids, nanolignids
Only few
Part of the Puurijärvi–Isonsuo National Park and Natura
2000 (FI0200001 (SCI), FI0200149 (SPA)).
(www.ymparisto.fi).

The waters of Aronsuo mire flow via ditches located on W, N, E and S sides into the
River Kokemäenjoki and finally into the Gulf of Bothnia. The mire is bordered by gyttja
and clay fields and in the eastern part by till soils. In the western and central part of the
mire there are till islands. A big erratic boulder is found, as well. (Stén & Toivonen
2005).
The bottom soil is mainly clay, which in the deepest parts is covered by ca. 80 cm thick
gyttja layer. The mire has been developed by terrestrialization of a lake. (Stén &
Toivonen 2005).
Pine mires account for 82 % of the mire site types, whereas 18 % are treeless mires. In
the central part of the mire, the most common mire site types are hummock–hollow pine
bogs (KeR), cottongrass pine bogs (TR), low-sedge bogs (LkN) and S. fuscum bogs
(RN). In the dwarf-shrub pine bog (IR) by the edges, marsh labrador tea, bog bilberry,
common heather and leatherleaf (Chamaedaphne calyculata) dominate. The eastern and
western parts of the mire have been drained in the 1970s for forestry, and 76 % of the
mire is in natural condition (Stén & Toivonen 2005).
Literature concerning Aronsuo mire:
x

Stén, C-G. & Toivonen, T. 2005. The peatlands and peat reserves of Kokemäki, Southwest
Finland (in Finnish with an English summary). Geological Survey of Finland. Report of peat
investigation. Vol. 359, 44 p.
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Hirvilamminsuo (Laitila and Mynämäki municipalities)
Properties by GSF (Tuittila 1981; field work in 1978–80)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
at 0–1 m depth, % of volume
...1–2 ...
Nature conservation

47
190
155
145
3.4 (5.6)
4.1
3.1
6.5
92
8
Eriophphorum, lignids
0.1
0.3
Natura 2000 area "Nukinrahka–Hirvilamminsuo" (SCI and
SPA; FI0200096). (www.ymparisto.fi).

The Hirvilamminsuo mire is surrounded by till soils and mires: in its northern end by
mire Kirvessuo and in southeast end by mire Lehdonsaarensuo. The surface of the mire
slopes towards south and the waters flow through Vallolammi to River Laajoki water
system. (Tuittila 1981).
In the northern part of the mire there is a dark-watered, humus rich pond Hirvilammi,
surrounded by Rhyncospora alba–Sphagnum type hollow bog (Fig. 7-28). In the
southern part there is S. fuscum bog (RN) in an almost natural state, with some clusters
of pools. A substantial amount of poisonous cowbane (Cicuta virosa) grows in the
outfall ditch of the pond Hirvilammi. (Tuittila 1981).
The dominating mire site types are low-sedge bog (LkN; 20 %), S. fuscum bog (RN; 14
%), hummock-hollow pine bog (KeR; 12 %) and hollow bog (SiN; 10 %). The bottom
sediments of the mire are mainly gyttja clay and clay. (Tuittila 1981).
A significant amount of old, paludified spruce forests surround the area of
Hirvilamminsuo. The birdlife on Nukinrahka–Hirvilamminsuo area is rich, with e.g.
red-throated diver, crane, Eurasian golden plover, wood sandpiper, northern harrier,
ruff, short-eared owl, Ural owl and honey buzzard, as well as common greenshank,
common redshank, common teal, Eurasian curlew and a large amount of species typical
of mires and surrounding forest areas such as yellow wagtail. Flying squirrel is met.
Plant species include e.g., the rare pale sedge (Carex livida) and slender cottongrass
(Eriophorum gracile). (www.ymparisto.fi).
Literature concerning Hirvilamminsuo mire:
x
x

Mäkilä, M. & Grundström, A. 2008. The age and growth of peat in mires of south-western
Finland (in Finnish with an English abstract). Posiva Oy, Working Report 2008-12. 30 p.
Tuittila, H. 1981. Laitilan turvevarat. Osaraportti Varsinais-Suomen turvevaroista (in Finnish:
Peat resources of Laitila municipality. Partial report of peat resources of the province of
Varsinais-Suomi). Geological Survey of Finland, Peat Researches, Report of peat investigation.
Vol. 60, 150 p.
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Figure 7-28. Flowering Rhynchosphora alba growing on a Sphagnum mat (photo from
Kauhaneva mire by Reija Haapanen/Haapanen Forest Consulting).
Korkeasuo (Kokemäki municipality)
Properties by GSF (Sten & Toivonen 2005; field work in
1970)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

45–49
422
372
342
3.0 (4.7)
3.9
7.1
85
15
Eriophorum, lignids, nanolignids
only few
Part of Puurijärvi–Isosuo National Park and Natura 2000
(FI0200001 (SCI), FI0200149 (SPA)). (www.ymparisto.fi).

Korkeasuo is a concentric bog. The northeastern part of the mire borders on Lake
Puurijärvi, the northwestern part on landscape dominated by clay, bedrock and till and
elsewhere on water bodies and agricultural fields composed of gyttja or clay soils. In the
mire there are rocky and tilly islands. The waters from the southern and eastern parts of
the mire run to Lake Puurijärvi and the River Ala-Kauvatsanjoki and further through the
River Kokemäenjoki to the Gulf of Bothnia. The waters from the western and northern
parts of the mire run to the River Kokemäenjoki. (Stén & Toivonen 2005).
The bottom sediment of the mire is mainly clay, which in the deepest parts is covered
by layers of gyttja with an average thickness of 80 cm. The mire was originally a lake,
developed in the ancient delta of the River Kokemäenjoki due to land up lift, and has
been overgrown by mire vegetation (Stén & Toivonen 2005).
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Pine mires cover ca. 40 %, spruce mires 5 %, treeless bogs 50 % and other types 5 %.
The most common site types in the central part are hummock–hollow pine bog (KeR)
and hollow bog (SiN). There are plenty of pools in the mire. Dwarf-shrub pine bog (IR),
S. fuscum pine bog (RaR), cottongrass pine bog (TR), tall-sedge pine fen (VSR) and
spruce mire (VK) are abundant at the edges, where there are agricultural fields with
mire origin as well. Peat graves and collapsed shacks reveal that Sphagnum peat has
earlier been harvested for agricultural use. However, Korkeasuo has mainly preserved
its natural condition. (Stén & Toivonen 2005).
Literature concerning Korkeasuo mire:
x

Stén, C-G. & Toivonen, T. 2005. The peatlands and peat reserves of Kokemäki, Southwest
Finland (in Finnish with an English summary). Geological Survey of Finland. Report of peat
investigation. Vol. 359, 44 p.

Kiettareensuo (Kokemäki municipality)
Properties by GSF (Stén & Toivonen 2005; field work in
1970)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

45–49
270
259
222
3.1 (4.3)
3.6
6.7
83
17
Eriophorum, lignids, nanolignids
Very few
Almost completely in the Puurijärvi–Isosuo National Park
and Natura 2000 (FI0200001 (SCI), FI0200149 (SPA)).
(www.ymparisto.fi).

Kiettareensuo mire borders on clay and gyttja fields and till landscape. The waters run
via the River Kokemäenjoki to the Gulf of Bothnia. The main bottom sediment is clay
(90 %), which is covered by around 50 cm thick gyttja layers in the deepest parts of the
mire basin. Till covers 10 % of the bottom, and it is found mainly in the northern part.
The mire has been developed by terrestrialization of a lake. (Stén & Toivonen 2005).
Treeless mires account for 57 % of the mire site types, the rest 43 % being pine mires.
The most common mire site types in the central part of the mire are hummock–hollow
pine bog (KeR), hollow bog (SiN) and low-sedge bog (LkN). In the edges of the mire
there are marsh labrador tea-dominated dwarf-shrub pine bog (IR), S. fuscum pine bogs
(RaR) and various peatland forests (hydrologically transformed mires). Apart from the
edges, the mire is in a natural state, and the degree of naturality is over 90 %. (Stén &
Toivonen 2005).
Literature concerning Kiettareensuo mire:
x

Stén, C-G. & Toivonen, T. 2005. The peatlands and peat reserves of Kokemäki, Southwest
Finland (in Finnish with an English summary). Geological Survey of Finland. Report of peat
investigation. Vol. 359, 44 p.
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Järvenrahka (Yläne municipality)
Properties by GSF (Tuittila 1983; field work 1978–80)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
at 0–1 m depth, % of volume
...1–2...
Nature conservation
Additional information

45–49
140
119
93
2.9 (5.8)
4.2
3.1
7.0
77
23
Eriophorum, nanolignids, lignids, Equisetum
1.0
0.5
The mean pH is 3.6 and ash content 1.1% of dry matter
content.

In north, Järvensuo mire (Fig. 7-29) borders on the coastal sand area of Lake Pyhäjärvi.
The southern edge of the mire borders on the clay plateau of the River Yläneenjoki
valley. In the western and eastern parts there are till covered moorlands. The River
Yläneenjoki runs through the mire. The main bottom sediment is silt in the central part
of the mire, and, in the edges, till is found. (Tuittila 1983).
The dominating mire site types are pine mires, mainly dwarf-shrub pine bogs (IR; 43%)
and S. fuscum pine bogs (RaR; 37 %). By the western shore of River Yläneenjoki there
are hydrologically transforming S. fuscum and dwarf shrub pine bogs. Central parts are
mainly S. fuscum bogs (RN) and S. fuscum pine bogs (RaR). By the edges,
hydrologically transforming dwarf shrub pine bogs (IR) are found. Peat has been
harvested from the NE and S parts of the mire. (Tuittila 1983).
Literature concerning Järvenrahka mire:
x
x

Mäkilä, M. & Grundström, A. 2008. The age and growth of peat in mires of south-western
Finland (in Finnish with an English abstract). Posiva Oy, Working Report 2008-12. 30 p.
Tuittila, H. 1983. The peatlands of Yläne, Southwestern Finland. Partial report of peat resources
of the province of Varsinais-Suomi (in Finnish with an English abstract). Geological Survey of
Finland, Peat Researches, Report of peat investigation. Vol. 139, 144 p + 7 app.
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Figure 7-29. Järvenrahka mire with its watershed. GSF survey points are also shown. Background map and delineation of watershed:
Topographic database by the National Land Survey. Shades: digital elevation model by the same institute. Map layout by Pekka
Hurskainen/Pöyry Finland Oy.
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Isoneva (Pomarkku municipality)
Properties (Toivonen & Valpola 2007; field work in 1984
and 2001)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

48–53
935
845
712
- (5.3)
3.8
3.2
6.2
97
3
Eriophorum, lignids, nanolignids
Very few
Majority of the mire belong to Nature protection area and
Natura 2000 network (SCI; FI0200101). Mire
Conservation Programme mainly covers the rest. The
area is mainly State-owned. (www.ymparisto.fi).

Isoneva mire (Fig. 7-30) is a representative example of raised bogs of Satakunta area. It
is relatively young and paludification is still going on, which is reflected in dying trees.
The shape of the mire is very uneven with several bays and till islands. There are two
separate raised bogs. The mire has two larger and several smaller pools. The mire
surface slopes into north in the northern bay, into east in northwest and into south in
south. The surface is generally very even and the hummock/hollow variation is not as
clear as in more advanced raised bogs. The mire drains via a ditch into River
Pomarkunjoki, which goes to Lake Isojärvi and further to the Gulf of Bothnia. There is
also an outlet that goes to Lake Poosjärvi. The mire is mainly in a natural stage and
there are only some ditches by the lagg. The surroundings are hilly till-dominated
landscape. The Pori–Parkano road and an unused railroad go through the mire; in
addition the eastern part is split by a high tension power line. (www.ymparisto.fi,
Toivonen & Valpola 2007).
The bottom of the mire is uneven. The dominant bottom soil types are till (51 %), clay
(19 %) and sand (9 %). At several locations a layer of gyttja of variable thickness is
found. (Toivonen & Valpola 2007).
The vegetation is typical of a nutrient-poor mire. Most common dwarf-shrubs are dwarf
birch, bog bilberry, marsh labrador tea, crowberry and bog rosemary. Carex globularis
and C. pauciflora are typical, but more prominent is the tussock cottongrass growing
among dwarf-shrubs and by hummocks. Some cloudberries are met on Sphagnum
hummocks and pools are surrounded by dense cranberry and bog rosemary colonies.
(www.ymparisto.fi).
Pine bogs account for 62 % of the site types, treeless mires 33 %, spruce mires 2 % and
transformed mires 3 %. NW of the road dividing the mire, in the centre, there are
hollow bogs (SiN) and hummock–hollow pine bogs (KeR), which are surrounded by
e.g. low-sedge bogs (LkN), S. fuscum pine bogs (RaR) and dwarf-shrub pine bogs (IR).
In the ditched SW bay there are transforming low-sedge bogs and dwarf shrub pine
bogs. Hummock–hollow pine bog dominates on the SE side. By the edges there are S.
fuscum pine bogs (RaR) and dwarf-shrub pine bogs (IR). Tall-sedge pine fens (VSN)
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and spruce–pine swamps (KR) are met only occasionally. There is mineral soil
influence by the edges. Hummocks cover 31 % of the surface and the average height is
2.5 dm. (www.ymparisto.fi, Toivonen & Valpola 2007).
Isoneva mire is a good bird mire. Greatest species diversity is met at the pool areas and
wet treeless mires. Large number of common black-headed gull nest in the area. Isoneva
is one of the very few mires in Satakunta, where nesting common tern has been
observed. Waders are abundant. Regularly nesting species include wood sandpiper,
common redshank, Eurasian golden plover, northern lapwing and Eurasian curlew. Of
aquatic birds, at least northern pintail, mallard, common goldeneye and common teal are
known to nest in the area. Also red-throated diver has nested in the area for years. Other
nesting species are e.g. crane, northern grey shrike and willow grouse (rare in Southern
Finland) and several passerines typical of mires, such as yellow wagtail. There are
several display areas for Eurasian black grouse, and, during migration the mire is a
popular resting place for cranes. (www.ymparisto.fi).
Literature concerning Isoneva mire:
x
x
x
x

Isonevan soidensuojelualueen runkosuunnitelma (in Finnish: General plan of the Isoneva Mire
Conservation area). 1984. Metsähallitus. 9 p.
Mäkilä, M. & Grundström, A. 2008. The age and growth of peat in mires of south-western
Finland (in Finnish with an English abstract). Posiva Oy, Working Report 2008-12. 30 p.
Rajasärkkä, A. 1988. Pomarkun Isonevan soidensuojelualueen kasvillisuus (in Finnish: Flora of
the Mire Conservation area of Isoneva in Pomarkku). Metsähallitus. 49 p.
Toivonen, T. & Valpola, S. 2007. The peatlands and peat reserves of Pomarkku, Southwest
Finland (in Finnish with an English abstract). Geological Survey of Finland. Report of peat
investigation. Vol. 380, 82 p.
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Figure 7-30. Isoneva mire with its watershed. GSF survey points are also shown.
Background map and delineation of watershed: Topographic database by the National
Land Survey. Shades: digital elevation model by the same institute. Map layout by
Pekka Hurskainen/Pöyry Finland Oy.
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Nanhiansuo (Huittinen municipality)
Properties by GSF (Stén 1997; field work 1970, -76, -96)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

50–54
274
220
136
- (3.1)
4.1
5.8
66
34
Eriophorum, lignids, nanolignids, Equisetum, Scheuzeria
Not studied
-

The surface of Nanhiansuo mire slopes to southwest and northwest. The waters
discharge via ditches starting from eastern, southern and western sides into River
Sammunjoki and later to River Kokemäenjoki. The mire mostly borders on clay areas,
but in northwest on rock and till landscape. The most common bottom sediment is clay
(97 % of the observations), which is covered in the deepest part of the mire by 5–25 cm
thick gyttja and gyttja clay layers. In some places, thin silt layers have been found over
the clay. (Stén 1997).
The origin of the mire is in overgrowing of a shallow Litorina Sea bay. Paludification of
mineral forest soils has later expanded the mire surface area. (Stén 1997).
The most common mire site types are hummock–hollow pine bog (KeR), hollow bog
(SiN), low-sedge bog (LkN) and S. fuscum bog (RN), which are mainly found in the
centre of the mire. At the edges there are dwarf-shrub pine bogs (IR), cottongrass pine
bogs (TR), S. fuscum pine bogs (RaR) and herb-rich hardwood–spruce swamps (RhK).
Furthermore, due to long-time ditching, hydrologically transformed peatland forests of
dwarf-shrub, lingonberry and herb-rich types are met. Moreover, some fields of mire
origin, part of them abandoned, and peat harvesting areas are found (approximately 10
ha). The edges of the mire are almost completely densely drained, whereas the centre is
in an almost natural state. The degree of naturality is about 30 %. (Stén 1997).
Literature concerning Nahniansuo mire:
x
x

Mäkilä, M. & Grundström, A. 2008. The age and growth of peat in mires of south-western
Finland (in Finnish with an English abstract). Posiva Oy, Working Report 2008-12. 30 p.
Stén, C-G. 1997. The mires investigated and the usefulness of peat in Huittinen, Southwestern
Finland (in Finnish with and English summary). Geological Survey of Finland. Report of peat
investigation. Vol. 309, 42 p.
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Heikinsaarensuo (Yläne municipality)
Properties by GSF (Tuittila 1983; field work 1978–80)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
at 0–1 m depth, % of volume
...1–2m...
Nature conservation

55–59
41
27
8
1.4 (2.9)
4.1
3.8
5.8
42
58
Eriophorum, Scheuzeria, nanolignids
4.6
0.4
-

The mire is limited in NE by mire Jänessuo and in SW by a peat-based field. Elsewere it
is surrounded by till landscape. The mire slopes to southwest and the waters flow
through ditches to River Raasinjoki, which discharges to River Mynäjoki. (Tuittila
1983).
The bottom soil type is clay (25 %) in the southern parts of the mire and till (58 %) and
sand (17 %) in the northern part. Gyttja layers were found in 17 % of the survey points.
The origin of the mire is most probably in paludification of mineral soils. (Tuittila
1983).
The dominant mire site types are pine mires (83 %), the most common being
cottongrass pine bogs (TR; 50 %, mainly in central parts) and spruce–pine swamps
(KR; 35 %, by the edges). Some dwarf-shrub pine bogs (IR) and low-sedge fens (LkN)
are found, as well. The entire mire has been drained and the hydrological state of the
site types was 'transforming' by the time of the field work. (Tuittila 1983).
Literature concerning Heikinsaarensuo mire:
x

Tuittila, H. 1983. The peatlands of Yläne, Southwestern Finland. Partial report of peat resources
of the province of Varsinais-Suomi (in Finnish with an English abstract). Geological Survey of
Finland, Peat Researches, Report of peat investigation. Vol. 139, 144 p + 7 app.
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Vaskijärvi (Yläne and Mynämäki municipalities)
Properties (Tuittila 1983; field work 1978–80)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

58–61
270

3.7 (-)
4.4
3.3
6.2
84%
16%
Eriophorum, Scheuzeria, lignids, nanolignids
Not studied
Part of Vaskijärvi Nature Reserve and Natura 2000 (SCI;
FI0200085). (www.ymparisto.fi).

The Vaskijärvi mire borders on Lake Vaskijärvi in SE, on mires Kaukosuo and
Vesiraumanrahka in S, on mire Papinsuo in N and on till and bedrock landscape
elsewhere. The waters flow from the southern part of the mire to ditch Kajanoja, which
drains via River Laajoki into Mynämäenlahti bay. From the northern part, the waters
flow to lakes Elijärvi or Iso Valasjärvi, which discharge via River Merijoki and Lake
Lamssijärvi into River Laajoki. The mire slopes towards southwest. (Tuittila 1983).
The bottom is mainly till (21 %), which is often covered by a thin sand layer (26 %).
Bedrock accounts for 26 %. In the central parts, there is gyttja (33 %) between the
mineral soil and peat. (Tuittila 1983).
The mire nature is diverse, mainly raised bogs typical of coastal Finland, with some
Northfinnish elements. Pine bogs dominate (91 %), with hummock–hollow pine bogs
(KeR) covering 63 % and S. fuscum pine bogs 17 %. Treeless mires are mainly hollow
bogs (SiN; 9 %). The mire is mainly in natural state. A great deal of the park has been
protected as early as in 1956. At the borders, mire restoration work has been carried out.
(Tuittila 1983, www.ymparisto.fi).
The mires in the Nature Reserve are the best bird mires in Varsinais-Suomi. Wader,
woodpecker and predator bird species are diverse. Marks of bear, wolf and lynx have
been observed. (www.ymparisto.fi).
Literature concerning Vaskijärvi mire:
x
x
x
x

x

Mustakallio, P. 1970. Vaskijärven luonnonpuiston linnustosta (in Finnish: Of the birdlife on
Vaskijärvi Nature Reserve). Ornis Fennica. Vol. 3, p. 136 – 139.
Mustakallio, P. 1977. Vaskijärvi – heitteille jätetty luonnonpuisto (in Finnish: Vaskijärvi – A
forgotten Nature Reserve). Suomen Luonto. Vol. 4–5, p. 291–293.
Ruusunen, J. 2005. Vaskijärven Natura-alueen ennallistamissuunnitelma (in Finnish: Restoration
plan of Vaskijärvi Natura area). Metsähallitus, Etelä-Suomen luontopalvelut. 78 p.
Savola, K. 1993. Vaskijärven luonnonpuiston ja Pukkipalon aarnialueen kääväkäslajistoselvitys
(in Finnish: Survey of the Polyporales of Vaskijärvi Nature Reserve and Pukkipalo old-growth
forest area). Manuscript. Metsähallitus.
Tuittila, H. 1983. The peatlands of Yläne, Southwestern Finland. Partial report of peat resources
of the province of Varsinais-Suomi (in Finnish with an English abstract). Geological Survey of
Finland. Report of peat investigation. Vol. 139, 144 p + 7 app.
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x

Tukia, H. 1995. Vaskjärven ja Pukkipalon kovakuoriaisinventointi vuonna 1993 (in Finnish:
Inventory of the beetles of Vaskjärvi and Pukkipalo). Manuscript. Metsähallitus.

Jänessuo (Yläne municipality)
Properties by GSF (Tuittila 1983; field work 1978–80)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
at 0–2 m depth, % of volume
Nature conservation

60–61
30
24
12
1.7 (3.4)
4.5
2.8
6.4
76
24
Eriophorum, nanolignids, lignids, Equisetum
1.2
-

Jänessuo mire (Fig. 7-31) borders on mires Heikinsaarensuo and Pukinrahka in the
northwest, elsewhere it is surrounded by hummocky tills and open rock outcrops. The
mire slopes to northwest and the waters run through ditches to mire Heikinsaarensuo,
from which they further flow into rivers Raasinjoki and Mynäjoki. The main bottom
sediment is till (83 %). (Tuittila 1983).
The dominating mire site types are pine mires (100 %), of which the most dominating
are S. fuscum pine bogs (RaR; 67 %) and cottongrass pine bogs (30 %). The mire has
been drained, but the hydrological state has not started to transform. By the margins,
there is a dwarf-shrub pine bog (IR) zone. (Tuittila 1983).
Literature concerning Jänessuo mire:
x

Tuittila, H. 1983. The peatlands of Yläne, Southwestern Finland. Partial report of peat resources
of the province of Varsinais-Suomi. (In Finnish with an English abstract.) Geological Survey of
Finland, Peat Researches, Report of peat investigation. Vol. 139, 144 p + 7 app.
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Figure 7-31. Jänessuo mire with its watershed. GSF survey points are also shown. Background map and delineation of watershed:
Topographic database by the National Land Survey. Shades: digital elevation model by the same institute. Map layout by Pekka
Hurskainen/Pöyry Finland Oy.
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Harjunsuo (Kiikoinen municipality)
Properties
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

65 (DEM)
11 (Topographical base map)

-

The Finnish Forest Research Institute has carried out experiments concerning
regeneration of peatland forests on Harjunsuo mire.
Lammenrahka (Yläne municipality)
Properties (Tuittila 1983; field work 1978–80)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

69–79
500
461
414
4.0 (7.6)
4.0
3.3
5.1
68
32
Eriophorum, Scheuzeria, Equisetum, Phragmites, lignids
Not studied
Part of Kurjenrahka national park (FI0200084), founded in
1998; nowadays partly belongs to the Natura 2000
program as well. (www.ymparisto.fi).

The southeastern part of the mire borders on Lake Savojärvi, the western part on Lake
Mynäjärvi and the northern part on Haukkasuo mire. The waters of the western part
flow to Lake Mynäjärvi, which runs through the River Mynäjoki to Mynämäenlahti bay.
The waters from the southern part of the mire run to Lake Savojärvi, which runs to
River Järvijoki. The bottom sediments are mainly gravel and sand, below which there is
till at the edges and clay in the centre of the mire. (Tuittila 1983).
The vegetation is typical of a raised bog, with for example cloudberry, cranberry, bog
rosemary, Drosera spp., Carex limosa and C. chordorrhiza. The dominating mire site
types are pine mires (62 %), the most common being hummock–hollow pine bog (KeR;
30 %) and S. fuscum pine bog (RaR; 21 %). The most common type of the treeless
mires (38 %) is hollow bog (SiN; 23 %), which is found in the western and northern
parts of the mire. Plenty of ponds can be found in the northern part of the mire.
Hummock–hollow pine bogs (KeR) occur in the middle and southern parts of the mire.
Dwarf-shrub pine bogs (IR) occur on the edges of the mire. In the eastern parts of the
mire there are drained Sphagnum fuscum pine bogs (RaR). (Tuittila 1983,
www.ymparisto.fi).
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The birdlife is rich. Several pairs of cranes nest on the mire, as well as some mallards,
common teals, Eurasian golden plovers, northern lapwings, wood sandpipers, Eurasian
curlews, common snipes and yellow wagtails. There is a vital population of willow
grouses. Osprey nested on the mire until the 1990s. Common ravens, boreal owl, Ural
owl, goshawks and rustic buntings nest in the neighbouring forests. Siberian flying
squirrel is met in the National park area. (Kurjenrahkan kansallispuiston... 2006).
Despite the drainings carried out in some parts, large areas have preserved their pristine
nature. Extensive restoration work has been carried out in the drained areas.
(www.ymparisto.fi).
Literature concerning Lammenrahka mire:
x

x
x

x
x

x
x

Jokinen, J. 1997. Kurjenrahkan suunnitellun kansallispuiston kasvillisuus (in Finnish: vegetation
of the planned Kurjenrahka National Park). Metsähallitus. Luonnonsuojelujulkaisuja. Series A.
No. 66. 75 p.
Karlin, A. 1981. Kurjenrahkan kansallispuiston linnustoselvitys (in Finnish: Bird inventory of
Kurjenrahka National Park). Stencil. Metsähallitus.
Karlin, A. 1982. Auran kunnan opetuskohdekartoitus 1982 biologian ja maantieteen osalta (in
Finnish: inventory of teaching objects within Aura municipality concerning biology and
geography). Municipality of Aura.
Karlin, A. 1992. Kurjerahkan kansallispuiston linnusto. Stencil. Metsähallitus.
Kurjerahkan kansallispuiston hoito- ja käyttösuunnitelma (in Finnish: Plan for management and
use of Kurjenrahka National Park). 2006. Metsähallitus. Luonnonsuojelujulkaisuja. Series C 1.
72 p.
Lehtonen, J. (ed.). 1976. Tutkimuksia Turun seudun soilla (in Finnish: Investigations on the
mires of Turku area). Stencil. Varsinais-Suomen luonnonsuojeluyhdistys ry. Turku.
Tuittila, H. 1983. The peatlands of Yläne, Southwestern Finland. Partial report of peat resources
of the province of Varsinais-Suomi (in Finnish with an English abstract). Geological Survey of
Finland, Peat Researches, Report of peat investigation. Vol. 139, 144 p + 7 app.

Other mires in the Kurjenrahka National park
Kurjenrahka
Kurjenrahka mire is a raised bog, the largest almost continuous mire area in VarsinaisSuomi and one of the largest in Southern Finland. It is divided by islands of forest, and
the pool area (very wet) has concentrated on the western and northern parts of the mire.
The hummocks and hollows are clearly aligned and rands (marginal slopes) are well
developed. The lower parts of the rands are marsh labrador tea-dominated dwarf-shrub
pine bogs (IR) and the upper parts Calluna vulgaris-Sphagnun fuscum bogs. The portion
of sparsely forested bogs, especially hummock–hollow pine bogs (KeR), is noticeable.
There are a couple of long open tall-sedge fens (VSN) and S. fuscum bogs (RN). Two
large, ombrotrophic low-sedge bogs lie in the southeastern and southern parts of the
mire. Their dominant species is tussock cottongrass. Bog rosemary and cranberries are
common as well. The bottom layer consists of Sphagnum angustifolium and S. fuscum.
As typical, treeless mires dominate the laggs, where the vegetation is more eutrophic
than in other parts of the mire due to nutrient-rich waters. Species include e.g., common
reed, bog arum and bogbean. The birdlife is typical of mires is Varsinais-Suomi with
few nesting mallards and common teals, several cranes, Eurasian golden plovers, wood
sandpipers, common snipes and yellow wagtails. An excellent willow grouse population
is found. Another northern bird, rustic bunting, lives in willow bushes and pine bogs.
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Common ravens, boreal owls, Ural owls, black woodpeckers, three-toed woodpeckers,
Eurasian black grouses and western capercaillies nest in the neighbouring old forests.
(Kurjenrahkan kansallispuiston...2006, www.ymparisto.fi, www.luontoon.fi)
Laidassuo and Lakjärvenrahka
Laidassuo and Lakjärvenrahka mires are completely different from the large areas of
Kurjenrahka and Lammenrahka. The mires have developed between rocky forests and
are labyrinthine, partly densely forested, with small raised bogs of several site types. In
Laidassuo area, the rands are often missing completely or the rands and laggs are very
narrow. (Kurjenrahkan kansallispuiston...2006, www.ymparisto.fi, www.luontoon.fi)
Vajosuo
The central plateau of Vajosuo mire consists partly of a treeless or almost treeless
hummock–hollow pine bogs (KeR) and muddy hollow bogs. The field layer consists of
Carex limosa, Rhyncospora alba and Scheuzeria palustris and the bottom layer consists
of e.g. Sphagnum balticum, S. tenellum and S. cuspidatum. Pools can be found in many
places, candid water-lily growing in some of them. The laggs of the mire are mostly
tall-sedge spruce swamp (NK), where Carex rostrata and C. lasiocarpa are common
with scattered C. acuta and C. vesicaria. Bog rosemary, cranberry and lingonberry grow
on the hummocks. (Kurjenrahkan kansallispuiston...2006, www.ymparisto.fi,
www.luontoon.fi)
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Eurassuo (Eura municipality)
Properties by GSF (Toivonen 1994; field work 1978–88)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

76–80
103
72
55
4.1

84
16
Eriophorum, lignids, nanolignids
-

The southeastern side of Eurassuo mire (Fig. 7-32) borders on sandy landscape and
elsewhere by till. The edges, as well as the northwestern and southeastern ends of
Eurassuo have been drained. The latest drainings were carried out in 2008. An outfall
ditch runs from the southern end to Lake Pyhäjärvi, located in southwest. (Toivonen
1994, www.avi.fi).
The main bottom sediments are sand (58 %) and till. Here and there, a few centimetres
thick gyttja layer exists on the bottom sediments. The origin of the mire has most
probably been paludification of mineral soil. The surface peat contains some more
decomposed layers and varved (annually laminated) deposits. (Toivonen 1994).
The central part of Eurassuo consists mostly of hummock–hollow pine bog (KeR),
partly of low-sedge bogs (LkN). S. fuscum pine bogs (RaR) and dwarf-shrub pine bogs
(IR) are typical at the edges. In the drained edges, hydrologically transformed mires
(herb-rich and bilberry types) are typical. S. fuscum pine bogs and dwarf shrub bogs
dominate the margins. Occasionally, also hydrologically transformed spruce mires and
cottongrass pine bogs are met. At the SW corner there is an old waste-water pool.
(Toivonen 1994).
The birdlife is ordinary. However, osprey has been met on the area. (www.avi.fi)
In 2010 VAPO Oy gained a permit for peat production for energy, environmental and
horticultural uses on an area of 47.9 ha. The area has already dried due to surrounding
ditches. Annual production is ca. 22,500 m3 until 2035. (www.avi.fi).
Eurassuo mire is part of a project where the ancient history of the area is studied with
help of pollen and diatom analyses by the University of Eastern Finland, Joensuu
(www.avi.fi).
Literature concerning Eurassuo mire:
x
x

Mäkilä, M. & Grundström, A. 2008. The age and growth of peat in mires of south-western
Finland (in Finnish with an English abstract). Posiva Oy, Working Report 2008-12. 30 p.
Toivonen, T. 1994. The mires and peat reserves of Eura (in Finnish with an English abstract).
Geological Survey of Finland. Report of peat investigation. Vol. 283, 33 p. + 2 app.
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Figure 7-32. Eurassuo mire with its watershed. GSF survey points are also shown. Background map and delineation of watershed:
Topographic database by the National Land Survey. Shades: digital elevation model by the same institute. Map layout by Pekka
Hurskainen/Pöyry Finland Oy.
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Ilmiönsuo (Huittinen and Punkalaidun municipalities)
Properties by GSF (Stén 1997, Stén & Varila 1981; field
work 1970, -76, -96)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

80–90
528
551
482
4.0 (8.0)
4.0
3.2
5.7
87
13
Eriophorum, lignids, nanolignids, Equisetum, Scheuzeria
-

Ilmiönsuo mire (Fig. 7-34) is exceptionally long, 7.2 km and its width is approximately
1.2 km. Three centres have developed on this concentric raised bog. The surface slopes
from the middle parts to northwest and southeast. The waters flow via ditches starting
from the W, N, S and E sides to River Palojoki and further to River Kokemäenjoki. The
western end of the mire borders on a large esker, Huhtamonkangas, the northern side is
confined by areas of bedrock outcrops and till landscape, and the northwestern and
southeastern sides by clay areas. (Stén 1997).
The main bottom sediment is clay (68 %), which is covered in the deepest parts of the
mire by 10–50 cm thick gyttja and gyttja clay layers. The proportion of till is about 8 %.
Due to closeness of the esker, there are larger amounts of sorted sediments in the mire
pool than generally. Fine sand proportion is 5 %, that of sand 17 % and gravel 2 %. A
thin sand layer sometimes covers the clay layers. (Stén 1997).
The origin of the mire is in overgrowing of a lake (terrestrialization). Paludification of
the mineral soils in surrounding areas has later expanded the mire. (Stén 1997).
The most common site types are hummock–hollow pine bogs (KeR), hollow bogs (SiN)
with pools, low-sedge bogs (LkN) and S. fuscum bogs (RN), which are mainly found in
the central parts of the mire. By the edges there are dwarf-shrub pine bogs (IR), S.
fuscum pine bogs (RaR) and cottongrass pine bogs (TR; Fig. 7-33). The eastern side is
more eutrophic than the western side, and tall-sedge pine fens (VSR), spruce mires and
herb-rich hardwood–spruce swamps (RhK) can also be found. Transformed dwarfshrub, lingonberry and bilberry mires developed due to long-term draining can also be
found, as well as agricultural fields of mire origin. Peat has been harvested mainly from
the NW parts of the mire, occasionally also elsewhere, the areas covering approximately
7 ha. (Stén 1996).
The height of the hummocks on the mire surface is 2–4 dm. The edges of the mire are
almost entirely densely drained. A large portion of the centre is in natural condition, and
there are large pools and wet hollows. There have been efforts to drain the pools and
hollows of the southeastern part and the degree of naturality is ca. 58 % (Stén 1997).
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Figure 7-33. A cottongrass pine bog (photo from Juupajoki by Reija Haapanen/
Haapanen Forest Consulting).
Literature concerning Ilmiönsuo mire:
x

x

Stén, C-G. & Varila, T. 1981. Raportti Punkalaitumen turvevaroista ja niiden
käyttömahdollisuuksista (in Finnish: A report on the peat reserves of Punkalaidun and their
potential uses). Geological Survey of Finland. Report of peat investigation. Vol. 55, 67 p. + 2
app.
Stén, C-G. 1997. The mires investigated and the usefulness of peat in Huittinen, Southwestern
Finland (in Finnish with and English summary). Geological Survey of Finland, Report of peat
investigation. Vol. 309, 42 p.
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Figure 7-34. Ilmiönsuo mire with its watershed. GSF survey points are also shown.
Background map and delineation of watershed: Topographic database by the National
Land Survey. Shades: digital elevation model by the same institute. Map layout by
Pekka Hurskainen/Pöyry Finland Oy.
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Orhijoenrahka (Marttila municipality)
Properties
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

80–85 (DEM)
352 (Topographical base map)

Mainly owned by state, will be conserved later.

Orhijoenrahka is an exceptional mire complex, resembling slightly plateau bogs. It is
divided by a brook. The edges are partly herb-rich mineral soil forest and mesotrophic
pine bog. The northern part is flat low-sedge bog (LkN) and the western part hummock–
hollow pine bog. The brook is surrounded by deciduous tree-dominated tall-sedge
swamps (NK). Relatively extensive hydrological restoration works have been carried
out on the mire. (www.ymparisto.fi).
Kontolanrahka (Pöytyä and Loimaa municipalities)
Properties by GSF (Tuittila 1983; field work 1978–80)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

Additional information

80–86
881
828
764
4.2 (7.1; Korhola 1992)
4.4
3.4
6.5
88
12
Eriophorum, lignids
Very few
The mire belongs to the Mire Conservation Programme
(FI0200093) and will later be protected by law. It is owned
by the State. (www.ymparisto.fi).
The mean pH is 4.0 and ash content 1.5 % of dry mass.

Kontolanrahka mire (Fig. 7-35) is one of the biggest raised bogs in Southwestern
Finland. Also, features of plateau bogs are seen. The central part of the mire surface
rises to approximately 7 m higher than its surroundings. The slope of the mire is gentle
and the rise occurs within a wide zone. The centre supports several pools, surrounded
by a well-developed net of strings. Some forested islands exist. The catchment area is
12.4 km2. The mire is mainly bordered by clay fields and till soils. The bottom soil is
clay, covered in some places by sandy layers. The mire remains in quite a natural state,
although the edges have been ditched and some peat has been harvested. (Tuittila 1983,
Korhola 1992, www.ymparisto.fi).
There is AMS radiocarbon dating data of 40 samples, mainly of bryophyte remains. The
mire started to form through paludification of a small central area around 9,400 years
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ago. About a half of the present area of Kontolanrahka bog became paludified during
the first 2,000 years after its initiation, after which the horizontal expansion slowed
down, being largely regulated by the landscape topography (Väliranta et al. 2007).
The age-depth model (Yeloff et al. 2006) suggests three phases with differing
accumulation rates during the last 5,000 years. In the basal section, from 4,980 to 3,900
years ago, the accumulation rate was slow, 0.45 mm/y, probably because of repeated
fires. Accordingly, the data has to be considered more uncertain for the section between
500 and 450 cm. The peat accumulation was faster, 1.5 mm/y, at 3,900 years ago. A
second turn into a slower rate took place at 2,800 years ago, after which the rate was
0.96 mm/y up to the top of the peat core, excluding the top 25 cm (Väliranta et al.
2007). The obtained accumulation rates are in general compatible with earlier values
obtained from the Finnish raised bogs, ranging in general from 0.2 to 4.0 mm/y (average
approximately 0.5 mm/y; Korhola & Tolonen 1996).
Pine mires account for 58 %, treeless mires 36 % and spruce mires 1 %. As much as 88
% of the mire is in natural state. By the margins, there are some drained (7 %),
transforming (1 %) and transformed (4 %) mires. The central areas are dominated by
hummock–hollow pine bogs (KeR; 29 %) and hollow bogs (SiN; 24 %). At the western
and southern parts there are large areas of low-sedge bog (LkN; 10 %), with e.g.
deergrass, rannock-rush (Scheuzeria palustris), white beak-sedge (Rhynchospora alba),
sundews (Drosera spp.), cranberry and flatleaf bladderwort (Utricularia intermedia).
Sedges are abundant and include e.g. Carex magellanica, C. limosa and C.
chordorrhiza. S. fuscum pine bogs are also relatively abundant in the centre (RaR; 10
%). There the dwarfs include common heather, bog rosemary and dwarf birch. Also
cloudberry is met. By the edges, dwarf-shrub pine bogs are met (IR; 10 %). At the
western margin there is a thin belt of tall-sedge fen (VSN). In other locations, the sedgedominated laggs have been taken into cultivation. (Tuittila 1983, www.ymparisto.fi).
The birdlife on is rich for a Southfinnish raised bog with e.g. crane, red-throated diver,
hen harrier, eagle owl, tawny owl and waders such as wood sandpiper, European golden
plover, ruff, broad-billed sandpiper and redshank. Passerines typical for mires are
found, as well, such as meadow pipit, yellow wagtail, whinchat and skylark. The mire is
a significant autumn time resting place for cranes and geese. (www.ymparisto.fi).
The invertebrate life is rich and typical of a wide Southfinnish raised bog. However,
there is a substantial amount of northern influence, which is seen especially in the
species composition of spiders (www.ymparisto.fi).
Literature concerning Kontolanrahka mire:
x

x

x

Bingham, E.M., McClymont, E.L., Väliranta, M., Mauquoy, D., Roberts, Z., Chambers, F.M.,
Pancost, R.D. & Evershed, R.P. 2010. Conservative composition of n-alkane biomarkers in
Sphagnum species: Implications for palaeoclimate reconstruction in ombrotrophic peat bogs.
Organic Geochemistry. Vol. 41, no. 2, p. 214–220.
Charman, D.J., Blundell, A. & ACCROTELM members. 2006. A new European testate amoebae
transfer function for palaeohydrological reconstruction on ombrotrophic peatlands. J. Quaternary
Sci. Vol. 22, p. 209–221. ISSN 0267–8179.
Huttunen, A. & Tolonen, K. 2006. Mire development history in Finland. The Finnish
Environment. Vol. 23, p. 79–88.
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x

x

x
x

x

x

Jia, G., Dungait, J.A.J, Bingham, E.M., Väliranta, M., Korhola, A. & Evershed. R.P. 2008.
Neutral monosaccharides as biomarker proxies for bog-forming plants for application to
palaeovegetation reconstruction in ombrotrophic peat deposits. Organic Geochemistry. Vol. 39,
no. 12, p. 1790–1799.
Koponen, S. 2002. Spider fauna of peat bogs in southwestern Finland. European Arachnology
2000. In: Toft, S. & Scharff, N. (eds.). Proceedings of the 19th European Colloquium of
Arachnology, Århus 17-22 July 2000. Aarhus University Press, Aarhus. p. 267–271.
Korhola, A. 1992. Mire induction, ecosystem dynamics and lateral extension on raised bogs in
the southern coastal area of Finland. Fennia. Vol. 170, no. 2, p. 25–94.
Tuittila, H. 1983. Pöytyän turvevarat. Osaraportti Varsinais-Suomen turvevaroista (in Finnish:
The peat reserves of Pöytyä). Geological Survey of Finland. Report of peat investigation. Vol.
120, 97 p + 6 app.
Väliranta, M., Korhola, A., Seppä, H., Tuittila, E-S., Sarmaja-Korjonen, K., Laine, J. & Alm, J.
2007. High-resolution reconstruction of wetness dynamics in a southern boreal raised bog,
Finland, during the late Holocene: a quantitative approach. The Holocene. Vol. 17, no. 8, p.
1093–1107.
Yeloff, D., Bennett, K.D., Blaauw, M., Mauquoy, D., Sillasoo, Ü., van der Plicht, J. & van Geel,
B. 2006. High precision 14C dating of Holocene peat deposits: A comparison of Bayesian
calibration and wiggle-matching approaches. Quaternary Geochronology. Vol. 1, no. 3, p. 222–
235.
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Figure 7-35. Kontolanrahka mire with its watershed. GSF survey points are also shown. Background map and delineation of watershed:
Topographic database by the National Land Survey. Shades: digital elevation model by the same institute. Map layout by Pekka
Hurskainen/Pöyry Finland Oy.
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Pesänsuo (Mellilä municipality)
Properties by GSF (Tuittila et al. 1988; field work in 1975)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

82–88
18
16
14
- (6.7)
4.2
5.4
80
20
Eriophorum, nanolignids, lignids
The mire has been marked as conservation area in the
Regional plan.

Pesänsuo mire (Fig. 7-36) is nearly circular in shape. The surface of the bog is
approximately 7 m higher than the surrounding terrain and it is bordered by open
farmlands, and a stream Niinijoki, which is a tributary of the River Loimijoki, runs
N/NE of the bog. The bog expanse in a longitudinal direction is an almost planar
surface, sloping gently to the southeast, with a gradient of 80 cm over a distance of 300
m (0.2 %; 0.15°). This contrasts with the southwest–northeast direction, in which the
cross-section is rather convex. The rand (marginal slope) is exceptionally steep, with a
gradient of the northeastern slope of the cross-transect being 4.3 % (2.5°) and at the
southwestern slope 5.9 % (3.4°). The bottom of the mire is even and the material is clay.
(Tuittila 1988, Ikonen 1993).
The history of Pesänsuo mire has been studied with biotic and abiotic methods,
including 211 C-14 datings. Based on these data, mire initiation took place as a result of
primary mire formation after the area emerged from the Ancylus Lake at about 9,200
years ago. The paludification was later promoted by forest fires. Pesänsuo developed
initially as a swampy sedge fen with meso-eutrophic and meso-oligotrophic species and
was replaced by a true tall-sedge fen with more oligotrophic vegetation at about 8,900
years ago. The edaphic impoverishment continued with increasing peat depth and a
Spahgnum fuscum bog (RN) phase was attained 7,300 years ago in the bog centre and
6,400 years ago at the margin. (Ikonen 1993).
Peat growth during the sedge-fen phase and at the end of the minerotrophic stage was
approximately equal both in the bog centre and at the margin. After that the
development was no longer synchronous. The difference in the development of the mire
site types and in the hydrology between the sites may be explained by difference in the
water table, which, due to the slope of the margin, lies deeper than on the bog expanse.
The transgression of the mire, however, has been very slow, resulting in a distinctly
domed gross morphology and steep rands. The marginal parts have been drier than the
bog centre since the early phases of bog development. (Ikonen 1993).
For the Carex peat section, an average rate of 1.13 mm/y has been calculated, the
highest rate being 2.72 mm/y. In the Sphagnum peat strata the rate of peat increment
was rapid between 7,700 and 6,050 years BP (mean 1 mm/y, maximum 2.13 mm/y), but
slowed down (0.5 mm/y) between 6,050 and 5,000 years BP. Since 5,000 years BP,
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three phases (5,000–4,900, 4,200–3,800 and 2,500–2,400 years BP) with very high rates
of peat increment (max 3.22 mm/y) and interspersing low rates (0.5 mm/y) have been
recognised. For the whole peat sequence, a peat increment rate of 0.67 mm/y has been
calculated. For the last two millennia, a decreasing rate of peat increment, averaging
0.22 mm/y has been recorded. At marginal areas the rate of peat increment has been
slower than in a centre. The very low peat increment in the upper part of the profile
could be explained by secondary compaction, which is caused by drainage. (Ikonen
1993).
The central part, hummock–hollow pine bog (KeR), comprises about 45 % of the whole
bog area. There the proportion of hummocks is about 85 %, and that of the hollows
about 14 %; with the pools totally lacking. The hummock formations are broad, and
their heights generally range from 20 to 30 cm, reaching occasionally 40 cm. The
hollows, on the contrary, are restricted and vary in length from 4 to 19 m, with widths
ranging from 2.7 to 6.5 m. The hummocks and hollows show no clear alignment.
However, in peripheral parts, some hummocks show a concentric arrangement. The
field layer on the hummock level contains abundant dwarf shrubs. The most common
herb is cloudberry. On the whole, the species composition corresponds to ombrotrophic
vegetation of bogs in Southern Finland. In Eurola’s classification of mires (1962),
Pesänsuo represents the heather-rich (Calluna) type of a normal raised bog. The trend
toward dryness due to drainage and peat harvesting is seen both in the great number of
forest moss species (mainly Pleurozium schreberi) and partly in a quite dense pine
cover on the bog. (Tuittila 1988, Ikonen 1993).
The vegetation of the rand (marginal slope) is that of a true dwarf-shrub pine bog (IR).
Paludified V. myrtillus spruce forests (KR) are found around the bog. (Tuittila 1988,
Ikonen 1993).
Literature concerning Pesänsuo mire:
x
x
x
x

x
x
x

Donner, J. 1964. The Late-glacial and Post-glacial emergence of Southwestern Finland. Societas
Scientriarum Fennica Commentatitiones Physico-Mathematicae. Vol. 30, no. 5, 47 p.
Eurola, S. 1962. Über die regionale Einteilung der südfinnischen Moore. Annales Botanici
Fennici, Societatis Zoologicae Botanicae Fennicae, Vanamo. Vol. 33, no. 2, 243 p.
Ikonen, L. 1993. Holocene development and peat growth of the raised bog Pesänsuo in
Southwestern Finland. Bulletin 370. Geological Survey of Finland.
Ikonen, L. 1995. Rate of carbon accumulation in a raised bog, Southwestern Finland. In: Autio,
S. (ed.). Current Research 1993–1994. Geological Survey of Finland, Special Paper. Vol. 20, p.
135–137.
Kivinen E. 1934. Über die Stratigraphie des Pesänsuo-Moores in Mellilä, SW-Finland.
Maatalouskoelaitoksen Maatutkaosasto. Agrogeologisia julkaisuja. Vol. 34.
Mäkilä, M. & Grundström, A. 2008. The age and growth of peat in mires of south-western
Finland (in Finnish with an English abstract). Posiva Oy, Working Report 2008-12. 30 p.
Tuittila, H., Stén, C-G., Lehmuskoski K. & Svanbäck, L. 1988. The peat resources of
Southwestern Finland (in Finnish with an English summary). Geological Survey of Finland.
Report of peat investigation. Vol. 83, 248 p.
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Figure 7-36. Pesänsuo mire with its watershed. GSF survey points are also shown. Background map and delineation of watershed:
Topographic database by the National Land Survey. Shades: digital elevation model by the same institute. Map layout by Pekka
Hurskainen/Pöyry Finland Oy.
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Iso Vuohensuo (Yläne municipality)
Properties by GSF (Tuittila 1983; field work 1978–80)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

92–94
58
28
15
1.4 (4.4)
3.7
3.4
6.0
100
0
Scheuzeria, Eriophorum, lignids
Not studied

The mire borders on bedrock and till landscape. There are several mineral soil islands
within the mire. The mire slopes toward southwest and the waters flow via ditches to
Lake Raasinjärvi, which runs through River Mynäjoki watershed to Mynämäenlahti
bay. The bottom sediments are clay (in the centre) and till (at the edges). (Tuittila 1983).
The mire is completely treeless, the most common site types being low-sedge bog
(LkN; 75%) and hollow bog (SiN; 25%). The NE part is covered by drained hollow
bog. Low sedge bogs, either pristine or drained, dominate elsewhere. (Tuittila 1983).
Literature concerning Iso Vuohensuo mire:
x

Tuittila, H. 1983. The peatlands of Yläne, Southwestern Finland. Partial report of peat resources
of the province of Varsinais-Suomi (in Finnish with an English abstract). Geological Survey of
Finland, Peat Researches, Report of peat investigation. Vol. 139, 144 p + 7 app.

Reksuo (Somero municipality)
Properties by GSF (Haavisto et al. 1980; field work 1970–
72)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

93
577
485
430
4.3 (7.3)
3.4
3.0
5.4
84
16
Eriophorum, Scheuzerium, Phragmites, lignids,
nanolignids
Reksuo has been part of the Mire Conservation
Programme since early 1980s. It is a Natura 2000 area
(SCI; FI0200095). It is owned by the State
(www.ymparisto.fi).

Reksuo is a very representative raised bog, with its central plateau rising almost 4 m
above the margins. It is an intermediate between the concentric raised bogs and the
plateau bogs. The maximum length, in NW–SE direction, is 3.8 km and width 2.4 km. It
borders on extensively cultivated flat clay landscape. The bottom of the mire is clay, as
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well. The mire complex is well developed, unbroken and in a relatively natural state; the
naturality has somewhat suffered from ditching by the edges (Korhola 1992, Haavisto et
al. 1980, www.ymparisto.fi).
The hollow vegetation of the central plateau is dominated by rannoch-rush (Scheuzeria
palustris), white beak-sedge (Rhynchospora alba), mud sedge (Carex limosa) and
Sphagnum majus, and there are plenty of open mud surfaces and pools. The field and
shrub layers of the hummocks are dominated by 2–3 m tall Scots pines, common
heather and crowberry, and the bottom layer by Sphagnum fuscum, S. rubellum and
lichens. The mire has a broad rand (marginal slope) which is divided into a lower marsh
labrador tea-dominated dwarf-shrub pine bog (IR) and upper common heatherdominated pine bog. (Korhola 1992).
Reksuo area emerged from the sea slightly before the Anculys phase, during Yoldia
regression, ca. 9,600 years ago. The paludification started ca. 1,500 years later (no lake
sediments have been found in the bottom). (Korhola 1992).
Bird species include at least Eurasian golden plover, crane and wood sandpiper, which
mainly nest in Northern Finland (www.ymparisto.fi).
Literature concerning Reksuo mire:
x
x

x

x
x
x

x

.

Alm, J. 1997. CO2 and CH4 fluxes and carbon balance in the atmospheric interaction of boreal
peatlands. University of Joensuu, Publications in Sciences. Vol. 44, 118 p.
Haavisto, M., Grönlund, T., Lahermo, P. & Stén, C-G. 1980. Someron kartta-alueen maaperä.
Suomen geologinen kartta 1:100 000. Maaperäkarttojen selitykset. Lehti 2024 (in Finnish: Soils
of Somero area. The geological map of Finland 1:100 000. Explanations. Sheet 2024).
Geological Survey of Finland.
Korhola, A, Alm, J., Tolonen, K., Turunen, J. & Jungner, H. 1996. Three-dimensional
reconstruction of carbon accumulation and CH4 emission during nine millennia in a raised mire.
Journal of Quaternary Science. Vol. 11, no. 2, p. 161–165.
Korhola, A. 1992. Mire induction, ecosystem dynamics and lateral extension on raised bogs in
the southern coastal area of Finland. Fennia. Vol. 170, no. 2, p. 25–94.
Korhola, A. 1994. Radiocarbon evidence for rates of lateral expansion in raised mires in
Southern Finland. Quaternary Research. Vol. 42, no. 3, p. 299–307.
Korhola, A., Alm, J., Tolonen, K., Turunen, J. & Jungner, H. 1996. Spatial reconstruction of C
accumulation and CH4 emission during Holocene in an ombrotrophic mire complex. In:
Northern peatlands in global climatic change. Proceedings of the International Workshop,
Hyytiälä, Finland, 8–12 October 1995. Publications of the Academy of Finland. Vol. 06, no.1, p.
223–229.
Korhola, A., Tolonen, K., Turunen, J. & Jungner, H. 1995. Estimating long-term carbon
accumulation rates in boreal peatlands by radiocarbon dating. In: Proceedings of the 15th
International Radiocarbon Conference. Radiocarbon. Vol. 37, no. 2, p. 575–584.
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Isokeidas (Kankaanpää municipality)
Properties by GSF (Stén & Svanhbäck 1985; field work
1978–84)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks (of the > 2 m deep area)
at 0–1 m depth, % of volume
...1–2 m...
Nature conservation

100–107
107
47
21
1.3 (3.9)
5.0
3.8
5.8
39
61
Eriophorum, nanolignids, Equisetum, lignids
0.1
0.1
-

Isokeidas mire slopes towards N and S, where the waters also flow. It borders on gently
sloping till landscape, till covered rocky hills and in north layers of fine sand. The most
common bottom material is till (80 %), the rest being sand. Gyttja has not been found.
(Stén & Svanhbäck 1985).
The most common mire types are pine bogs (56 %), of which dwarf-shrub pine bogs
(IR) dominate. Wet treeless oligotrophig bogs cover 44 %, the most common types
being low-sedge bogs (LkN). Less than 10 % of the mire is in a natural state, due to
draining. (Stén & Svanhbäck 1985).
The Finnish Forest Research Institute has carried out experiments concerning
fertilization on Isokeidas mire.
Literature concerning Isokeidas mire:
x

Stén, C-G. & Svahnbäck, L. 1985. Kankaanpään itäosan suot ja niiden turvevarojen
käyttökelpoisuus (in Finnish: Mires of eastern part of Kankaanpää and the usage potential of the
peat resources). Geological Survey of Finland. Report of peat investigation. Vol. P13.4/85/173,
100 p.

Rapakonneva (Ikaalinen and Jämijärvi municipalities)
Properties (Mäkilä & Grundström 2008; field work in 1999)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

123–127
208
72
4
- (2.5)
5.1
6.4
77
23
Eriophorum, lignids
-
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Rapakonneva mire (Fig. 7-38) is located on the southern side of Hämeenkangas esker. It
borders on the densely ditched mire Vesisuo in east and on till landscape with bedrock
outcrops in south and west. In the centre of the mire, the surrounding drainings have
affected the hollows. However, old ditches are now being naturally filled. The main
bottom sediment is sand. The origin of the mire is in paludification of mineral soil
forests. (Mäkilä & Grundström 2008, www.sll.fi)
The central parts are dominated by hummock hollow pine bog (KeR) and low-sedge fen
(LkN), where on the intermediate levels grow deergrass (Trichophorum cespitosum;
Fig. 7-37), tussock cottongrass (Eriophorum vaginatum), fewflower sedge (Carex
pauciflora) and cloudberry. The edges support hydrologically transforming cottongrass
pine bogs (TR) and tall-sedge pine fens (VSR). On the NE and N sides, the
groundwater influence of the esker is reflected in more demanding flora. On the
mesotrophic tall-sedge fen (VSN), e.g. bottle sedge and slender sedge (Carex
lasiocarpa) and occasional herbs are met. (Mäkilä & Grundström 2008, www.sll.fi).
The birdlife of the mire is valuable. For example willow grouse has been met. Other
species include Eurasian golden plover, wood sandpiper, crane, northern grey shrike and
yellow wagtail. (www.sll.fi).
Literature concerning Rapakonneva mire:
x

Mäkilä, M. & Grundström, A. 2008. The age and growth of peat in mires of south-western
Finland (in Finnish with an English abstract). Posiva Oy, Working Report 2008-12. 30 p.

Figure 7-37. Deergrass (Trichophorum cespitosum; photo by Reija Haapanen/
Haapanen Forest Consulting).
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Figure 7-38. Rapakonneva mire with its watershed. Background map and delineation of
watershed: Topographic database by the National Land Survey. Shades: digital
elevation model by the same institute. GSF survey points are also shown. Map layout by
Pekka Hurskainen/Pöyry Finland Oy.
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Häädetkeidas (Parkano and Karvia municipalities)
Properties
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks
Nature conservation

~144–155 (Topographical base map)
409 (Topographical base map)

Part of the area has been protected as a Strict Nature
Reserve. The rest is also mainly owned by the State. It is
also a Natura 2000 site (SCI; FI0336004).
(www.ymparisto.fi).

Häädetkeidas is a raised bog. The Nature Reserve was founded as early as in 1956 and
was administrated by the Finnish Forest Research Institute. The mire nature has been
studied from early 1930s on: the first paludification experiments were founded in 1931
by Paasio and these have been re-inventoried in the 1940s, 1950s and 1997. The Finnish
Forest Research Institute has carried out experiments concerning growth of peatland
forests, as well. Permanent vegetation sample plots have been established in 1996
(Kalpio 1998) and in the surrounding Natura area in 2000 (Kärkkäinen & Siivonen
2003). From 2002 on, the area has been managed by the Metsähallitus (Koistinaho
2001).
The mire site types are mainly ombro- and oligotrophic, with few herbs. Landscape is
dominated by pine bogs, the centre being hummock-hollow pine bog (KeR). Of the
nutrient-rich types, small areas of swampy fens (LuN) are met on the northern side of
Lake Häädetjärvi. Also mesotrophic Vaccinium myrtillus spruce swamps (MK) exist.
Meso-eutrophic common reed, a relict from earlier phases, is found occasionally
(Kalpio 1998, Koistinaho 2001).
From the point of view of birds, the pine bog-dominated area is poor. The birdlife has
been inventoried in 1986, and in larger area in 1993–1998. Flying squirrel and otter are
met (Koistinaho 2001, www.ymparisto.fi)
Literature concerning Häädetkeidas mire:
x

x
x
x
x

Damman, A.W.H., Tolonen, K. & Sallantaus, T. 1992. Element retention and removal in
ombrotrophic peat of Häädetkeidas, a boreal Finnish peat bog. Mires and peat. Vol. 43, no. 4–5,
p. 137–145.
Häyrinen, U. 1964. Häädetkeitaan luonnonpuiston linnustosta (in Finnish: Of the birdlife in
Häädetkeidas Nature Reserve). Unpublished. Archives of the Ministry of Environment. 3 p.
Kalpio, S. 1998. Häädetkeitaan luonnonpuiston kasvillisuus 1996. Finnish Forest Research
Institute. Publication series of research forests. Vol. 1998, no 12, 29 p. + app.
Koistinaho, T. 1997. Parkanon Häädetjärven seudun linnusto 1993–1997 (in Finnish: Birdlife in
the region of Häädetjärvi in Parkano in 1993–1997). Satakunnan Linnut. Vol. 28, p. 31–39.
Koistinaho, T. 2001. Häädetkeitaan luonnonpuiston ja lähiympäristön linnusto 1993–1998 (in
Finnish: Birdlife in and around Häädetkeidas Nature Reserve in 1993–1998). Finnish Forest
Research Institute. Publication series of research forests. Vol. 25, 59 p.
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x

x
x
x

x

Kärkkäinen, K. & Siivonen, N. 2003. Häädetkeitaan Natura-alueen kasvillisuus vuonna 2000 (in
Finnish: Flora of Häädetkeidas Natura area in 2000). Finnish Forest Research Institute.
Publication series of research forests. Vol. 2003, no. 26, 104 p.
Larmola, T. 1997. Soistumisen eteneminen Häädetkeitaalla vuosina 1931–1997 (in Finnish:
Progressing of paludification in Häädetkeidas in 1931–1997). Stencil. 29 p.
Paasio, I. 1933. Über die Vegetation der Hochmoore Finnlands. Acta Forestalia Fennica. Vol.
39.3, 210 p.
Paasio, I. 1935. Über die Vegetation des Kermihochmoores Häädetkeidas in Westfinnland (in
Finnish with a German summary). Annales Botanici Societatis Zoologicae-Botanicae Fenniae
Vanamo. Vol. 6, no. 2, 35 p.
Rajasärkkä, A., Vickholm, M. & Virolainen, E. 1993. Karkalin, Vesijaon ja Häädetkeitaan
luonnonpuistojen pesivä maalinnusto (1986) (in Finnish: Nesting terrestrial birds of Karkali,
Vesijako and Häädetkeidas National parks (1986)). In: Metsäntutkimuslaitos,
Metsänkasvatuksen tutkimusosasto. Linnustoselvitys. p. 23–35.

Liesineva (Parkano municipality)
Properties by GSF (Stén & Svahnbäck 1989; field work in
1980–83)
Elevation, m a.s.l
Area, ha (geological mire)
> 1 m deep
> 2 m deep
Average (max) depth of meas. points, m.
Average degree of humification (von Post)
...of poorly humified surface peat
...of moderately and well hum. bottom peat
Peat types, % of peat volume
Sphagnum-dominated
Carex-dominated
Additional components of peat
Tree trunks (of the > 2 m deep area)
at 0–1 m depth, % of volume
...1–2 m...
Nature conservation
Additional information

151–156
68
49
36
2.1 (4.9)
6.2
3.8
6.8
14
86
lignids, nanolignids, Eriophorum
0.1
0.0
The mean pH is 4.9 (4.0–5.6), ash content 4.1% (1.7–8.7)
of dry mass, water content 90.7% (87.0–92.9) of wet
3
mass and dry bulk density 85 kg/m (59–130).

The surface of Liesineva mire slopes toward northwest, where the waters also flow. It
borders on gently sloping till landscape and mire areas, on the western side there are
agricultural fields. The most common bottom sediment is fine sand (56 %), the rest
being till. Thin gyttja layers exist on the bottom. (Stén & Svahnbäck 1989).
The most common mire site types are pine bogs (47 %), of which tall-sedge pine fens
(VSR; 24 %) and S. fuscum pine bogs (RaR; 23 %) dominate. Treeless mires cover
39 % and are almost entirely tall-sedge fens (VSN; 38 %). Of spruce mires, the most
common is paludified V. myrtillus spruce forests (KgK; 14 %). The hummocks cover 14
% of the surface, being 2.3 dm high, on average. The mire is entirely ditched. (Stén &
Svahnbäck 1989).
The Finnish Forest Research Institute has carried out experiments concerning
hydrology, nutrition, Cs distribution and fertilisation on Liesineva mire. Tree stand
properties have also been measured.
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Literature concerning Liesineva mire:
x
x

x
x

x
x

x

x

x
x

x

x

Ahti, E. 1983. Fertilizer-induced leaching of phosphorus and potassium from peatlands drained
for forestry. Communicationes Instituti Forestalis Fenniae. Vol. 111, 20 p.
Hartman, M., Karsisto, M. & Kaunisto, S. 1996. Carbon dioxide emissions and nutrition on a
drained pine mire – a case study. In: Laiho, R., Laine, J. & Vasander, H. (eds.). Northern
Peatlands in Global Climatic Change. Publications of the Academy of Finland. Vol. 1996, no. 1,
p. 89–94.
Huikari, O. 1959. Über den Wasserhaushalt waldentwässerter Torfböden (in Finnish with a
German summary). Communicationes Instituti Forestalis Fenniae. Vol. 51.2, 45 p.
Kaunisto, S. & Sarjala, T. 2003. Foliar potassium concentrations of bilberry, bog bilberry and
downy birch as indicators of potassium nutrition of Scots pine on a drained peatland. Silva
Fennica. Vol. 37, no. 3, p. 325–332.
Kaunisto, S. 1989. Effect of refertilization on tree growth in an old drainage area (in Finnish
with an English summary). Folia Forestalia. Vol. 724, 15 p.
Kaunisto, S., Aro, L. & Rantavaara, A. 2002a. Effect of fertilisation on potassium and
radiocaesium distribution in tree stands (Pinus sylvestris L.) and peat on a pine mire.
Environmental Pollution. Vol. 117, p. 11–119. .
Kaunisto, S., Aro, L. & Rantavaara, A. 2002b. Effect of fertilisation and draining intensity on the
foliar radiocaesium and potassium concentrations of Scots pine on drained peatland.
Radioprotection- Colloques. Vol. 37, no. C1, p. 569–572.
Nieminen, M. 2000. Phosphorus fertilizer leaching from drained ombrotrophic peatland forests:
empirical studies and modeling. Finnish Forest Research Institute. Research Papers. Vol. 756, 50
p.
Paavilainen, E. 1984. Nitrogen and micronutrients in the refertilization of drained pine swamps
(in Finnish with an English summary). Folia Forestalia. Vol. 589, 28 p.
Rautjärvi, H., Kaunisto, S. & Tolonen, T. 2004. The effect of repeated fertilizations on volume
growth and needle nutrient concentrations of Scots pine (Pinus sylvestris L.) on a drained pine
mire. Mires and peat. Vol. 55, no. 2, p. 21–32.
Saarinen, M. 2002. Effect of vegetation and site preparation on the restocking of Scots pine and
birch in dwarf-schrub and Vaccinium vitis-idaea type peatland forests. Mires and Peat. Vol. 53,
no. 2, p. 41–60.
Stén, C-G. & Svahnbäck, L. 1989. Inventory of mires and peat resources. Parkano, Western
Finland. Part 1 (in Finnish with an English abstract). Geological Survey of Finland. Report of
peat Investigation. Vol. 234, 142 p.
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CONCLUDING REMARKS

This working report describes a process, which resulted in selecting a set of 27 lakes
and 33 mires, considered suitable as analogues for future lakes and mires developing in
the nearby areas of Olkiluoto Island. A study area, so-called Reference area, was
delineated and essential GIS materials were acquired for this area, to be used in the
selection process s well as in other biosphere-related studies. Other data sources were
databases and published studies.
Of the described lakes and mires, a smaller sub-set of 11 lakes and 11 mires were
selected for a closer look. For these, watersheds were calculated and maps showing their
extent, the extent of the watershed, the surrounding topography, soil types and major
landscape elements were drawn. For the mires, the data on the B and C type survey
points of GSF were ordered.
Finally the following ones were selected as the most important analogues for future
lakes and mires developing in the terrain and ecosystems development modelling
(TESM) area and were presented in the Biosphere description 2009 report (Haapanen et
al. 2009):
x
Lakes:
x A lake chain (Poosjärvi, Kivijärvi and Lampinjärvi)
x A small lake (Valkjärvi or Lutanjärvi)
x An overgrown lake (Koskeljärvi and Suomenperänjärvi)
x
Mires:
x A very young mire (Olkiluodonjärvi)
x A young mire (Lastensuo)
x An old and large mire (Kontolanrahka)
x An old and small mire (Pesänsuo)
For the selected final objects, work continues with acquisition of more data (e.g. aerial
photographs and vegetation inventory maps), supplementary field work, GIS analyses
and interdisciplinary interpretation of the collected material.
The following uncertainties were detected during the process:
x
The lakes with most data are typically large lakes or lakes that have had
problems in their condition. Similarly, small mires have not been studied in the
economically focused peat surveys. Thus the selection of small-sized lakes and
mires was very random.
x
Parameters available for studied objects depend on the emphasis of the studies
carried out on them. Further, the temporal and spatial frequencies vary according
to the target lake or mire.
x
The properties of future lakes and mires in the Olkiluoto modelling area are
based on GIS analyses with partly inaccurate data and many assumptions. E.g.
climate change may drastically change the picture.
x
There are many axes of variation in lakes and mires. Not all axes were
comprehensively covered with the selected objects.
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x

The administrational borders are problematic when compiling data over a larger
area. Moreover, changes in these borders make comparisons over time very
difficult.
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9

SUMMARY

The landscape around Olkiluoto Island, a repository site for operational nuclear waste
and spent nuclear fuel, is going to change within the next millennia due to the postglacial land uplift. For instance, new lake ecosystems are going to be developed, part of
them further developing to mires. Primary mire formation will also occur, causing new
mires to develop directly from the emerging land. In order to obtain information of the
properties of these future lakes and mires, a project was initiated, where objects of
various successional stages were searched for as analogues of those expected to form at
the site. This working report describes the process, which resulted in selecting and
presenting a set of 27 lakes and 33 mires. A study area, so-called Reference area, was
delineated and essential GIS materials were acquired, to be used in the selection process
as well as in other biosphere-related studies. Other data sources were databases and
published studies.
Not only were the reference objects searched for, but their major physical, chemical and
biological parameters and surrounding environment were recorded from existing
studies, to the extent that was possible in each case. Apart from the subjects themselves
we were interested in birds, fish and other fauna living on/in them.
In order to help the reader to understand the parameters and their variation in the lakes
and mires of Southwestern Finland, some background is given e.g. of the development
and ecology of these objects, and the characteristics of the study area.
Of the described lakes and mires, a smaller sub-set of 11 lakes and 11 mires was
selected for a closer look. For both types, watersheds were calculated and maps showing
their extent, the extent of the watershed, the surrounding topography, soil types and
major landscape elements were drawn. For the mires, the data on the B and C type
survey points of GSF were ordered. Finally, 5 lakes and 4 mires were presented in the
Biosphere description 2009 report (Haapanen et al. 2009). Work continues with
acquisition of more data, supplementary field work, GIS analyses and interdisciplinary
interpretation of the collected material.
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APPENDIX 1. SPECIES MENTIONED IN THE TEXT
Table A1-1. Flora mentioned in the text.
Scientific name
Vascular plants
Agrostis canina
Alisma plantago-aquatica
Andromeda polifolia
Betula nana
Betula pendula
Betula pubescens
Calamagrostis purpurea
Calla palustris
Calluna vulgaris
Carex acuta
Carex canescens
Carex chordorrhiza
Carex globularis
Carex lasiocarpa
Carex limosa
Carex livida
Carex magellanica
Carex nigra
Carex pauciflora
Carex pseudocyperus
Carex rhynchophysa
Carex riparia
Carex rostrata
Carex vesicaria
Chamaedaphne calyculata
Cicuta virosa
Dactylorhiza incarnata
Drosera rotundifolia
Drosera spp
Elodea canadensis
Empetrum nigrum
Equisetum fluviatile
Eriophorum angustifolium
Eriophorum gracile
Eriophorum vaginatum
Iris pseudacorus
Isoëtes lacustris
Isoëtes spp.
Hydrocharis morsus-ranae
Juncus spp.
Juncus supinus

English name
velvet bentgrass
common water-plantain
bog rosemary
dwarf birch
silver birch
white birch

Finnish name

luhtarölli
ratamosarpio
suokukka
vaivaiskoivu
rauduskoivu
hieskoivu
korpikastikka
bog arum
vehka
common heather
kanerva
slender tufted-sedge
viiltosara
silvery sedge
harmaasara
string sedge
juurtosara
pallosara
slender sedge
jouhisara
mud sedge
mutasara
pale segde
vaaleasara
riippasara
common sedge, black sedge
jokapaikansara
fewflower sedge
rahkasara
hop sedge, cypress-like sedge varstasara
kaislasara
great pond-sedge
vankkasara
bottle sedge
pullosara
bladder sedge
luhtasara
leatherleaf
vaivero
cowbane
myrkkykeiso
early marsh-orchid
punakämmekkä
round-leaved sundew
pyöreälehtikihokki
sundews
kihokit
Canadian waterweed
kanadanvesirutto
crowberry
variksenmarja
water horsetail
järvikorte
common cottongrass
luhtavilla
slender cotton-grass
hoikkavilla
tussock cottongrass
tupasvilla
yellow iris
kurjenmiekka
lake quillwort
tummalahnanruoho
quillworts
lahnaruohot
European frog-bit
kilpukka
bog rushes
vihvilät
bulbous rush
rentovihvilä
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Table A1-1 cont'd. Flora mentioned in the text.
Scientific name
Lemna trisulca
Lobelia dortmanna
Lysimachia thyrsiflora
Lythrum salicaria
Menyanthes trifoliata
Molinia caerulea
Myriophyllum alterniforum
Nuphar lutea
Nymphaea candida
Oenanthe aquatica
Peucedanum palustre
Phragmites australis
Potamogeton natans
Potamogeton perfoliatus
Potentilla palustris
Rhododendron
tomentosum/Ledum palustre
Rhynchospora alba
Rubus chamaemorus
Rumex hydrolapathum
Sagittaria sagittifolia
Scheuzeria palustris
Schoenoplectus lacustris
Scirpus sylvaticus
Sparganium emersum
Sparganium erectum
Sparganium gramineum
Subularia aquatica
Trichophorum cespitosum
Typha latifolia
Utricularia intermedia
Utricularia vulgaris
Vaccinium myrtillus
Vaccinium oxycoccos
Vaccinium uliginosum
Vaccinium vitis-idaea

English name
ivy duckweed
water lobelia
tufted loosestrife
purple loosestrife
bogbean
purple moor-grass
alternate water-milfoil
yellow water-lily
candid water-lily
fine-leaved water-dropwort
milk parsley
common reed
floating pondweed
perfoliate pondweed
swamp cinquefoil
marsh labrador tea

Finnish name
ristilimaska
nuottaruoho
terttualpi
rantakukka
raate
siniheinä
ruskoärviä
ulpukka
lumme
liejupahaputki
suoputki
järviruoko
uistinvita
ahvenvita
kurjenjalka
suopursu

white beak-sedge
cloudberry
great water dock
arrowhead
rannoch-rush
common club-rush
wood club-rush
bur-reed
branched bur-reed
bur-reed
water awlwort
deergrass
common bulrush
flatleaf bladderwort
greater bladderwort
bilberry
cranberry
bog bilberry
lingonberry

valkopiirtoheinä
lakka
isohierakka
pystykeiholehti
leväkkö
järvikaisla
korpikaisla
rantapalpakko
haarapalpakko
siimapalpakko
äimäruoho
tupasluikka
osmankäämi
rimpivesiherne
isovesiherne
mustikka
isokarpalo
juolukka
puolukka
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Table A1-1 cont'd. Flora mentioned in the text.
Scientific name
Ferns
Gymnocarpium dryopteris
Dryopteris expansa
Mosses
Cladopodiella fluitans
Fontinalis antipyretica
Pleurozium schreberi
Pohlia nutans
Polytrichum sp.
Sphagnum angustifolium
Sphagnum balticum
Sphagnum capillifolium
Sphagnum cuspidatum
Sphagnum fallax
Sphagnum fimbriatum
Sphagnum fuscum
Sphagnum girgensohnii
Sphagnum magellanicum
Sphagnum majus
Sphagnum rubellum
Sphagnum russowii
Sphagnum tenellum
Sponges
Spongilla spp.

English name

Finnish name

oak fern
spreading wood fern

metsäimarre
isoalvejuuri

bog notchwort
willow moss
big red stem moss

Russow's sphagnum
delicate peat moss

silmäkerihmasammal
isonäkinsammal
seinäsammal
nuokkuvarstasammal
karhunsammalet
jokasuonrahkasammal
silmäkerahkasammal
kangasrahkasammal
kuljurahkasammal
sararahkasammal
viitarahkasammal
ruskorahkasammal
korpirahkasammal
punarahkasammal
vajorahkasammal
rusorahkasammal
varvikkorahkasammal
hentorahkasammal

freshwater sponges

järvisienet

hair mosses
fine bog-moss
Baltic bog moss
acute-leaved peat moss
toothed sphagnum
fringed bog-moss
common brown sphagnum
Girgensohn's sphagnum
midway peat moss
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Table A1-2. Fauna mentioned in the text.
Scientific name
Birds
Accipiter gentilis
Acrocephalus arundinaceus
Aegolius funereus
Anas acuta
Anas crecca
Anas platyrhynchos
Anas penelope
Asio flammeus
Botaurus stellaris
Bubo bubo
Bucephala clangula
Circus aeruginosus
Circus cyaneus
Corvus corax
Dryocopus martius
Emberiza rustica
Fulica atra
Gallinago gallinago
Gavia stellata
Grus grus
Lagopus lagopus
Lanius collurio
Lanius excubitor
Larus ridibundus
Lyrurus tetrix
Motacilla flava
Numenius arquata
Pandion haliaetus
Panurus biarmicus
Pernis apivorus
Philomachus pugnax
Picoides tridactylus
Pluvialis apricaria
Sterna hirundo
Strix uralensis
Tetrao urogallus
Tringa glareola
Tringa nebularia
Tringa totanus
Vanellus vanellus

English name

Finnish name

goshawk
great reed warbler
boreal owl
northern pintail
common teal
mallard
Eurasian wigeon
short-eared owl
Eurasian bittern
eagle owl
common goldeneye
marsh harrier
northern harrier
common raven
black woodpecker
rustic bunting
Eurasian coot
common snipe
red-throated diver
crane
willow grouse
red-backed shrike
northern grey shrike
common black-headed gull
Eurasian black grouse
yellow wagtail
Eurasian curlew
osprey
bearded reedling
honey buzzard
ruff
three-toed woodpecker
Eurasian golden plover
common tern
Ural owl
western capercaillie
wood sandpiper
common greenshank
common redshank
northern lapwing

kanahaukka
rastaskerttunen
helmipöllö
jouhisorsa
tavi
heinäsorsa/sinisorsa
haapana
suopöllö
kaulushaikara
huuhkaja
telkkä
ruskosuohaukka
sinisuohaukka
korppi
palokärki
pohjansirkku
nokikana
taivaanvuohi
kaakkuri
kurki
riekko
pikkulepinkäinen
isolepinkäinen
naurulokki
teeri
keltavästäräkki
kuovi
kalasääski
viiksitimali
mehiläishaukka
suokukko
pohjantikka
kapustarinta
kalatiira
viirupöllö
metso
liro
valkoviklo
punajalkaviklo
töyhtöhyyppä
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Table A1-2 cont'd. Fauna mentioned in the text.
Scientific name
Mammals
Alces alces
Arvicola terrestris
Castor fiber
Clethrionomys glareolus
Lutra lutra
Lynx lynx
Micromys minutus
Mustela erminea
Mustela lutreola
Mustela nivalis
Mustela putorius
Neomys fodiens
Odocoileus virginianus
Ondatra zibethicus
Pteromys volans
Reptiles
Bufo bufo
Lacerta vivipara
Lissotriton vulgaris
Natrix natrix
Rana arvalis
Rana temporaria
Vipera berus

English name

Finnish name

moose
water vole
beaver
bank vole
otter
lynx
harvest mouse
ermine
European mink
common weasel
European polecat
water shrew
white-tailed deer
muskrat
Siberian flying squirrel

hirvi
vesimyyrä
majava
peltomyyrä
saukko
ilves
vaivaishiiri
kärppä
vesikko
lumikko
hilleri
vesipäästäinen
valkohäntäpeura
piisami
liito-orava

common toad
viviparous lizard
smooth newt
European grass snake
moor frog
common frog
common adder

rupikonna
sisilisko
vesilisko
rantakäärme
viitasammakko
sammakko
kyy
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Table A1-2 cont'd. Fauna mentioned in the text.
Scientific name
Fish
Abramis ballerus
Abramis brama
Alburnus alburnus
Astacus astacus
Blicca bjoerkna
Carassius carassius
Coregonus albula
Coregonus lavaretus
Cyprinus carpio
Esox lucius
Gymnocephalus cernuus
Leuciscus leuciscus
Lota lota
Osmerus eperlanus
Perca fluviatilis
Phoxinus phoxinus
Rutilus rutilus
Salmo trutta
Salvelinus alpinus
Sander lucioperca
Scardinius erythrophthalmus
Thymallus thymallus
Tinca tinca

English name

Finnish name

blue bream
bream
bleak
crayfish
white bream
crucian carp
vendace
whitefish
carp
pike
ruffe
dace
burbot
European smelt
perch
Eurasian minnow
roach
brown trout
arctic char
pikeperch
common rudd
grayling
tench

sulkava
lahna
salakka
jokirapu
pasuri
ruutana
muikku
siika
karppi
hauki
kiiski
seipi
made
kuore
ahven
mutu
särki
taimen
nieriä
kuha
sorva
harjus
suutari
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APPENDIX 2. MAIN CHEMICAL PARAMETERS OF FINNISH LAKES
Table A2-1. Main chemical parameters of Finnish lakes.
Parameter
pH

Oxygen and
CO2

Hardness
Iron and
manganese

Nitrogen (N)

Phosphorus
(P)

Other
dissolved
substances

Organic
substances
and humus

Notes
pH in Finnish lakes is around 6.5-6.8 due to humus loading. Fish damages and
deaths are general with pH <5.5. The natural acidity is based on carbonic acid
balance, which is affected by the vital functions of organisms. The influence of
humic substances on the ion balance of waters is significant in Finland. In
places, the occurrence of sulphites has a crucial effect on acidity. Daily
fluctuation of pH can be great in the upper layer due to variations in the intensity
of photosynthesis (consumption of carbon dioxide).
Decomposition of organic matter can cause a considerable lack of oxygen. The
consumption of O is more intensive in the surface water than in near-bottom
waters, while the reserve of a lake is mainly dependent on the volume of the
deep water. If the primary production is intensive or the lake is polluted, all O
may be consumed in the deep water and it will be taken e.g. from sulphate and
nitrate. Later, when mixing with surface water the reduced substances may use
all of the O present in the surface water. CO2 is abundant in water. Carbon
dioxide dissolves in water producing carbonic acid (H2CO3), which further
dissociates into HCO3 and CO32-.
The hardness of water is determined by the amount of Ca and Mg salts. The
average hardness in Finland is approx. 1° dH and the waters are rather soft.
Dissolved ferrous ions are oxidized to ferric ions. In conditions of high oxygen,
Fe is oxidized as lake ore. In addition to O, Fe is affected by humic substances.
The iron content of bottom gyttja/mud may be as high as 16% and that of lake
ore 35-60%. Mg behaves relatively similar to Fe, but is reduced easier and
oxidizes harder.
In aquatic environments N is generally in the form of dissolved gas. Relatively
small amounts of nitrogen are dissolved as ammonium, nitrate, nitrite, urea and
dissolved organic compounds. The concentrations in water are usually in
connection with local land use. Organic N cannot generally be used by plants.
With abundant P, N may become the limiting factor
P is normally needed in very small amounts, but it often is a limiting factor due
to small concentrations. Aquatic flora can utilize only phosphate. P is easily
adsorbed on the surface of soil particles and relatively inmobile. Agriculture,
settlements and industry are often major sources of phosphorus and
eutrophication.
Silicon is a constituent of diatom shells, and it may limit intense diatom growth.
It originates in soil and bedrock and finally ends up in the bottom sediments.
Calcium is important in the buffering system, as well as in the supporting
structures. Magnesium is needed in energy transfer and as a constituent of
chlorophyll. Potassium is less important in water as in terrestrial environment.
Natrium's role in inland waters is limited to osmotic reactions. Sulphur is an
essential component of proteins. Chlorine quantities in inland waters are small.
Organic Cl compounds can be toxic to organisms and some accumulate in the
food chain. Micronutrients are needed especially by phytoplankton. All species
of algae probably need Cu, Mb and Z, and some need B, Co, I and V.
Dissolved organic substances have at least four origins: alloctonic origin,
substances developed through decomposition, photosynthates, and organic
substances produced and secreted by animals. Humus waters are rare in other
parts of the world, but the inland waters in Finland contain on average more
humus than any other dissolved substances. Chemosynthetic bacteria
decompose humus. In lakes of brown water the share of chemosynthesis in the
production can be as large as that of photosynthesis. An increase in the amount
of plant nutrients accelerates the decomposition of humus, which in turn may
increase oxygen consumption.
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APPENDIX 3. CHEMICAL PROPERTIES OF TILL IN THE REFERENCE
AREA



Figure A3-1. Aluminium concentration in fine fraction of till. Map layout by Antero
Keskinen/Pöyry Finland Oy.
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Figure A3-2. Iron concentration in the fine fraction of till. Map layout by Antero
Keskinen/Pöyry Finland Oy.
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Figure A3-3. The sum of base cations (Ca+Mg+K) in fine fraction of till. Map layout
by Antero Keskinen/Pöyry Finland Oy.
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Figure A3-4. Phosphorus concentration in fine fraction of till. Map layout by Antero
Keskinen/Pöyry Finland Oy.
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APPENDIX 4. FAUNA OF LAKES AND MIRES IN WESTERN FINLAND
Table A4-1. Fish species typical of lakes in Western Finland (Halkka et al. 1997).
Species (Finnish, scientific,
English)
Hauki, Esox lucius, pike
Järvitaimen, Salmo trutta m.
lacustris, brown trout
Muikku, Coregonus albula,
vendace
Siika, Coregonus lavaretus,
whitefish
Kuore, Osmerus eperlanus, smelt

Särki, Rutilus rutilus, roach

Säyne, Leuciscus idus, ide
Mutu, Phoxinus phoxinus,
minnow
Sorva, Scardinius
erythrophthalmus, rudd
Toutain, Aspius aspius, asp
Suutari, Tinca tinca, tench

Ruutana, Carassius carassius,
crucian carp
Salakka, Alburnus alburnus, bleak

Lahna, Abramis brama, bream

Made, Lota lota, burbot
Kymmenpiikki, Pungitius
pungitius,
nine-spined stickleback
Kivisimppu, Cottus gobio,
bullhead
Ahven, Perca fluviatilis, perch

Kuha, Stizostedion lucioperca
pikeperch
Kiiski, Gymnocepfalus cernuus,
ruffe

Habitat

Food

Reedbeds and other shores and shoals with
aquatic vegetation
Lives in inland rivers and lakes

Fish

Large lakes. Schooling fish. Large
variations in population sizes.
First prefer shallow shores, as adults
migrate
Lives on coasts and inland waters,
preferably in large, deep water bodies
Very undemanding. Thrives especially in
eutrophic vegetation-rich bays. Schooling
fish
Lives in rivers, lakes and seas. Don't thrive
in cloudy, eutrophic waters
Cannot tolerate acid or cloudy water. Lives
both in the sea and inland waters
Thrives in inland waters, but can also live by
the sea coast. Thrives best in shallow and
eutrophic conditions
Lives in lakes and rivers, less often in
brackish water
Thrives in inland waters, but can live in
brackish water as well. Lives in shallow
waters as bottom fish.
Thrives in inland waters, but can live in
brackish water with low salinity, as well.
Prefers warm waters
Lives in lakes, rivers and in brackish water.
Favours clean, oxygen-rich water.
Schooling fish.
Thrives in inland waters, but can live in lowsalt brackish water as well. Prefers slowly
flowing water.
Thrives in inland waters and coastal
brackish waters (low salinity).
An inland water fish, but can also live in
brackish water on the coast.
In inland waters, can also live in brackish
water.
Lives both in the Baltic Sea and inland
waters. Tolerates high temperatures and
acid waters.
Lives in lakes and brackish waters, in warm
and cloudy water. Dwells in open waters far
from the shores.
Thrives in inland waters, but can live in
brackish water low salinity as well.

First bottom fauna,
later fish

Bottom fauna or
zooplankton.
First plankton, later
bottom fauna and
juvenile fish
First zooplankton, later
bottom fauna
First plankton, later
bottom fauna
First plankton, later
bottom fauna
Fauna and flora

Predatory fish
Bottom fauna and
aquatic plants

Plankton and insects

Bottom fauna, aquatic
plants
First bottom fauna and
fish, later fish

Bottom fauna, small
fish and spawn
First zooplankton,
later bottom fauna and
smaller fish
First zooplankton, later
fish
Small fauna, juvenile
fish and spawn
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Table A4-2. Birds of raised bogs (Häyrinen 1980).
Species

Habitat

Keltavästäräkki, Motacilla flava, Yellow wagtail
Niittykirvinen, Anthus pratensis, Meadow pipit
Västäräkki, Motacilla alba, White wagtail
Kiuru, Alauda arvensis, Eurasian skylark
Metsäkirvinen, Anthus trivialis, Tree pipit
Pensastasku, Saxicola rubetra, Whinchat
Räkättirastas, Turdus pilaris, Fieldfare
Töyhtöhyyppä, Vanellus vanellus,Northern lapwing
Kapustarinta, Pluvialis apricaria,Eurasian golden plover
Punajalkaviklo, Tringa totanus, Common redshank
Sinisorsa, Anas platyrhynchos, Mallard
Tavi, Anas crecca, Common Teal
Tukkasotka, Aythya fuligula, Tufted duck
Telkkä, Bucephala clangula, Common goldeneye
Harmaalokki, Larus argentatus, Herring gull
Kalasääski, Pandion haliaetus,Osprey
Ampuhaukka, Falco columbarius,Merlin
Varis, Corvus corone, Carrion crow
Korppi, Corvus corax, Common raven

Wet parts with few trees, mire margins
Open central parts
Dwarf-shrub hummocks between pools
Vast, treeless, fairly dry mires
Pine mires on raised bogs
Pine mires on raised bogs
Pine mires on raised bogs
Large and wet raised bogs
Fairly dry mires
Mires close to the coast
Pools
Pools
Pools
Pools
Mires with open waters
Nests in thick pines
Raised bog pine stands
Close to gull communities
Spruce dominated margins

Table A4-3. Birds of forested mires (Häyrinen 1980).
Species

Habitat

Metsäkirvinen, Anthus trivialis, Tree pipit
Peippo, Fringilla coelebs, Chaffinch
Pajulintu, Phylloscopus trochilus, Willow warbler
Harmaasieppo, Muscicapa striata, Spotted flycatcher
Kirjosieppo, Ficedula hypoleuca, Pied flycatcher
Leppälintu, Phoenicurus phoenicurus, Common redstart
Käki, Cuculus canorus, Common cuckoo
Hömötiainen, Parus montanus, Willow tit
Talitiainen, Parus major, Great tit
Töyhtötiainen, Parus cristatus, Crested tit
Kulorastas, Turdus viscivorus, Mistle thrush
Räkättirastas, Turdus pilaris, Fieldfare
Riekko, Lagopus lagopus, Willow grouse/Red grouse
Teeri, Lyrurus tetrix, Eurasian black grouse
Kurki, Grus grus, Common crane
Sinisuohaukka, Circus cyaneus, Hen harrier
Suopöllö, Asio flammeus, Short-eared owl
Kalasääski, Pandion haliaetus, Osprey
Käpytikka, Dendrocopos major, Great spotted woodpecker
Pohjantikka, Picoides tridactylus, Three-toed woodpecker
Pikkutikka, Dendrocopos minor, Lesser spotted woodpecker
Tiltaltti, Phylloscopus collybita, Common chiffchaff
Punarinta, Erithacus rubecula, European robin
Laulurastas, Turdus philomelos, Song thrush
Pohjansirkku, Emberiza rustica, Rustic bunting
Järripeippo, Fringilla montifringilla, Brambling
Pyy, Tetrastes bonasia, Hazel grouse
Varpushaukka, Accipiter nisus, Eurasian sparrowhawk
Metsäviklo, Tringa ochropus, Green sandpiper

Pine mires
Pine mires, spruce mires
Pine mires, spruce mires
Pine mires, spruce mires
Pine mires, spruce mires
Pine mires
Pine mires
Pine mires, spruce mires
Pine mires, spruce mires
Pine mires, spruce mires
Pine mires
Pine mires
Pine mires at mire margins
Pine mires
Pine mires
Pine mires
Pine mires
Nests in thick pines on pine mires
Pine mires, spruce mires
Pine mires, spruce mires
Pine mires, spruce mires
Spruce mires
Spruce mires
Spruce mires
Spruce mires
Spruce mires
Spruce mires
Spruce mires
Spruce mires
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APPENDIX 5. LAKE PARAMETER LIST

1. General
ID
Watershed
X-coordinate
Y-coordinate
Elevation, m a.s.l.
2. Properties of the pool
Area, ha
Length of shoreline, km
Shape of shoreline
Topography of the pool
Shoreline length of the islands
Area of islands
Number of islands
Time of isolation
Volume, 1000 m3
Mean depth, m
Max depth, m
3. Hydrology
Water delay
Water flows

5. Environment
Grazing
Waste water load
Age of settlement
Industry
Ditching
Human impact

8. Flora and fauna
Phytoplankton
a-chlorophyll content
Primary production capacity
Algae species
Blooms of blue algae
Raphidophyceae

6. Discharge area
Area, km2
Bedrock
Soil
Vegetation
Topography
Land use

Significance of algal production
Algae monitoring program
Zooplankton
Bottom fauna
Vegetation
Species composition
Density of plant stands
Zonation

Area of agricultural fields %
Area of lakes %
Loading report
7. Water quality
Total-P
Phosphate-P
Total-N

Water level
Ammonium-N
Regulation
Nitrite/nitrate-N
Dams
Solids
Times of flood and low water
season
Oxygen
Lowering/rising of water level Oxygen saturation
Inlet rivers
Chemical O consumption
Outlet rivers
Precipitation
Evaporation
4. Soil
Soil type of the shoreline
Soil type of the bottom
Sediment
Smoothness of bottom
Boulders

Lower level of flora
Degree of overgrowing
Birds
Fish
Decomposers
9. Nature values
Natura 2000
Waterfowl Habitats Conservation
Programme
Significant waterfowl habitat
Shore Conservation programme

10. Restoration actions
External load

pH
Alkalinity
Cloudness
Colour
Electrical conductivity
Fe-content

Removal of aquatic plants
Dredging
Removal fishing
Chemical treatment
Rising of water level
Liming

Mg content

Restoration of bird habitat

Visible depth
General usability class
Water framework dir. type
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APPENDIX 6. MIRE PARAMETER LIST

1. General
X-coordinate
Y-coordinate
Elevation, m a.s.l.
Elevation above surrounding
landscape, m
Mire complex type
2. Properties of the pool
Area, ha
Topography of the pool
Shape of the pool
Number of islands
Time of isolation
Peat volume, 1000 m3
Mean depth, m
Max depth, m
3. History of development
Influence by topography
Hydrology
Climate
Peat formation
Peat accumulation

4. Hydrology

5. Soil
Soil type of the surrounding
landscape
Soil type of the bottom

9. Flora and fauna

6. Environment
Ditching
Peat production

Birds
Species composition

Forestry

10. Nature values
Natura 2000
Mire Conservation Programme

7. Discharge area
Area, km2
Bedrock
Soil
Vegetation
Topography
Land use
Area of agricultural fields %
Area of lakes %
8. Peat properties
Physical properties
Degree of decomposition
Botanical composition and plant
remains
Physical properties
Geochemistry
Peat constitution, decomposition

Water budget

Storage and water table
Soil water characteristics above
water table
Groundwater
Inlet ditches
Outlet ditches
Precipitation
Evaporation

Proportion of organic substances
in different peat and variations
with decomposition

Sorption properties
DOC
Inorganic chemistry, dominating
processes
Transport processes
Advection
Diffusion
Dispersion
Sorption

Vegetation
Mire site types

11. Restoration actions
Ditch filling
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