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ABSTRACT

Sarvilinna, Auri

Saving our streams - public willingness to participate in stream restoration in
Finland

Jyvaskyla: University of Jyvaskyld, 2020, 57 p.

(JYU Dissertations

ISSN 2489-9003; 259)

ISBN 978-951-39-8246-1 (PDF)

Yhteenveto: Pelastetaan purot! - Kansalaisten osallistumishalukkuus vesisttjen
kunnostukseen Suomessa

Diss.

Human actions have seriously changed global biodiversity, causing severe
habitat degradation and loss of habitats and species. Ecological restoration is seen
as a major tool to reverse this environmental change. Restoration projects might
be easier to accomplish if the local communities and other beneficiaries could be
more involved in the projects. In this thesis I studied the restoration of an urban
brook, the valuations associated to streams and the ecosystem services the
streams provide, and public willingness to participate, either by donating money
or by doing voluntary work, in the restoration of their nearby watercourses. The
work is based on an urban stream restoration project and three different primary
contingent valuation (CV) studies conducted in three geographical areas in
Finland. The results of this thesis showed that people in Finland are interested in
their nearby environment. The most valued ecosystem services provided by the
streams being among non-use values, such as the value of existence, quality of
downstream waters, and the value of scenery. Local residents are also willing to
share the responsibility and participate in the restoration of their nearby waters
by contributing their time and money to restore them. Participation of local
citizens and other stakeholders could be a valuable addition to the restoration of
watercourses in Finland. Restoration projects might be easier to accomplish, if
they were supported more by the local communities. Funding is often lacking in
sparsely populated rural areas where populations of endangered species and
other conservation values still exist. Knowledge of the intensity and preferred
means of public participation can help allocating budget funding more efficiently
and targeting it to the areas where public participation is scarce.

Keywords: Biodiversity loss; ecological restoration; ecosystem services; public
participation; stream restoration; willingness to pay.

Auri Sarvilinna, University of Jyviskyld, Department of Biological and Environmental
Science, P.O. Box 35, FI-40014 University of Jyviskyld, Finland
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Luonnon monimuotoisuus on vdhentynyt voimakkaasti ihmisen toiminnan
seurauksena. Elinympdristdjen ennallistaminen tai kunnostaminen ovat
menetelmid, joiden avulla voidaan korjata ihmistoiminnan vaikutuksia
ympadristossd. Tdssd vditoskirjatyossd tutkin kaupunkipuron kunnostusta,
purovesistdjen ja niihin liittyvien ekosysteemipalvelujen arvottamista ja
kansalaisten osallistumishalukkuutta ldhivesiensd kunnostukseen joko
lahjoittamalla rahaa tai tekemalld talkooty6td vesistdjen kunnostuksen hyviksi.
Tyd perustuu kaupunkipuron kunnostushankkeeseen ja kolmeen ehdollisen
arvottamisen = menetelmalld (contingent  wvaluation, CV) tehtyyn
maksuhalukkuustutkimukseen, jotka toteutettiin kolmella alueella eri puolilla
Suomea. Tutkimuksessani havaittiin, ettd suomalaiset ovat kiinnostuneita
lahivesiensd tilasta. Vastaajat kokivat tdrkeiksi vesiin liittyvit ei-kdyttoarvot,
kuten vesiston olemassaoloarvon, alapuolisten vesistdjen vedenlaadun ja
maisemalliset arvot. Vastaajat olivat myos halukkaita osallistumaan ldhivesiensa
kunnostamiseen joko rahallisesti tai tekemdlld talkootyo6td. Elinympéristojen
kunnostushankkeita voisi olla helpompi toteuttaa, jos paikalliset asukkaat ja
muut hyodynsaajat osallistuisivat nykyistd aktiivisemmin hankkeiden
suunnitteluun ja toteutukseen. Tdmd voisi myos lisdtd vesistojen
kunnostushankkeiden maé&drdd ja parantaa vesistdjen tilaa Suomessa.
Kunnostukseen osoitettuja varoja olisi tdlloin mahdollista kohdentaa esimerkiksi
harvaan asuituille alueille, joiden vesistdissa on merkittdvid luontoarvoja, mutta
mahdollisuuksia tai halukkuutta osallistumiseen on vahan.

Avainsanat: Biodiversiteettikato; elinympéristdjen ennallistaminen;
ekosysteemipalvelut; kansalaisten osallistaminen; maksuhalukkuus;
virtavesikunnostus.

Auri Sarvilinna, Jyviskylin yliopisto, Bio- ja ympidristotieteiden laitos PL 35, 40014
Jyviskylin yliopisto
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1 INTRODUCTION

1.1 Global state of the ecosystems in the Antrophocene

Human development and well-being are dependent on healthy natural systems
(WWF 2018). Throughout history, human societies have been using land, water
and wild species to sustain themselves (Galatowitch 2012). Already during pre-
historic times, inventions such as use of fire, farming animals, and development
of agriculture have had an impact on the Earth’s ecosystems. Despite this change,
our planet’s environment has been fairly stable during the last 10,000 years, a
period geologically known as the Holocene. However, during the past 200 years,
human actions have dramatically changed this stability, leading Earth to the
Antrophocene era, where human actions have become the main driver of
environmental change (Steffen et al. 2007).

The Antrophocenic era begins with the industrial revolution, when the use
of fossil fuels became common. The change has accelerated since the end of the
World War II: Earth’s population has doubled within fifty years and at the same
time the global economy has experienced a 15-fold growth (Steffen et al. 2007).
Since 1800, global population has grown sevenfold, now surpassing 7.6 billion,
and the global economy has grown 30-fold (Steffen et al. 2015). At the same time
the changes in nature have been remarkable. During the past fifty years the
world’s ecosystems have been changed by mankind more rapidly and
extensively than during any other period in human history (MEA 2005a, PBES
2019).

At present the main drivers of global biodiversity decline are habitat loss
due to changes in land and sea use and overexploitation of species (Maxwell et
al. 2016, WWF 2018, IPBES 2019). According to the Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services (IPBES) (2019), 75% of
the land surface is significantly altered, 66% of the ocean area is experiencing
increasing cumulative impacts, and over 85% of wetlands (area) has been lost.
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Land degradation due to many human-caused processes, such as unstable
agricultural and forestry practices, or urban expansion, is one of the leading
causes of biodiversity loss (IPBES 2018). Also, climate change is having a growing
effect on global biodiversity loss and the changes are already seen at ecosystem,
species and genetic levels (Maxwell et al. 2016, Scheffers et al. 2016). In marine
ecosystems overexploitation of fisheries is the most important driver of the
ecosystem change, whereas in freshwater and coastal ecosystems the change has
had several drivers: habitat conversion, modification of water regimes, pollution
and introduced species (MEA 2005a, Dudgeon et al. 2006, Reid et al. 2019).

As a response to these multiple stressors, an increasing number of the
world’s plant and animal species is declining in population size or geographic
distribution (Galatowitsch 2012). The Living Planet Index (WWF 2018) shows a
60% decline between 1970 and 2014, indicating that on average, wildlife
populations have declined by more than half during the past forty years.
According to the IUCN Red List criteria around 25% of terrestrial, freshwater and
marine vertebrate, invertebrate and plant groups are currently threatened with
extinction. More than 40% of amphibian species, almost a third of reef-forming
corals, sharks and shark relatives and over a third of marine mammals are
currently threatened. Also, it is estimated that about 10% of the insect species is
threatened with extinction (IPBES 2019). According to IPBES (2019), of an
estimated 8 million animal and plant species, around 1 million are threatened
with extinction.

Freshwater habitats are among most vulnerable environments for
biodiversity loss, habitat degradation being the leading cause of population
declines in freshwater systems (Dudgeon et al. 2006, Wiens 2015, WWEF 2018, Reid
et al. 2019). Freshwater habitats occupy only ~ 2% of the Earth’s surface, but
approximately 10.9% of all described animal species occur in freshwater
environments (compared to 76.8% in terrestrial environments and 12.4% in
marine environments (Wiens 2015). According to the Living Planet Index (WWF
2018), in the 20th century, freshwater fishes have had the highest extinction rate
worldwide among vertebrates.

Rockstrom et al. (2009a) introduced a Planetary Boundaries framework, to
demonstrate the anthropogenic changes on Earth. Planetary Boundaries aims to
define a safe operating space for humanity on the Earth, based on the functioning
and resilience of the Earth system (Rockstrom et al. 2009b, Steffen et al. 2015). The
approach is based on nine intrinsic biophysical processes that regulate the
stability of the Earth system and are clearly being modified by human action:
climate change, ocean acidification, stratospheric ozone depletion, change in land
use, rate of biodiversity loss, interference with the nitrogen and phosphorous
cycles, global freshwater use, chemical pollution and atmospheric aerosol
loading. According to the Planetary Boundaries approach, all these processes
have tipping points and crossing these boundaries could result in irreversible
environmental change, such as a moonsoon system shifting into a new state. A
change like this could have severe or even disastrous consequences for humans
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(Rockstrom et al. 2009a, Steffen et al. 2015). According to Rocktrom et al. (2009b)
three of these nine boundaries have already been overstepped.

Changes in biodiversity affect human well-being in many ways, as
humanity depends on intact, functioning ecosystems for a range of goods and
services (Scheffers et al. 2016). These benefits that people obtain from ecosystems
are called ecosystem services. There are several classifications of ecosystem
services (MEA 2005a, TEEB 2010, Haines-Young and Potschin, 2013), of which
the classification of Millennium Ecosystem Assessment (MEA) might be the best
known.

The Millennium Ecosystem Assessment (2005a) used a conceptual
framework to document, analyze and understand the effect of environmental
changes on ecosystems and human well-being (Carpenter et al. 2009). MEA
(2005a) divides the ecosystem services into four different categories: supporting
(e.g. nutrient cycling, soil formation and primary production), provisioning (e.g.
food, fresh water, wood), regulating (e.g. climate regulation, water purification)
and cultural (e.g. aesthetic, spiritual, recreational). The concept of ecosystem
services is important, as it makes it easier to understand the entirety of benefits,
material goods and non-material services that ecosystem services provide to
humans and their well-being (Alahuhta et al. 2013).

1.2 Recognition of the problem

The Millennium ecosystem assessment (2005a) made a clear statement that
human actions are depleting the Earth’s natural capital to an extent that the
ability of the planet’s ecosystems to sustain future generations can no longer be
taken for granted. However, it also stated that with the appropriate actions it
would be possible to reverse degradation (MEA, 2005a). There are several major
political attempts to tackle the environmental problems. International initiatives,
such as the Convention on Biological Diversity (CDB), UNDP Sustainable
Development Goals (SDGs) and European Union’s Biodiversity Strategy have
attempted to coordinate action to stop or reverse global biodiversity loss.

The most important of these initiatives is the Convention on Biological
Diversity, an agreement between 196 countries based on natural and biological
resources (CBD 2010; Johnson et al. 2017). The convention has three main goals:
to protect biodiversity; to use biodiversity without destroying it; and to share any
benefits from genetic diversity equally. In 2010, Convention on Biological
Diversity released The Strategic Plan for Biodiversity 2011-2020. This is a plan to
reduce loss of species and natural habitats and to ensure the amount of ecosystem
services while also improving planning and financing sustainable management
of the natural world (CBD 2010).

The strategic plan contains five strategic goals and each of these goals has
been split into smaller targets, the so-called Aichi Biodiversity Targets. Strategic
goal D: Enhance the benefits to all forms of biodiversity and ecosystem services focuses
on ecological restoration as a tool to reverse the global biodiversity loss. Its
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targets aim for the restoration of ecosystems that provide essential services
(Target 14) and the enhancement of the carbon contribution of biodiversity to
carbon stocks through restoration of at least 15% of the degraded ecosystems
(Target 15) (CDB 2010, Bullock et al. 2011). Throughout the targets, restoration is
seen as an important tool to conserve the biodiversity as well as a cost-effective
way to address climate change. Also, the UNDP Sustainable Development Goals
(SDGs) and the European Union Biodiversity Strategy aim to halt the loss of
biodiversity and help stop global biodiversity loss by 2020, with the additional
aim of restoring at least 15% of the degraded ecosystems by the year 2020 (CEC
2011).

The European Union Habitats Directive (92/43/EEC) lies in the center of
EU nature conservation law along with the Birds Directive (2009/147/EC). It
requires the member states to conserve or restore the threatened and endangered
habitats and species and also to establish the EU-wide Natura 2000 ecological
network of protected areas. Restoration is also an important part of the European
Water Framework Directive (WFD), (2000/60/EC) that provides a legal
framework for the management, protection and improvement of the quality of
water resources across the EU. The key target of the Water Framework Directive
is to restore Europe’s surface and ground waters to “good ecological status” by
the year 2015, or with some exceptions by the year 2021 or 2027.

International agreements and goals have been adopted on national level in
several countries that have made their national strategies to protect biodiversity.
In Finland, a national program called Finnish strategy and action plan for the
conservation and sustainable use of biodiversity 2012-2020 (Finnish Government
2012) aims to halt the biodiversity loss at a national level, with the focus on
restoration of degraded ecosystems and sustainable use of the natural resources.
EU member states implement the Water Framework Directive via national River
Basin Management Planning and Programmes of Measures that specify concrete
actions and how to monitor and review those actions (Boeuff and Fritch 2016) to
improve the state of waters. Also, the Finnish law, Act on the Organisation of
River Basin Management and the Marine Strategy (2004/1299), has been enacted
to assure assure the water ecosystems are sufficiently protected.

1.3 Restoration as a tool to reverse degradation and environmen-
tal change

For hundreds of years some societies and individuals have tried to fix ecological
damage caused by humans. The early attempts date back to forest loss and
“timber famines” in 17th century England and its colonies, followed by
reforestation programs in European colonies throughout the world (Galatowitch
2012). Other early restorations tried to solve environmental problems caused by
the mining industry in Canada and the United States and by land conversion due
to agriculture and poor farming practices in Australia and in United States,
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where the “Dust Bowl” of the 1930s led the federal government to create the Soil
Conservation Service. Even though a lot of academic research was done in the
field of restoration throughout the 20th century, it wasn’t until the 1980s that
restoration ecology became formally known as a distinct field of study and
practice (Galatowitch 2012).

The Society of Ecological Restoration (2019) defines restoration as a: “Process
of assisting the recovery of an ecosystem that has been degraded, damaged, or destroyed” .
As anthropogenic changes and the results of human exploitation of the world’s
ecosystems have become more evident, ecological restoration is becoming one of
the most important disciplines in environmental science (MEA 2005a, Montoya
et al. 2012).

Several political actors including states and international organizations
such as the United Nations Environmental Program (UNEP) have made
declaratory commitments to engage in ecological restoration as a means of
addressing global environmental change (Nellemann and Corcoran 2010, Baker
et al. 2014). The role of ecological restoration has increased also in global
environmental policy as way to offset the decline of ecosystems and ecosystem
services and biodiversity loss caused by humans (see e.g. Bullock et al. 2011,
Montoya et al. 2012, Aronson and Alexander 2013).

Societies benefit from ecological restoration in many ways (e.g. Aronson et
al. 2010, de Groot et al. 2013). The benefits might be direct or indirect such as
watershed protection, waste treatment and secondary productivity of the use to
people (Aronson et al. 2010). Restoration can also have an important role in
mitigating some of the effects of global warming (Clewell and Aronson 2006).
Ecological restoration can increase the productivity of farmlands, reduce soil
erosion and mudslides, and provide greater protection against floods and
offshore storms (e.g. Clewell and Aronson 2006).

As restoration is seen as a major tool to reverse the degradation of
biodiversity, it might have a great role in long-term conservation of natural
resources (Clevell and Aronson 2006, Aronson et al. 2010). De Groot et al. (2013),
studied the costs and benefits of ecosystem restoration across the broad range of
biomes and ecosystem types. In most studied cases the ecosystem restoration
provided more benefits than costs. If the full range of known benefits is
considered, ecological restoration may yield excellent returns on investment at a
mid-to-long-term perspective and it should not be seen simply a cost, but rather
an investment that brings multiple benefits and can help achieving policy goals
(De Groot et al. 2013). IPBES (2018) estimated that halting and reversing current
trends of land degradation could generate up to USD 1.4 trillion per year of
economic benefits and go a long way in helping to achieve the Sustainable
Development Goals.

There are various motivations for ecological restoration. The restoration
projects encounter professional and institutional norms as well as place-specific
interests and values (Clewell and Aronson 2006, Galatowitch 2012, Baker et al.
2014). Restoration programs can target many different ecological systems or
landscapes and can be conducted both in urban and rural areas. Projects vary in
scale, from limited, local experiments to huge catchment-wide projects (Baker et
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al. 2014). Restoration projects generally have a focus on either restoration of
species, restoration of ecosystem functions, or restoration of ecosystem services
(Galatowitch 2012), although ideally restoration can improve the health of a
whole ecosystem and also the ecosystem services it produces (Golet et al. 2006,
Rey Benayas et al. 2009).

Although every restoration project is unique according to the problems of
the ecosystem and aims and goals the project is facing, the process of ecological
restoration is typically very similar (see e.g. Hobbs and Norton 1996, Galatowitch
2012, Nilsson et al. 2016):

1) Identifying the processes that lead to environmental degradation

2) Determining realistic goals and measures of success

3) Developing methods for implementing the goals and incorporating them
into land management and planning strategies

4) Implementation of the restoration

5) Monitoring the restoration and assessing its success

Surrounding society typically sets various limitations to the project as local land
management and planning, local stakeholders and possible long-term changes in
the ecosystem should all be considered or allowed to participate in the restoration
process (Galatowitch 2012, Hobbs and Norton 1996).

There has been an ongoing debate about the success or failure of restoration
projects. Most critics target to the poor evaluation of the projects (Bernhardt et al.
2005). Also, several studies have indicated that of biological communities, such
as invertebrates of juvenile salmonids, have responded weakly to the habitat
restorations (e.g. Palmer et al. 2010, Jdhning 2011). Recently, ideas such as
stakeholder satisfaction (Marttila et al. 2016) and the relationship between
restoration, biodiversity and ecosystem services have been used to measure
restoration success (Rey-Benayas et al. 2009, Bullock et al. 2011, Trabucchi et al.
2012).

To successfully restore degraded ecosystems, we must first understand
landscape-level changes among disturbed areas and the mechanisms affecting
communities locally (Elo et al. 2016). According to community ecology, patterns
in the community and diversity of the species are influenced by four processes:
selection, drift, speciation and dispersal (Vellend 2010). For example, an
environmental change can act as a selective force to species composition (Scheffer
2001, Vellend 2010). Restoration success can also be strongly dependent on the
object and aim of the restoration. Effective methods to manage ecosystems
recovering from a disturbance such as species loss may be very different from
management needed following species invasions (Murphy and Romanuk 2012).
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1.4 River restoration

Rivers and streams are a fundamental part of water ecosystems. Running waters,
such as rivers and streams, provide various material goods and non-material
services, for example protection for floods, water purification and recreational
activities, for human well-being. Water related ecosystem services are important,
but often not visible or much appreciated in the society (Brauman et al. 2007; Perni
et al. 2012). However, there is an increasing understanding of the ecosystem
services that rivers and streams provide for (e.g. Bolund and Hunhammar 1999;
Everard and Moggridge 2012; Gaston et al. 2013).

Tributaries and floodplains connect pristine rivers to their catchment areas,
and rivers transport water, eroded soil material and nutrients form the upper
parts of the catchment downstream (Knighton 1988). Due to their intensive use,
fresh waters are severely threatened by human activities and running waters are
one of the most impacted natural ecosystems (e.g. Ricciardi and Rasmussen 1999,
Malmgqvist and Rundle 2002, Dudgeon et al. 2006, Perkins et al. 2010, Vorosmarty
et al. 2010, Reid et al. 2018). Especially stream ecosystems are under significant
anthropogenic pressure that causes severe habitat degradation and loss
(Ricciardi and Rasmussen 1999, Malmqvist and Rundle 2001, Allan 2004). Despite
the EU Water Framework Directives goals for the good ecological status of
waters, more than half of the European watercourses are reported to be in less
than good ecological status or potential. Rivers and transitional water bodies are
reported to be the most impacted (Haase 2012, EEA 2012).

Mankind has always used rivers and stream in various ways. Humans
have used running waters as waste and storm water conduits, and have
changed the natural characteristics of watercourses through channelizing,
piping, or damming. Such structural and resulting hydrological changes cause
problems such as declining water quality and increased erosion and flooding
(e.g. Malmqvist and Rundle 2002; Walsh et al. 2005; Atasoy et al. 2006, Violin et
al. 2011). The changes threaten the biodiversity of river and stream ecosystems
(Moore and Palmer 2005, Wang et al. 2013, Hale et al. 2014) as the physical
alteration of the channel and changes in their discharge have dramatically
reduced habitats in running waters (Poff et al. 1997, Brooks et al. 2003, Peipoch
et al. 2015).

Ecological restoration is one of the most important means to help river and
stream ecosystems degraded by human action. It is widely increasing as a
method to improve the state of running waters and also the ecosystem services
they provide (Kenney et al. 2012, Trabucchi et al. 2012, Bain et al. 2014, Palmer et
al. 2014). In the 1970s and 80s, river restoration projects were mostly aiming at
improving water quality. Later, the focus of restorations shifted to improving the
hydrological and morphological features of the channels and floodplains, mostly
by restoring local-scale aquatic and riparian habitats by adding boulders or large
woody debris to the channel, or by re-creating the morphological features of the
channel, for example by altering the habitat gradients and cross-sections or re-
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meandering channel forms (e.g. Jahning et al. 2010). Recently the focus of river
restorations has changed from local in-stream restorations to larger, basin-scale
restoration projects, with the aim of restoring not just the degraded running
water ecosystems, but also the associated ecosystem services (Bernhardt and
Palmer 2011, Trabucchi et al. 2012).

River restoration has become a growing industry and a significant
component of environmental policies around the world (Bernhardt et al. 2005,
Kondolf et al. 2006, Bernhardt et al. 2007, Trabucchi et al. 2012, Palmer et al. 2014,
Barak and Katz 2015). From 1990 to 2004, the US alone spent over $1 billion per
year on river and stream restoration projects (Bernhardt et al. 2005). In the EU,
the investments in restoration are behind those of the US, however restoration
still is one of the key tools for the implementation of Water Framework Directive.
Recently restoration has also become a growing industry to improve the
impaired river ecosystems in China (e.g. Che et al. 2012, Shang 2018) and other
parts of Asia (e.g. Alam 2013, Ryu and Kwon 2016).

1.5 River restoraton and degradation in Finland

Human action has also been changing the status of Finnish rivers and streams for
centuries. A majority of the country’s running waters have been dredged to
facilitate water transport of timber, with a total length of the dredged channels
being about 40,000 km (Muotka and Syrjdnen 2007). Finnish rivers have also been
dammed, dredged and regulated, first for use by early industry and later for
flood protection, recreational purposes and for hydropower production
(Marttunen et al. 2006).

Headwater streams in Finland are suffering from hydrological changes due
to extensive drainage for agriculture, forestry and urbanization. Also, peat bog
extraction can cause significant local pollution of watercourses (Mustonen 2013,
Sddksjdrvi et al. 2016). There are also hydro-morphological changes caused by
channelization, dams and water use (Louhi et al. 2011, Himaéldinen 2015). These
actions have led to problems with water quality, erosion, sedimentation and
flooding, and have caused severe stream habitat degradation and biodiversity
loss (e.g. Malmquist and Rundle 2001, Matthaei et al. 2010). Free dispersal and
migration are essential processes for the populations to survive even in natural
systems (e.g. Tonkin et al. 2018). In many river ecosystems, man-made migration
barriers such as dams and culverts prevent the river connectivity and natural
movement and migration cycles of many species such as salmonid fish
(Jungwirth et al. 2000, Erkinaro et al. 2017). According to Kontula & Raunio (2018),
climate change and invasive species are also potential threats to the Finnish
stream ecosystems in the future.

Due to extensive changes, streams are among the most vulnerable
ecosystems in Finland. The amount of the free-flowing river sections is estimated
to be only 26% of the total length of the rivers in Finland (www.luonnontila.fi).
Regional ELY-centres in Finland have estimated that the number of pristine
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streams in the country is only about 2% of the streams (Finnish Environment
Institute 2014, Hamaldinen 2015)

According to the Finnish Red List of Habitats (Kontula & Raunio 2018), 11%
of the running waters are estimated as Near threatened and 44% as Threatened
(classified either Vulnerable, Endangered, or Critically endangered). Only in
Northern Finland were running waters estimated to be in a class of Least concern.
In the most densely populated Southern Finland as much as 69% of the running
waters were classified as Threatened (Lammi et al. 2018) (table 1).

TABLE 1 The vulnerability of running waters in Finland and reasons for habitat
degradation in the watercourses and in their catchm