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ABSTRACT

Humans affect the environment at both local and global scales and the manifold of these
influences are considered major threats to global biodiversity. Both climate change and land-
use change have been two major drivers of the transformation in biodiversity. The observed
and projected changes in biodiversity by experts may not correspond with the general
appreciation among inhabitants or visitors of a region. This is why the study goals were to (I)
find the importance of biodiversity in two boreal landscapes in Sweden for both inhabitants and
visitors; (I1) discover if plausible future changes to land use with considering global change
will affect biodiversity in these catchments; and (l11) whether such projected biodiversity
change would affect people’s appreciation. The survey fieldwork was set in the summer of 2019
in the Vindeln and Savjaan area of Sweden and the biodiversity scenarios assessments were
conducted with the use of BioScore. In both catchments, survey participants found that the most
essential element of nature was a variety of wildlife and large areas of ‘untouched’ nature.
Respondents answers could be connected to either how aesthetically pleasing nature is, tourism,
the possibility of physical outdoor activities or from a conservational viewpoint. The BioScore
results showed that the present state Sweden had the most stable number of species whilst the
SSP1-scenario has more potentially increasing species than SSP3 for both catchments. Such
projected biodiversity change would affect the people’s appreciation as less variety in forest
composition would occur and a substantial loss in biodiversity is possible under these scenarios.
The environmental variables quantified in BioScore had a stronger negative effect than land
cover change for the SSP3-scenario, while the opposite occurred in SSP1. Both land cover
change and environmental change affect future biodiversity but are likely to affect different

species groups differently.
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ABSTRAKT

Mennesker pavirker miljget pa bade lokal og global skala, og mengden
av disse pavirkningene anses som store trusler mot det globale biologiske mangfoldet. Bade
klimaendringer og endring av arealbruk har vert to store padrivere for denne biologiske
forandringen i mangfoldet. De observerte og anslatte endringene i biologisk mangfold av
eksperter trenger ikke samsvare med den generelle forstaelsen blant innbyggere eller besgkende
i en region. Dette var grunnen til at studiemalene var a (1) finne hvilken betydning biologisk
mangfold i to boreale nedbgrsfelt i Sverige har for bade innbyggere og besgkende; (11) oppdage
om sannsynlige fremtidige endringer i arealbruk med hensyn til global endring vil pavirke
biologisk mangfold i disse to nedbgrsfeltene; og (I11) om slik prosjektert biologisk
mangfoldsendring vil pavirke folks forstaelse. Feltarbeidet med sparreundersgkelse ble
utarbeidet sommeren 2019 i Vindeln og Savjaan-omradet i Sverige, og vurderingene av
biologisk mangfold gjennom scenarioer var gjennomfert med bruk av BioScore. | begge
nedbgrsfeltene fant undersgkelsens deltakere at det viktigste elementet i naturen var variert
natur og store omrader av 'ubergrt' skog. Respondentenes svar kan knyttes til enten hvor estetisk
vakker natur er, turisme, muligheten for fysiske friluftslivsaktiviteter eller fra et
bevaringssynspunkt. BioScore-resultatene viste at Sveriges navaerende tilstand hadde det mest
stabile antallet arter, mens SSP1-scenariet har en hgyere mengde potensielt gkende arter enn
SSP3 for begge fangstomrader. En slik prosjektert biologisk mangfoldsendring vil pavirke folks
forstaelse da mindre variasjon i skogens sammensetning ville forekomme og et betydelig tap i
biologisk mangfold er trolig under disse scenariene. Miljgvariablene kvantifisert i BioScore
hadde en sterkere negativ effekt enn endring av arealbruk for SSP3-scenariet, mens det motsatte
skjedde i SSP1. Bade arealbruk og miljgendringer pavirker fremtidig biologisk mangfold, men

vil sannsynligvis pavirke forskjellige artsgrupper pa en annen mate.

Ngkkelord:

Biologisk mangfold, sparreundersgkelse, BioScore, klimaendringer, scenario, SSPs.
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1. INTRODUCTION

Humans affect the environment at both local and global scales and the manifold of these
influences are considered major threats to global biodiversity (Cahill et al., 2013; Hooper et al.,
2005; Kalnay & Cai, 2003; Loreau et al., 2001). Biodiversity is defined as the diversity within
and among species, but also diversity in ecosystems and genotypes (Hooper et al., 2005).
Anthropogenic impacts on biodiversity have been discovered all over the world: in every ocean
and on land, and in nearly all major taxonomical groups (Parmesan, 2006). Environmental
change can lead to loss of species and this again can transform how ecosystems function
(Hooper et al., 2005). The loss of biological diversity or species extinction is not reversible and
therefore is considered one of the most serious consequences of environmental change (Pimm
et al., 2001; Wilson, 1989). Climate change, land-use change, overexploitation and increased
nutrient availability are likely the strongest drivers of biodiversity change and species loss
(Hooper et al., 2005).

Climate change is undoubtedly an important driver of the changing biodiversity ((Oliver
& Morecroft, 2014)). Each species has a tolerance level that can be exceeded due to global
warming, like increased temperature and changed precipitation patterns (Armsworth et al.,
2004; Loreau et al., 2001). This sensitivity is decided by intrinsic factors and their genetic
diversity, which makes some species more sensitive than others (Williams et al., 2008). Climate
change alters species distribution, affects trophic networks, and in some cases can lead to
extinction since species are not adapted to the new conditions of the environment that now
might be outside their climatic niche (Bellard et al., 2012). This means that species have to be
able to adapt or acclimatize as fast as the climate to survive. One example of this is the increase
in temperature that is caused by global warming, which is a threat to species close to their upper
thermal tolerances (Somero, 2010). This temperature increase can also enhance the possibility
of heat stress in vulnerable species (Kearney et al., 2009) and without shade can exceed the
lethal thermal limit (Broadmeadow et al., 2011).

Land-use change has possibly been the main driver of environmental change in the past
centuries and is still on-going (Klein-Goldewijk et al., 2011). Land-use changes directly cause
habitat loss (Martinuzzi et al., 2015), and lead to changes in evapotranspiration and the albedo
effect (Popp et al., 2017). Land-use change can also cause indirect biological effects, e.g. on
population sizes, through its interaction on and with a contribution to climate change
(Rosenzweig et al., 2008). Land-use change may cause increases in anthropogenic CO>
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emissions and daily evaporation which affects the land surface energy and water balance (Foley
et al., 2005; Kalnay & Cai, 2003). Also without apparent change in land-use cover, increased
land-use intensity may involve a loss of biodiversity (Hendrickx et al., 2007; Kleijn et al., 2009).
One example of this is the loss of plant species with increasing nitrogen inputs with land-use
intensification (Kleijn et al., 2009). With a continued increase in the global human population,

a strong pressure exists to realise an increase in agricultural production (Godfray et al., 2010).

One important form of land-use change is the on-going urbanisation across the world,
with an estimated 70% of Europeans already living in cities and a further increase of 10%
projected for 2050 (Mdiller et al., 2018). Urban development causes habitat loss for native
species and is considered a major cause of local extinction (McKinney, 2002). Both forested
and agricultural land is converted to accommodate expanding peri-urban agglomerations
(Chapin et al., 2000).

Thus, both climate change and land-use change may have profound effects on biodiversity,
and their interaction may lead to unforeseen second-order effects (de Chazal & Rounsevell,
2009; Oliver & Morecroft, 2014). Studies made on only climate change or land-use changes
can over-estimate or under-estimate the potential loss of biodiversity as the interactions are
missing (de Chazal & Rounsevell, 2009; Jetz et al., 2007). Both Vermaat et al. (2017) and Sala
et al. (2000) predicted future changes by involving both land use and climate change as driving
factors of biodiversity loss and found terrestrial biomes like boreal, wetlands and grasslands

were highly affected.

In Scandinavia, land-use change and climate change are affecting biodiversity as well
(Lindborg et al., 2005; Linderholm, 2002). Examples are the near disappearance of untouched
old-growth forest (Ostlund et al., 1997) and the slow upward move of the treeline on
Scandinavian high mountains reducing the open habitat available for typical high mountain
species (Klanderud & Birks, 2003), or the disappearance of palsa mires in Finnmark (Farbrot
et al., 2013). However, it is not very clear whether such changes also occur in the more
widespread, ‘common’ Scandinavian habitats, such as the boreal forest and its associated mire

complexes.

Observed and projected changes in biodiversity by experts may however not correspond
with the general appreciation of biodiversity, or nature, among inhabitants or visitors of a
region. Kaltenborn et al. (2016) analysed the perception of biodiversity among a Gallup panel

sample of Norwegian citizens and found that 75% of the respondents consider biodiversity loss



as ‘real’, and 50% see it as a ‘considerable environmental problem’ but ranked it lower than
other recognised environmental issues. The authors’ interpretation is that the issue is not
perceived as sufficiently severe to trigger massive concern and policy action and they support
the claim by Martin-Lopez et al. (2007) for a focus on affection rather than a ‘cognitive fix’.
Christie et al. (2006) observed a generally positive attitude towards the protection of ‘rare’
species, but an indifference to how this is implemented. Major differences in perception and
actual use of the landscape in question may be a source of conflict and affect the credibility of
nature conservation policy measures (Gotmark, 2009). Hence, future changes in land use and
climate may affect boreal forest biodiversity, but this may well have little effect on the
appreciation of the landscape by residents or visitors. Assessing the importance of biodiversity
as an element in the appreciation of a changing landscape would help designing policy
instruments that will meet support and understanding among the public. This thesis uses
biodiversity as defined above, but is aware that the concepts of biodiversity, nature and

landscape are often strongly overlapping for the general public.

The goal of this study was to (1) find the importance of biodiversity in two boreal landscapes
in Sweden for both inhabitants and visitors; (11) discover if plausible future changes to land use
with considering global change will affect biodiversity in these catchments; and (111) whether

such projected biodiversity change would affect the people’s appreciation.

2. MATERIALS AND METHODS
2.1 Study areas

This study was conducted in two catchments in Sweden. The first is the Savjaan river
basin area in Uppsala county, situated in central Sweden (fig. 1a). The second is the southern
Vindeldlven river basin area based in Vésterbotten county, situated in northern Sweden (fig.
1b). The Savjadn catchment has a population of 35,347 people, a population density of 48
inhabitants / km? and a size of about 730 km? (Immerzeel et al., in review). Uppsala county
includes 60% woodland, of which most (91%) classifies as productive woodland (Table 1,
Forslund, 2015). The river in the Sévjaan area is of natural origin and moderate ecological

status®. The Vindeln catchment has a lower population with 4,713 inhabitants, a size of about

1 https://viss.lansstyrelsen.se/Waters.aspx?waterMSCD=WA82797609



https://viss.lansstyrelsen.se/Waters.aspx?waterMSCD=WA82797609

780 km? and a population density of 3 inhabitants/km? (Immerzeel et al., in review). The

Vindeldlven river reportedly has a good ecological and chemical surface water status?.

The two catchments were selected as they are part of a broader study of possible changes
in ecosystem services provided by Nordic catchments due to the implementation of
‘bioeconomy’ (Immerzeel et al., in review), making combined data collection practical. The
Séavjaan catchment has more towns and particularly more agricultural land than Vindeln,

whereas the latter has more forest and terrestrial nature (Table 1).
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Figure 1. Maps over the study areas retrived from the survey (Appendix B). a) Savjadn catchment and b) Vindeln catchment.

2 https://viss.lansstyrelsen.se/Waters.aspx?waterMSCD=WA56092023
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Table 1. Percentage of CORINE land cover distribution with CORINE coding in the two study catchments, Sévjaan and

Vindeln. The total areal percentage for each catchment is 100%. Data from Bossard et al. (2000).

CORINE class CORINE_ID Savjadn | Vindeln
Urban 1.1-14 2 1
Agricultural 2.1.1,2.3,24.2,2.4.3 32 6
Forest 3.1 60 75
Terrestrial Nature 3.2.1,4.1 5 15
Water 5.1 1 3

2.2 Modelling with BioScore 1

BioScore is a software tool intended to inform policymakers on possible impacts on
habitat suitability and sensitivity of European biodiversity concerning a selection of
environmental pressures. It is developed by the European Centre for Nature Conservation
(ECNC) (Delbaere et al., 2014; Vermaat et al., 2017). BioScore is a large, compiled relational
database that includes aggregated niche information on a large number of European species
from the following higher-order taxonomic groups: mammals, birds, freshwater fish, benthic
macrofauna, reptiles, amphibians, butterflies, dragonflies and vascular plants (Delbaere et al.,
2014). Data availability determined the richness and cover of the tool in different parts of
Europe. The tool has been used in several large-scale assessments (Eggers et al., 2009; Vermaat
etal., 2017).

The freely available version 1 of the BioScore tool was used to evaluate the effects of
changes in land use towards 2050 on biodiversity in both catchments. The comparatively coarse
spatial resolution of this tool allows to model individual countries or biogeographic regions.
The two catchments fall within the national boundaries of Sweden, and in those of the much
larger boreal biogeographic region. We chose to use Sweden and assume that this has only
quantitative effects on the abundance of most species included in the tool, rather than a
considerable shift in total species pool, as can be expected between biogeographic regions.

Changes in land use, which may affect biodiversity, were modelled with the help of
scenarios. In addition to a ‘current’ state, we chose to align our scenarios to those used in the
BIOWATER project?, to which the PhD project of Immerzeel is a contribution. BIOWATER
has translated the well-established shared socio-economic pathways (SSPs), which capture

global socio-economic development and boundary conditions (Kriegler et al., 2012), for

3 www.biowater.info
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Nordic, boreal catchments (Rakovic et al., in revision). In the present study we only used two
of the 5 SSPs in addition to ‘current state’: SSP1 and SSP3, and we used 2050 as time horizon.
Scenarios are often used by scientists to project outer envelopes of climatic but also socio-
economic change towards a near or further-away future (Kriegler et al., 2012; Riahi et al., 2017;
Sala et al., 2000; van Vuuren & Carter, 2014). The SSPs provide plausible descriptions and
quantifications of possible developments of socio-economic variables, but should not be
understood as predictions (van Vuuren et al., 2014). These socio-economic variables can for
example be population growth, economic development and rate of technological change (van
Vuuren & Carter, 2014). SSP1 has been labelled “Sustainability” and is considered to have little
socio-economic challenges to climate mitigation and adaptation (O’Neill et al., 2015). This
scenario is thought to have a focus on sustainable development, rapid technological change and
a trajectory dominated by environmentally friendly processes (O’Neill et al., 2014). As a result,
SSP1 portrays a world that focuses on sustainability and has a higher respect for environmental
boundaries (O’Neill et al., 2015). SSP3 is called “Regional Rivalry” and has greater challenges
to both mitigation and adaptation. CO2 emissions are high due to moderate economic growth,
population growth and slow-moving change in technological processes (O’Neill et al., 2014).
This world will have concerns about competitiveness and security and will, therefore, have
policies more oriented towards these issues instead of environmental policies (O’Neill et al.,
2015).

12



Table 2. BioScore inputs for environmental variables for SSP1 and SSP3 scenarios. The 7 categories are on the left side the
environmental variables within each category, both terrestrial and limnological are included. * = highest or lowest magnitude

of change when only three degrees of magnitude are possible, not seven.

BioScore categories Scenarios
SSP1 SSP3
Pollution
Eutrophication -- +++
Acidification 0 0
Salinification 0 0
Pollution (aquatic) 0 0
Pollution (terrestrial) -- +++
Water
Water quality sensitivity 0 0
Water acidification 0 0
Water eutrophication & organic pollution - - +++
Water pollution - - + +
Water siltation -- 0
Water-related changes
Land
Soil moisture 0 ++
Permanent water surface + +
Temporary water availability + +
Water quantity/flow (reduced) 0 0
Water transparency 0 ++
Climate change
Land
Climate change +* +*
Continentality + +
Temperature + ++ +
Water
Water temperature + ++
Disturbance
Land
Disturbance 0 +*
Powerlines +* 0
Trampling 0 0
Direct pressures
Harvesting crop 0 +*
Hunting 0 0
Persecution 0 0
Species interaction
Water
Introduction of non-native species or
genotypes ++ ++
Disease organisms or parasites 0 0
Management
Land
Amount of dead wood -* +*
Even aged forest -* +*
Young felling age of forest -* +*
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The environmental variables that can be changed in BioScore are divided into 7
categories: pollution, water-related changes, habitat changes, climate change, disturbance,
species interaction and management (Table 2; Delbaere et al., 2014). No changes to the
environmental variables were

made for the present-state

scenario  since BioScore has magnitude and direction of change

decrease no change increase
incorporated the present-day - -1 - T 0o + [ ++]+++
influences, but these variables 0----0----0--------0----0----0
were changed in the SSP1 and Figure 2. BioScore 1 degrees of magnitude of change to

] environmental variables. (Delbaere et al., 2014)
SSP3-scenarios. The changes

follow those made in Vermaat et al. (2017) and as they use SRES scenarios, A2 corresponds
to SSP3 and Bl to SSP1. The magnitude of change can be adjusted for each of the
environmental variables in BioScore using a stepwise, ordinal scale with either 3 or 7 steps
(Fig. 2). The figure visualises how a 7-step varies around zero. Delbaere et al. (2014) explain
that these two different scales are used because they have variable confidence in the expert
knowledge for the different modelled factors. SSPs consider future climate change and other
environmental variables which is not standard for SSPs that focus on the economy and society.
In that sense, the scenarios are likely to be similar to A2 and B1 from SRES scenarios that

combine society and climate change.

The next step was to match land cover typology of BioScore with CORINE. The 9 different
BioScore land cover types are artificial surfaces, agricultural areas, forests, scrub and/or
herbaceous vegetation associations, open spaces with little or no vegetation, inland wetlands,
maritime wetlands, inland waters and marine waters (Appendix Table Al; Delbaere et al.,
2014). The now-scenario is not detailed or specified for each of the catchments but instead used
land cover data from the whole of Sweden. This was because BioScore gave negative numbers
when changing the land cover for each of the catchments to match the present state and was
there for discarded. This means that the data for ‘present state’ on species numbers is the current
state of Sweden and not the areas chosen for this study. The negative numbers came from the
fact that BioScore is designed to model whole countries and biogeographic regions and not
areas within a country. Land-use change projections to SSP1 and SSP3 were adopted from those
in Vermaat et al. (2020) for Haldenvassdraget, a large forest-covered catchment in Eastern
Norway which is assumed to be comparable to the two Swedish catchments (Appendix Table

Al). This was done as accurately as possible, but some complications in BioScore occurred,

14



and therefore an evaluation had to be done to get these changes to fit into the program. A
different amount of square meters of the land cover of a category is attached to each percentage,
which means that changing the percentage under a category like coniferous forest will change
a different amount of square meter than if it were moors and heathland. In this way, there will
be discrepancies between the percentages desired for each catchment and what is possible

through BioScore.

2.3 Survey

This survey was performed in collaboration with Immerzeel et al. (in review). The
survey aimed to discover the public opinion on the importance of nature and biodiversity, by
using a discrete choice experiment (Appendix B). A discrete choice experiment is a commonly
used tool in social sciences to assess preferences among the public (Rakotonarivo et al., 2016).
In a choice experiment, a participant can choose from two or more multi-attribute options
(Johnston et al., 2017). This approach assumes that an environmental good can be expressed as
a set of individual attributes (Latinopoulos, 2014), and allows an estimate of the value of these
attributes needed for the participant to make their choices (Johnston et al., 2017).

The survey questions in this study included the participants’ relation to the area, typical
activities, an opinion on the current state of the landscape, and several respondent
characteristics. In the discrete choice experiment part, respondents reveal their preference for
future landscape changes by choosing card options, and their associated willingness to pay
(WTP) through an environmental tax. The cards presented have a “Business as usual”-option
and two possible future scenario options. The respondent then expresses a preference by
selecting an option. Each participant was presented a series of 5 cards so that the combined
responses from all respondents forms a replicated set of answers across all factorial
combinations. One question specific for this thesis focused on what a respondent considers to
be the most important element of ‘nature’ in the catchment and the choice stands between the
variety of forest, wetland, streams and lakes, pristine nature, big predators, birds or other (Box

1). The survey was confidential but included questions on gender, age, and income.

15



Box 1. Question 16 from the survey breaking down specific components of biodiversity in this landscape (Appendix B).

Question 16: What is the most important element of nature in this landscape, in your opinion?

a) The variety of forests, wetlands, streams and lakes o
b) The large area of untouched nature o
C) The presence of large predators (bear, wolf, lynx) o

@)

d) The presence of characteristic birds (crane, eagle, Lapland owl, capercaille)

©)

€) Other:

The survey was done on-site by in-person interviews in the field, using the self-
administration mode where the participant fills out a physical paper questionnaire by ticking
the preferred box. The questionnaire was made in English and translated into Swedish by
BIOWATER. We started handing out surveys in the Savjaan river basin area on July 13" 2019
and used 14 days to conduct the survey, and then continued in the Vindelalven river basin area
and stayed for 16 days. We chose to conduct the survey by lakesides and recreational locations,
libraries, museums, camping spots and cafés to achieve variability in participants in terms of
age, gender, profession, use of the landscape and home area. This was done because selecting
a random sampling of the population is important for a reliable result (Johnston et al., 2017).
The city library in Uppsala and different museums were chosen for the Sévjaan catchment as
pick-up and drop-off points, a campsite and a fishing spot and Café Mjdlnaren for the Vindeln

catchment.

2.4 Statistical analyses

A Chi-Square test was used to assess possible differences in responses between the two
catchments. This was calculated with Excel for three of the survey questions. The first question
| analysed was on what is considered the most important element in the landscape, and the
options to choose from were different in their specificity (question 16, Box 1). The second
question is about ‘nature’ in the catchment and how the respondent’s well-being is related to
this. The benefits mentioned are the source of drinking water, source of forestry products, CO>
storage to prevent climate change, water storage to prevent floods, clean water for nature,
habitats for plants and animals, availability of game species, growth of berries, mushrooms and

nuts, recreational possibilities, educational possibilities, food from agriculture, the fact that
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there is nature, the beauty of the landscape and cultural heritage sites and areas. These benefits
can be interpreted as ecosystem services. The participants would here choose if they found a
benefit (I) very unimportant, (II) somewhat unimportant, (llI) neither important nor
unimportant, (IV) somewhat important, (V) very important or (V1) if they did not know. The
third question was which aspects the participant considered during answering the choice cards.
The aspects respondents were offered to choose from are the share of agriculture and forest in
total land use, the intensity of land management, water clarity, the area with nature protection
status, the probability and magnitude of flood risk, local employment in agriculture, forestry

and recreation, and household tax burden.

The observed frequencies of the Savjaan and the Vindeln catchment, subtotals, and
totals of both for all the possible answers were calculated. Calculating the expected frequency
within one catchment by multiplying with the total observed frequencies from both catchments
within one answer with the total amount of participants choosing any of the possible answers.
This again was divided by the total sum of frequencies including both catchments. This was
done for all the possible answers and both the Savjaan and the Vindeln river basin area. Next
step was to square and normalize the differences by using equation 1. Further calculations

needed to find the p-value and were done by using the Chi-Square function in Microsoft Excel.

Equation 1.: Chi-Square equation used to square and normalize the differences. O = Observed frequency and E = Expected
frequency.

S
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3. RESULTS
3.1 Surveys

For a majority of the participants in both the Savjaan and the Vindeln catchment, the

most important element in the landscape was the variety of forests, wetlands, streams, and lakes

(Table 3). The second most important element for both catchments was the large area of

‘untouched’ nature. The distribution in these answers did not differ between the two catchments

(P-value = 0.648).

Table 3. Chi-Square results on what the most important element in the landscape is. Df = degrees of freedom.

Observed Frequencies

Category: Séavjaan Vindeln Subtotal
The variety of forests, wetlands, streams and lakes 217 122 339
The large area of untouched nature 123 68 191
The presence of large predators (bear, wolf, lynx) 12 6 18
The presence of characteristic birds (crane, eagle, Lapland

owl, capercaillie) 9 8 17
Other 9 2 11
Subtotals 370 206 576
Chi-Square outcome 2.4800

Df 4

P-value 0.6482

The two catchments were significantly different for 10 out of the 14 benefits addressed

in the second question on the importance of these benefits for a respondent’s well-being (Table

4, Fig. 3). Often, the pattern was similar but the weight of the ranking ‘very important’ or

‘important’ differed (Fig. 3). The main exception was the importance attributed to the presence

of the game species (Fig. 3c). Here the two respondent samples differed greatly in the pattern

of distribution, with the majority of the Sdvjaan respondents ranking this as ‘very unimportant’,

whereas in Vindeln this was opposite.
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Table 4.: Chi-Square results on which degree of importance the participant finds a benefit generated by nature for their
wellbeing. y?= Chi-squared distribution, V = Vindeln catchment, S = Savjaan catchment. *, ** and *** symbolise a p-value

below 10%, 5% and 1% respectfully.

y2 P-value Where more

important?
Source of drinking water 19,6875 0,0014*** \%
Source of forestry products 28,7319 2,6172E-05*** \%
CO2 storage to prevent climate change 4,7096 0,4523 -
Water storage to prevent floods 14,4137 0,0131** S
Clean water for nature 12,3057 0,0308** \Y,
Habitats for plants and animals 5,5275 0,3549 -
Availability of game species 47,7150 4,06E-09*** \%
Growth of berries, mushrooms, and nuts 24,1673 0,0002*** \%
Recreational possibilities 7,7928 0,1680 -
Educational possibilities 12,1835 0,0323** \%
Food from agriculture 17,0231 0,0044*** \%
The fact that there is nature 8,4607 0,1326 -
The beauty of the landscape 11,7992 0,0376** \%
Cultural heritage sites and areas 10,4047 0,0645* \%
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a) Source of drinking water b) Source of forestry products

Vindeln ®Savjaan Vindeln ®Savjaan
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Very important Very important —
Somewhat important | — Somewhat important T —————————
Neither important, nor unimportant jm Neither important, nor unimportant | ————
Somewhat unimportant g Somewhat unimportant e —
Very unimportant jmm Very unimportant s
0% 20% 40% 60% 80% 100 % 0% 10% 20% 30% 40% 50%
©) Availability of game species d) Growth of berries, mushrooms and nuts
Vindeln ®Savjaan Vindeln ®Savjaan
Tdon’t know —— Idon’t know imm
Very importan! — Ver Yy impor fant  ———
Somewhat Important —— Somewhat iImportant I ——
Neither important, nor unimportant T ———————— Neither important. NOT . . S—
Somewhat unimportant —E——— Somewhat unimportant jmmm
Very unimportant Very unimportant jm
0% 5% 10% 15 %20 %25 %30 %35 % 0% 10 % 20 % 30 % 40 % 50 % 60 % 70 %
e) Food from agriculture

Vindeln ®Savjaan

Idon’tknow |mmm

Very important

Somewhat important E——
Neither important, nor unimportant .
Somewhat unimportant g

Very unimportant e

0% 10 % 20 % 30 % 40 % 50 % 60 % 70 %

Figure 3.: Frequency distribution of the importance attached to a benefit by respondents in the Vindeln and Savjadn
catchments, for their wellbeing. Data presented as percentage of the total number of respondents.

When it comes to the third question, that is the aspect considered when answering the
choice card in the survey, the respondents from the two catchments showed a similar and a
rather flat pattern with no significant difference (Table 5). Share of agriculture and forest in
total land use, water clarity and amount of nature conservation had the highest frequencies.

Flood risk was mentioned as the least considered aspect.
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Table 5.: Chi-Square results on what aspect that the participant considered during answering the choice cards. *, ** and ***
symbolise a p-value below 10%, 5% and 1% respectfully. The respondents could answer more than ones, so the total
frequencies are > n respondents. S = Savjaan catchment, V = Vindeln Catchment, Df = degrees of freedom.

Observed frequencies

Category: Savjaan| Vindeln Subtotals
The share of agriculture and forest in total land use. 142 122 264
The intensity of land management. 94 93 187
Water clarity. 165 174 339
Nature conservation. 130 111 241
Flood risk. 73 64 137
Local employment from agriculture, forestry and recreation. 116 121 237
Tax for my household. 115 92 207
Subtotals 835 777 1612
Chi-Square outcome 4.4285

Df 6

P-value 0.6189

3.2 BioScore output

From the BioScore output, it appears that for every taxonomical group the present state
is more favourable than any future scenario modelled, and this is the case for both catchments
(Table 6 & 7). The potential decrease and increase, as well as the stable number, of dragonfly
and freshwater fish species, did not differ between both the future scenarios for the Savjaan
catchment (Table 6). Secondly, there is almost no difference for the mammal species between
the scenarios, as SSP1 has two stable and one potentially increase and SSP3 has only two
species that potentially increase||. Birds have a higher potential decrease in the SSP3 scenario
and here SSP1 appears the better option with a higher number of stable species and more
potentially increasing species. In contrast, butterflies appear to show a lower potential decline
in SSP3. The vascular plant species do however have a higher potential decline of 289 species

in SSP3-scenario and for this well-represented species group the better option would be SSP1.

The potential increase in bird species for the SSP1-scenario implies that it is more secure
than SSP3 with a possible loss of 75 species in the Vindeln catchment (Table 7). There are no
large differences for butterflies within the two future scenarios, and both SSP1 and SSP3 give
the same result for freshwater fish. Contrary to the other species groups mammals are favoured

in the SSP3-scenario over the SSP1-scenario, with less potential decrease and more stable
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species. Both future scenarios do have an extreme loss of vascular plant species in the area, but

with a greater amount of stable and potentially increasing species for SSP1 than SSP3. Like the

Séavjaan catchment, there are no changes between SSP1 and SSP3-scenario in regards of

dragonflies for Vindeln.

Table 6.: BioScore results for Savjaan catchment including all three scenarios and potential change in the number of species,
including environmental factors and land cover change.

Now-scenario

SSP1-scenario

SSP3-scenario

Potential Potential

Potential

Potential

Potential Potential

decrease Stable increase decrease Stable increase decrease Stable increase

Birds (water- and breeding

birds) 0 134
Butterflies 0 44

Freshwater fish 0 44

Mammals 0 29

Vascular plants 0 435
Dragonflies 0 58

All taxonomical groups (%) 0 100
All taxonomical groups Red

Lists (%) - -

All taxonomical groups
Birds and Habitat Directive
(%) - -

O O O O o o

52

40

45

42

-61 44 29
-39 1 4
-43 1
-27 0 2

289 136 10
-40 18 0
83 12 5
52 54 5
38 42 13

Table 7.: BioScore total results for Vindeln catchment with all three scenarios and potential change in the number of species,

including environmental factors and land cover change.

Now-scenario

SSP1-scenario

SSP3-scenario

Potential Potential Potential

Potential

decrease Stable increase decrease Stable increase

Birds (water- and breeding

birds) 0 134
Butterflies 0 44
Freshwater fish 0 44
Mammals 0 29
Vascular plants 0 435
Dragonflies 0 58
All taxonomical groups (%) 0 100

All taxonomical groups

Red Lists (%) - -
All taxonomical groups

Birds and Habitat Directive

(%) - -

O O O o o o

-64

81

53

39

38

189
12

12

54

43

32

3
0
2
7
6

10

Potential Potential
decrease Stable increase

-75 39 20
-39 1 4
-43 1 0
-21 3 5
-297 134 4
-40 12 6
81 12 7
49 52 7
39 43 8
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A higher number of bird species will remain stable or possibly increase in the Savjaan
catchment than in the Vindeln catchment for all the future scenarios (Fig. 4ac). SSP1-scenario
has only slight differences between the total (all environmental factors and land cover change)
and when only including land cover change for both the Savjaan and the Vindeln catchments.
The SSP3-scenario does vary, as land cover change has a lesser amount of potential decreasing
species than the total result. There is also a less potential increase in the number of bird species
for the total than when only regarding the land cover change. This trend is also present for the
vascular plant species in figure 4b and d. There are more stable species when solely looking on
land cover change for SSP3 than the total, but a higher number of stable vascular plant species
for the total in SSP1 than for only land cover change. The difference between land cover change

and when including environmental variables was only seemingly distinct when looking at birds

and vascular plants, and not for the other species groups and, therefore, not included.

a) Birds (water- and breeding birds), Savjaan b) Vascular plants, Savjaan
SSP1 - Total [ | ] SSP1 - Total ] [ |
ssP1-Loo I B s-i-lcc I -
sses-Tod [ ] ssea-roa 1
SSP3-LCC I | SSP3-LCC ] |
80 60 -40 20 0 20 40 60 80 225 125 25 75 175 275
c) Birds (water- and breeding birds), Vindeln d) Vascular plants, Vindeln
sspi-toa [ [ SSP1 - Total | 1
sser-occ ] ssei-tcc
ssps-Toa | [ sses-To |
sses-tcc — ssP3-LOC I g
80 60 40 20 0 20 40 60 80 225 -125 25 75 175 275

Figure 4. Difference in bird vascular plant species between now-scenario, SSP1 and SSP3. The black parts are the possible
decreasing number of species, light grey are the stable number of species and dark grey is the possible increase of species.
(a) Bird species in Savjaan, b) vascular plant species in Savjaan, c) bird species in Vindeln and d) vascular plant species in
Vindeln. LCC stands for Land Cover Change. The now-scenario does not have any LCC because it is identical to the total.
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4. DISCUSSION

4.1 Survey

Biodiversity is important for ecosystem functions, although not necessarily in a simple and
straightforward way (Cardinale et al., 2012). Still, this makes changes in biodiversity have both
ecological and social consequences (Chapin et al., 2000). The first research question was what
the importance of biodiversity for inhabitants and visitors of the two catchments is and there is
an agreement between respondents from both catchments that the variety of forests, wetlands,
streams, and lakes was the most essential element of nature. This suggests that overall, the
diverse landscape is more important than the presence of a particular species or species group
(Table 3). Kaltenborn et al. (2016) found a similar preference, but these authors included
species-specific proxies because of the emotions connected to them. The least chosen elements
were the ones including predators and birds, which contradicts Kaltenborn et al. (2016)
assumption as their prediction was that “Using s