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Abstract
The popularity of nature-based tourism has increased worldwide and peripheral areas with
conservational value, like protected areas, are attractive destinations. The recreational use and
construction of tourism facilities can cause environmental degradation and decrease the
conservational and recreational value of areas if not well planned and managed. The aim of this
thesis was to improve our knowledge of recreation and tourism induced changes in northern boreal
environments. Direct and indirect impacts of recreation on vegetation and birds in protected areas
were examined. Furthermore, the environmental impacts of ski resorts in terms of changes in
vegetation and soil, threats from non-native species and water pollution were investigated.

In protected areas, the size of the disturbed areas around campsites was found to be mainly
determined by the distance between the main tourism facilities (wilderness hut and campfire-site),
and the mountain biotopes were more sensitive to disturbance than forests. Recreational use had
induced changes also in the bird community. The occurrence and the composition of birds were
affected, and the open nesters nesting on the ground were found to be the most sensitive.

The construction, revegetation and management practices of ski runs had increased the nutrient
concentrations, pH and conductivity of the soil, and changed the original vegetation notably. Non-
native seed mixture species, used in revegetating the ski runs, were found to be favoured by
management practices (disturbance and peat addition) in an experimental study, but, eventually,
were not able to be established themselves into study plots. Ski resorts’ construction and
management have also affected the water quality. Concentrations of nutrients were higher in ski
resort lakes in relation to reference lakes and were comparable to lakes polluted by agriculture and
forestry.

The results of this theses give new information on tourism and recreation induced changes and
are applicable for planning and management. Nature-based tourism and recreation can cause long-
term changes in terrestrial and aquatic environments, which should be considered at all levels of
planning and management. For sustainable tourism development, it is essential that impacts are
regularly monitored and preventative means are developed and used to minimize environmental
degradation.

Keywords: birds, campsite, disturbance, fertilization, national park, nature-based
tourism, non-native species, nutrient, protected area, recreation, ski resort, ski run, soil,
water pollution, vegetation
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1 Introduction 

1.1 Nature-based tourism and recreation 

Tourism is considered one of the largest industries in the world (Fennell 1999, 

Hall & Page 2005). From different tourism forms, tourism based on natural 

resources has increased rapidly worldwide (Ceballos-Lascuráin 1996, Fennell 

1999). All kinds of recreational activities can affect natural environments (e.g., 

Liddle 1997, Hammitt & Cole 1998) and negative impacts can decrease the 

environmental and the recreational values of a tourist destination (Ceballos-

Lascuráin 1996, Buckley et al. 2000, Buckley 2004). Due to an increased 

awareness and concern about the impacts of tourism, new “alternative” tourism 

strategies like ecotourism have emerged (Fennell 1999), and the concept of 

sustainable tourism has been incorporated into the tourism industry (e.g. McMinn 

1997, Eagles et al. 2002). There doesn’t seem to be a widely accepted definition 

for sustainable tourism (e.g. Swarbrooke 1999, Saarinen 2006), but the point 

typically emphasized is that the impacts of tourism on natural resources are 

considered in tourism development. Although environmental aspect has received 

more attention, economical and socio-cultural dimensions are also considered 

essential for a holistic view of the sustainable tourism concept (e.g Swarbrooke 

1999).  

A variety of definitions can be found for nature-based tourism and its subset 

ecotourism (Ceballos-Lascuráin 1996, Fennell 1999, Hall & Boyd 2005). Hall & 

Boyd (2005 p.3) define nature-based tourism as following; “Nature-based tourism 

includes tourism in natural settings (e.g. adventure tourism), tourism that focuses 

on specific elements of the natural environment (e.g. safari and wildlife tourism, 

nature tourism, marine tourism), and tourism that is developed in order to 

conserve or protect natural areas (e.g. ecotourism, national parks).” According to 

Ceballos-Lascuráin (1996 pp.19–20): “Nature tourism denotes all tourism directly 

dependent on the use of natural resources in a relatively undeveloped state, 

including scenery, topography, water features, vegetation and wildlife”. 

Ecotourism is described as a more sustainable form of nature tourism, which also 

takes into consideration the local community and ecology and promotes nature 

conservation (Western 1993, Fennell 1999). Furthermore, tourism and recreation 

are considered to be interrelated and overlapping terms (Hall & Page 2005). 

Nature-based tourism can be seen as recreation, but as the term tourism does not 
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cover all recreational uses, the term recreation is used along with nature-based 

tourism in this thesis.  

1.2 Tourism as increasing land-use  

Land-use change by humans is the most important driving force in biodiversity 

change (Sala et al. 2000). Tourism is an intensively growing form of land-use, 

which often concentrates on beautiful and environmentally valuable landscapes. 

In Finland, the local nature has had an essential role in tourism (Saarinen 2000, 

Saastamoinen et al. 2000). Outdoor recreation is very popular in Finland, and it is 

based on the principle of “everyman’s right”, which allows public access to all 

natural, undeveloped areas, except to strictly protected areas. While nature-based 

tourism has increased, the role of traditional livelihoods, like forestry in 

peripheral areas of Northern Finland has decreased (Saarinen 2003, 2005). The 

income from tourism exceeds the income from agriculture and forestry in many 

rural municipalities (Saastamoinen et al. 2000). Although, in general, the 

relationship between tourism and nature conservation has been positive, the 

notable increase in nature-based tourism has led to conflicts in Finland (Saarinen 

2005) and elsewhere (van Treeck & Schumacher 1999, Baine et al. 2007) and 

raised concern among locals over both environmental and cultural questions 

(Tuulentie & Miettiäinen 2007, Rytteri & Puhakka 2009). 

Tourism and recreation in protected areas have a long history (Eagles et al. 

2002, Puhakka 2008, Rytteri & Puhakka 2009). Protected areas are attractive 

tourism destinations and the number of protected areas (Eagles et al. 2002), as 

well as the visitor numbers to protected areas, have increased worldwide 

(Ceballos-Lascuráin 1996, Eagles 2004, Eagles 2007). Tourism in protected areas 

can play an important role in the economy of local communities (Eagles et al. 

2002, Huhtala 2007). In Finland, the number of visits in national parks has 

increased on the average 6.5-fold since the beginning of the 1990s (Table 1). 

However, the increase in the number of visits has not been distributed evenly 

among parks, but development has been stronger in parks close to major routes 

and tourist attractions, like ski resorts (Saarinen 2005). In a recent study 

(Puustinen et al. 2009), it was found that the number of visits to national parks in 

Finland was affected by the main nature type, the parks with fells having the 

highest number of visits. In addition, the number of visits increased according to 

the good provision of tourism facilities within, as well as outside, the park 

(Puustinen et al. 2009). Indeed, many tourism resorts are located very close to 
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conservation areas, especially in Northern Finland (Saastamoinen et al. 2000, 

Puhakka 2008, Puustinen et al. 2009)  

Ski resorts are important tourist destinations of mountainous areas in the 

world (Buckley et al. 2000, Elsasser & Messerli 2001, Hall et al. 2008). In Nordic 

countries, the most notable increase in winter tourism development started in the 

mid 1980s (Hall et al. 2008). In Finland, the number of visitors in ski resorts has 

increased during the last decade, and in 2007, the investments made by ski resorts 

were among the highest made by tourist attractions (Taloustutkimus oy 2008). As 

many ski resorts aim to serve as year-around destinations, they offer to increasing 

extent different recreational activities, which requires construction of new 

infrastructure and, thus, the ski resorts are becoming more urban environments. In 

fact, nowadays, many ski resorts are like small towns, with a variety of hotels, 

cabins, shops and other enterprises.  

Table 1. The visit numbers in National Parks in northern Finland and in all national 

parks In Finland.  

 1990 1995 2000 2005 2008 

Lemmenjoki NP 7000 10 000 10 000 10 000 10 000 

Pallas-Ylläs NP*    300 000 329 000 

Urho Kekkonen NP 40 000 200 000 150 000 165 000 252 000 

Pyhä-Luosto NP*    95 000 114 000 

Oulanka NP 50 000 100 000 145 000 173 500 163 000 

Riisitunturi NP 4000 2000 10 000 7000 8000 

Syöte NP   30 000 33 500 34 500 

Perämeri NP   10 000 2500 5000 

National parks in Northern Finland 4 4 6 8 8 

National parks total in Finland  22 27 30 34 35 

Number of visits total 268 000 668 000 833 000 1 410 000 1 755 500 

Source: Metsähallitus, Natural Heritage Services, ASTA- visitor information system 

*The number of visits for Pallas-Yllästunturi NP (extended former Pallas-Ounastunturi NP) and Pyha-

Luosto NP (extended former Pyhätunturi NP) are presented only for years after they were transferred to 

the management of Metsähallitus.  

1.3 Ecological impacts of tourism 

Nature-based tourism and recreation inevitably affects terrestrial and aquatic 

ecosystems. According to Gössling (2002), the global environmental 

consequences of tourism include: land cover and land use changes, the use of 

energy, extinctions and introductions of species, dispersion and exchange of 
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diseases, and changes in the perceptions of the environment. Tourism can affect 

soils, vegetation, wildlife and water directly (e.g wear of vegetation due trampling, 

wildlife disturbance) or indirectly (e.g. through habitat modification) (e.g. Liddle 

1997, Hammitt & Cole 1998, Buckley 2004). Due to the growing demand of 

tourism, the amount of different services offered by tourist destinations has 

increased and thus the environmental impacts spread over a wider area. Also, 

other recreation induced environmental impacts, such as littering and noise 

pollution, increase. According to Cole & Landres (1996) the ecological 

importance of the impacts depends on their intensity, spatial and temporal extent, 

and also on the attributes’ rarity and irreplaceability. The amount of impact is 

influenced by the environment’s vulnerability, which depends on the site’s ability 

to tolerate recreational use (resistance) and further its ability to recover after a 

disturbance (resilience), but also by various use characteristics, like user 

behaviour, amount, type and distribution of use (Hammitt & Cole 1998). When 

research on the ecological impacts of recreation started to increase during the 

1960s, the focus of research was mainly on the impacts of trampling on 

vegetation and soil, but has later been extended to also cover wildlife and water 

impacts (Liddle 1997, Hammitt & Cole 1998). Despite this increasing amount of 

research, little is known about the susceptibility of different wildlife species and 

aquatic environments to recreational impacts (Hammitt & Cole 1998). Also, in 

Finland, most of the studies have concentrated on the impacts of trampling on 

vegetation characteristics and the trampling tolerance of different habitat types 

(Kellomäki & Saastamoinen 1975, Kellomäki 1977, Nylund et al. 1979, 

Malmivaara et al. 2002, Malmivaara-Lämsä et al. 2008, Törn et al. 2008). Only a 

few studies exist on wildlife impact (Helle & Särkelä 1993, Kaisanlahti-Jokimäki 

et al. 2008, in press), and no internationally published research on water quality 

could be found. 

1.3.1 National parks 

A variety of recreational activities, such as hiking, skiing, horseback riding and 

canoeing is conducted in protected areas. The conservation of nature is generally 

the main purpose of the protected areas, and thus, increased recreational use is 

challenging the management of these areas. In fact, recreational use is considered 

one of the major threats to the ecosystems of protected areas (Cole & Landres 

1996). It has also become one of the main causes of species endangerment (Czech 

et al. 2000). Nowadays, sustainable tourism has become an important part of the 
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management of protected areas (Eagles et al. 2002) and several frameworks for 

protected area planning and management have been developed to assure a 

balanced development between nature protection and tourism. These frameworks 

include, for example, the Recreation Opportunity Spectrum (ROS; Brown et al. 

1978, Clark & Stankey 1979), a Process for Visitor Impact Management (VIM; 

Graefe et al. 1990), Visitor Experience and Resource Protection (VERP; Belnap 

1997) and Limits of Acceptable Change (LAC; Stankey et al. 1985). All the 

mentioned frameworks aim to protect certain conditions, rather than determining 

specific recreational carrying capacities, which was the focus in the initial stage 

of the development of management frameworks. In Finland, the national park 

manager, Metsähallitus, uses a modified version of the Limits of Acceptable 

Change framework in protected area management. LAC is a planning procedure 

where managers have to decide what kinds of resource conditions are acceptable 

and to determine the management techniques needed to protect and achieve these 

conditions. Specific indicators are selected to represent or indicate conditions, and 

are then monitored regularly (Stankey et al. 1985). 

1.3.2 Ski resorts 

The construction of ski resorts is considered to be one of the main land uses 

responsible for the deterioration of mountainous regions (Urbanska 1995, Titus & 

Tsuyuzaki 1998, Ruth-Balaganskaya & Myllynen-Malinen 2000, Wipf et al. 

2005). The construction and management practices of ski resorts can affect the 

environment in various ways. The initial construction of a ski run often involves 

the removal of vegetation and the top layer of soil, which results in habitat loss 

and fragmentation of the original habitat. Due to vegetation clearance, the slopes 

become prone to erosion (Tsuyuzaki 1994, Urbanska 1995, van der Straaten 

2000), and are thus often revegetated. However, as native species are often not 

commercially available (Chambers 1997, Malinen 1997, Macyk 2000) cheaper 

and fast growing non-native species are used. The use of non-native species can 

pose a threat to the local native vegetation if the species become invasive 

(Johnston & Pickering 2001, McDougall et al. 2005, Pickering & Hill 2007) 

Moreover, other management practices, like earth fill with peat, fertilization, 

salting and artificial snow production and snow-grooming can have negative 

impacts on the environment. Indeed, the construction of infrastructure and 

management practices have been found to affect vegetation and soil (e.g. Rixen et 

al. 2003, Wipf et al. 2005, Barni et al. 2007) and wildlife (Helle & Särkelä 1993, 
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Hadley & Wilson 2004, Laiolo & Rolando 2005, Rolando et al. 2007, Thiel et al. 

2008, Kaisanlahti-Jokimäki et al. in press) 

1.3.3 Non-native species 

The invasion of ecosystems by non-native species is considered one of the major 

threats to global biodiversity (Vitousek et al. 1997, Sala et al. 2000), and many 

invasive weeds have in fact co-evolved with our systems of land-use (Weston et 

al. 2005). Today, the control of non-native species forms a significant part of the 

economy of agriculture and environmental management. Not all non-native 

species are invasive, however. According to Williamson (1996), one tenth of alien 

species succeed in establishing themselves in a new area, and one tenth of them 

are invasive, aggressively spreading species. Due to their remarkable ability to 

spread and reproduce, aggressive species may outcompete native species, 

decrease the biodiversity of the habitat, and thereby change the native ecosystems 

irreversibly. Nature reserves and their surroundings are especially sensitive and 

important environments in which the threat caused by aggressive non-native 

species should be considered at all levels of planning and management. In Finland, 

the threat of non-native plant species in nature reserves have received attention 

only recently (Huhta 2003, Gilligan et al. 2005, Törn 2007, Törn et al. 2008), 

only after visible impacts of non-native species were noticed.  

1.4 Sustainability of tourism and the need for adaptive 
management 

Not all the impacts of tourism are negative, however. At its best, tourism can 

benefit the conservation of natural and cultural heritage, the economies of local 

communities and the common well-being (Eagles et al. 2002). Indeed, if tourism 

is well managed and planned, it can be a tool for the conservation and support of 

protected areas (Bushell & McCool 2007). However, to manage tourism in a 

sustainable way, both the positive and negative consequences of recreation and 

tourism have to be known and understood. Therefore, science can have an 

important role in assisting the monitoring and management of recreation and its 

impacts (Cole & Landres 1996, Cole 2004a, Siikamäki 2008). 

As the negative impacts of tourism are inevitable, the focus has to be on 

preventing and minimizing environmental problems. Protected area managers are 

further challenged to set acceptable limits for the recreation induced resource 
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changes and assure that these limits are not exceeded (Stankey et al. 1985, 

Hammitt & Cole 1998). Therefore, information about the amount of impacts, the 

main factors causing the impacts as well as recreation visitors is needed for 

sustainable tourism use (Cole 2004a). As the prevention of environmental 

problems is generally easier and cheaper than the restoration of already degraded 

ecosystems, it is important to identify sensitive species and environments and to 

be able to direct recreational use to more tolerant habitats, and minimize impacts 

with careful planning and management. Indeed, research is essential part of an 

adaptive management approach, in which future activities are adapted based on 

feedback and the best available knowledge (Holling 1978, Heinonen 2007). 

1.5 Aims of the study 

Ski resorts and protected areas are among the most important tourism destinations 

in Finland. Despite increased visitor pressure and the construction of 

infrastructure in these areas, their environmental impacts are relatively unknown. 

This thesis consists of four research papers which explore recreation and tourism 

induced changes in northern boreal environments. The first two papers 

concentrate on impacts in protected areas, where both the direct and indirect 

impacts of recreation on vegetation and birds are examined. The last two papers 

focus on the environmental impacts of ski resorts in terms of changes in 

vegetation and soil, the threat of non-native species and water pollution. The main 

objectives were to identify the potential effects of recreation and tourism on the 

environment, determine the current situation and the main factors causing 

degradation. In addition, there were practical goals aiming to produce scientific 

information and data that could be used in the management of protected areas and 

ski resorts.  

In paper I, the impacts of tourism on vegetation and soil around the campsites 

of Pallas-Yllästunturi National Park (hereafter referred NP) were studied. The 

state of the campsites was investigated by measuring the area under impact 

around campsites, and the aim was to determine the main factors affecting the 

size of the disturbed area. In paper II, it was investigated whether recreation-

induced disturbances affect species richness, the occurrence or the composition of 

bird species in Oulanka NP. One aim was also to study whether there are 

differences in species tolerance to disturbance. In paper III, the impacts of 

revegetation and the management practices of ski resorts on soil and vegetation 

were examined, with a further interest in the risk of a possible invasion of seed 
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mixture species used into native vegetation. Both a soil and vegetation survey and 

a factorial experiment were used to examine the impacts of ski resorts on soil and 

vegetation characteristics. With the inclusion of the experimental approach, the 

impacts of different management methods, namely disturbance, peat addition and 

seed mixture species, could be studied as separate factors. In paper IV, the 

investigation of the impacts of the ski resorts was extended to water bodies. The 

water quality characteristics in different lake types close to ski resorts were 

compared to reference lakes, and were further related to impacts caused by other 

main land-uses (agriculture, forestry) in the area. 
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2 Methods 

2.1 Study sites 

The studies were conducted in the two most popular national parks; Oulanka NP 

and Pallas-Yllästunturi NP and the two most popular ski resorts; Levi and Ruka, 

in Finland (Table 2). All study sites are located in the boreal forest zone (Ahti et 

al. 1968), in north and north-eastern Finland (Fig 1). Information on study area 

characteristics is presented in Table 2. 

Table 2. Characteristics of the study sites. 

 Oulanka National 

Park 

Pallas-Yllästunturi 

National Park* 

Levi Ruka 

Location 66°22'N, 29°17'E 68°05'N, 24°04'E 67°47'N, 24°5'E 66°09'N, 29°08'E 

Number of visits 

(per year) 

163 000  

(2008)** 

329 500  

(2008)** 

406 296  

(2007)*** 

396 074  

(2007)*** 

Year of 

establishment 

1956, extended 

1986 and 1989 

2005 (1938)   

Size of the 

conservation area 

270km2 1020 km2   

Number of ski 

runs and lifts  

  44 ski runs,  

27 lifts 

20 ski runs,  

29 lifts 

*formely Pallas-Ounastunturi NP 

**Source: Metsähallitus, Natural Heritage Services, ASTA- visitor information system 

***Source: Taloustutkimus oy, 2008 
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Fig. 1. Location of study areas. Study I was conducted in Pallas-Yllästunturi NP, study 

II in Oulanka NP, study III in Ruka, and study IV in the ski resorts of Levi and Ruka. 
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2.2 Data collection and experimental design 

2.2.1 Campsite analysis (I) 

Altogether, 19 campsites in Pallas-Yllästunturi NP were surveyed in 2003 to 

examine how large the disturbed areas around campsites are and whether the 

number of visits, the age of the campsite, the vegetation type or the distance 

between campsite structures affect the size of the disturbed area. The area with 

visible changes in vegetation and soil (total disturbed area) was measured in each 

campsite and divided into two zones; I: non-vegetated area (vegetation coverage 

not over 25%) and II: area with continuous vegetation but affected by trampling. 

Further, the distance between the main campsite facilities (wilderness hut and 

campfire site, wilderness hut and woodshed) were measured and the number of 

unofficial trails were calculated. Vegetation cover and species composition in 

different zones was estimated with a 50 x 50 cm study square and compared to an 

un-trampled control area. Visit numbers in each campsite were estimated based on 

electronic counters and visitor questionnaires.  

Stepwise linear multiple regression was used to examine the importance of 

different campsite use variables (number of visits, campsite age, the distance 

between wilderness hut and campfire site, distance between wilderness hut and 

woodshed) in explaining the variation in disturbance variables (size of zones I and 

II, total disturbed area and number of trails). The effect of the habitat type on 

disturbance variables was investigated using one-way ANOVA. The Wilcoxon 

Signed Ranks Test was used to examine differences in species composition and 

the vegetation coverage of functional plant types (dwarf shrubs, grasses, herbs, 

lichens and mosses) between the zone II and the control area. If the data did not 

fulfil the requirements of normality and homogeneity of group variances, square 

root or log transformed values were used. 

2.2.2 Bird communities of Oulanka National Park (II) 

In this study, the impacts of recreation on birds were investigated in Oulanka NP. 

Bird data were collected with the Finnish line transect method (Järvinen & 

Väisänen 1975, Järvinen et al. 1991) in June 2005 and 2006. Altogether, 216 data 

points were created, dividing transect lines in 500 meter long stretches and 

creating 500 meter buffers around the stretches with ArcView, version 3.2. From 

each data point, six habitat variables (area of wetland and water, mean stock 
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volume of spruce, birch and pine, age of the forest) and two recreation variables 

(number of visits in hiking trails and area of artificial structures) were calculated. 

We calculated an additional predictor variable autocovariate to minimize the 

effect of spatial autocorrelation in bird data (Ferrier et al. 2002, Heikkinen et al. 

2005). For response variables, the occurrence of some of the most common birds 

observed in the area were used, as well as species groups created based on their 

nesting sites (open nesting species nesting on the ground, open-nester nesting in 

trees or shrubs and cavity nesters) and conservational interest (old-growth forest 

species, red listed species, and grouse species). The role of habitat variables, 

recreation variables and autocovariate were examined in explaining the variance 

of different bird variables by using general additive models (GAM) (Hastie and 

Tibshirani 1986).  

2.2.3 Ski resort vegetation and soil (III) 

Two approaches were used to study how the construction and management 

practices of ski runs affect soil nutrients, vegetation characteristics and possible 

invasion of non-native seed mixture species used in revegetation practices into 

native ecosystems. First, vegetation characteristics (cover of vegetation and 

species richness) were surveyed in seven ski runs, and soil nutrient characteristics 

(P, Ca, K, Mg, pH, conductivity) in three ski runs and their adjacent forests at 

different altitudes in the Ruka ski resort. Second, a factorial experiment was 

established in a forest area adjacent to a ski run in the beginning of summer 2003. 

The experiment had three factors; soil removal, seed-mixture seed sowing, and 

the addition of peat, and 10 replicates in each treatment. Study plots were 

surveyed at the end of the summer in the years 2003, 2004 and 2008.  

The differences between the effects of habitats (ski run vs. native forest), 

study sites (each consisting of ski run and its adjacent forest on both sides) and 

altitudes on vegetation characteristics were investigated with nested ANOVA, 

with altitude as a nested factor. Due to significant differences between habitats, 

the impacts of study site and altitude were further tested separately on ski runs 

and forests. The soil characteristics between habitats, study sites and altitudes 

were tested with three-factor ANOVA. Differences for almost all soil variables 

were also significant between habitats, and thus, the effect of study site and 

altitude were tested separately with two-way ANOVA for forests and ski runs. In a 

factorial experiment, the effects of disturbance, peat addition and seed addition to 

seed mixture species, native dwarf shrubs and ground layer were investigated 
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with repeated measures ANOVA. When the data did not fulfil the requirements of 

normality and homogeneity of group variances, square root transformations, 

logarithmic transformations or ranked values were used. If ranked values were 

used, the results were further confirmed with non-parametric methods. 

2.2.4 Water quality (IV) 

The impacts of ski resorts on the water quality of boreal lakes were investigated 

in the two most popular ski resorts in Finland (Levi and Ruka). The impacts of the 

ski resorts were further related to those affected by agriculture and forestry in 

northern and north-eastern Finland. Epilimnetic and profundal samples were 

collected from eight ski resort lakes, five lakes affected by agriculture or forestry 

and 15 reference lakes, four times per year. The water quality variables studied 

were ammonium nitrogen (NH4-N), the sum of nitrite and nitrate nitrogen 

(NO23-N), total nitrogen (tot-N), phosphorus as phosphate (PO4-P), total 

phosphorus (tot-P), saturated oxygen (O2-S), alkalinity, conductivity and pH. For 

each lake, the catchment area and the proportion of different land cover (forests 

and semi natural areas, wetlands and water bodies) and land-use types (agriculture, 

sport and recreation areas, summer cottages and other built upon areas) in the area 

of the catchment were determined. For the statistical analyses, the lakes were 

grouped according to their lake type: 1. small and middle sized oligohumic lakes 

(SMOH), 2. small polyhumic lakes (SPH), 3. middle-sized mesohumic lakes 

(MMH), and 4. naturally eutrophic lakes (NEut). The differences in the median 

(and for the O2-S minimum) of water variables between lake types and human 

impact lakes (ski resort, agriculture and forestry) and reference lakes was studied 

with two way-ANOVA. The role of the proportion of different land cover and 

land use types in the catchments area on water quality variables were investigated 

with Spearman´s correlation. 
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3 Results and Discussion 

3.1 Factors affecting the area of impact around campsite (I) 

The results of this study showed that the location of the main structures in 

campsites was found to be the main the factor affecting the amount of disturbance 

in campsites in Pallas-Yllästunturi NP. First, the distance between a wilderness 

hut and campfire site was the only factor included in the final stepwise multiple 

regression model, explaining 34.8% of the variation in the size of the total 

disturbed area (Fig 2). Secondly, for the number of trails in campsites, the final 

model, including the number of visitors and hut-woodshed distance explained 

50.2% of the variation. Zones I (non-vegetated area) and II (vegetation with 

visible changes) were not significantly related to any of the campsite use variables. 

The size of the total disturbed area varied from 22m2 to 665m2, and the number of 

campsites’ visitors from 318 to 32802, respectively. Thus, the configuration of 

campsites can have an important role in determining the area of impact. It seems 

that the further away the main campsite structures are from each other, the 

tendency of visitors to take shortcuts increases, leading to the formation of 

unofficial trails and wider bare areas. Indeed, the modelling results and prediction 

by (Cole 1992) suggests that when the degree of concentration of use increases, 

the impact of the amount of use and vegetation fragility declines. The relationship 

between the amount of use and the amount of impact has been found to be 

curvilinear and, thus, already a low level of use produces a notable amount of 

impact, and further increases in the amount of use have only a slight additional 

impact (Hammitt & Cole 1998, Cole 2004b). Neither the number of visitors nor 

the age of the campsite significantly affected the size of the disturbed area. The 

most drastic changes in campsites tend to occur already soon after the first use of 

the campsites (Cole 2004b). Thus, in Pallas-Yllästunturi NP, where the mean age 

of the campsites is 28 years, in most of the campsites, notable impacts due the 

amount of use have already occurred and the role of other factors like the location 

of campsite structures have become more important in determining the size of the 

disturbed area. The size of the non-vegetated area probably describes the area 

with the most intensive use and is determined by the type and behaviour of use 

and natural constraints.  
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Fig. 2. The relationship between total disturbed area and the distance between a 

wilderness hut and campfire-site in campsites (n = 19). 

Mountain biotopes were more sensitive to trampling than boreal forests, having 

larger total disturbed areas. The higher vulnerability of the mountain biotopes is 

probably the result of a low resistance and re-growth ability after disturbance 

(Stohlgren & Parsons 1986), but also results to some extent from the local open 

and low vegetation, which makes walking more tempting and easier to go further 

around campsites than in forests with denser vegetation. Trampling had a negative 

effect on all the other plant groups, except grasses, which were the only group 

having a higher coverage in zone II than the control areas. Graminoids have also 

been found to be more tolerant to trampling in earlier studies (Stohlgren & 

Parsons 1986, Yorks et al. 1997). More sensitive plant forms, i.e. dwarf shrubs, 

mosses and lichens, disappear from the most intensively used areas (Hoogesteger 

1984). Trampling of tolerant species, which are non-native to the original biotope, 

was found in the disturbed areas of campsites. However, at the moment, the 

impact of non-native species in Pallas-Yllästunturi NP on native vegetation seems 

to be rather minor, as they are mainly concentrated in disturbed areas.  
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3.2 Impacts of recreation on birds (II) 

The number of visitors on hiking trails affected the occurrence and composition 

of bird communities, but not species richness. Also, some earlier studies have 

detected that recreational use induces changes in bird abundance and species 

composition (van de Zande et al. 1984, van de Zande & Vos 1984, Miller et al. 

1998, Francl & Schnell 2002). The ”number of visits” variable was selected in 

two out of six of the species groups’ models and six out of 13 for individual 

species models. In general, open nesters nesting on the ground, and specifically 

the Willow Warbler (Phylloscopus trochilus) and Wood Sandpiper (Tringa 

glareola) responded negatively to visitor pressure. Lower occurrences of ground 

nesting species near recreational routes might be partly explained by the direct 

disturbance caused by visitors, as birds can perceive humans as potential 

predators (Frid & Dill 2002). In addition, indirect effects of recreation caused by 

increased nest-predation near hiking trails (Miller et al. 1998) and tourist resorts 

(Kaisanlahti-Jokimäki et al. in press), and habitat modification (Blakesley & 

Reese 1988) are most likely also influencing.  

Open nesters nesting in trees and shrubs and two individual species the 

Chaffinch (Fringilla coelebs) and the Spotted Flycatcher (Muscicapa striata) had 

the highest occurrences at the intermediate level of disturbance but decreased 

again at the highest disturbance level. Thus, it seems that trails with an 

intermediate level of disturbance are probably preferred by some species, but 

there is a threshold after which visitor pressure decreases the value of the habitat 

for birds. Forest edges have been found to have a higher invertebrate density 

(Helle & Muona 1985, Jokimäki et al. 1998), which may benefit some species 

along with a reduced competition at edges created by hiking trails, as the more 

disturbance sensitive species avoid these areas. However, overall, the contribution 

of the “number of visit” variable was low and the occurrences of birds seemed to 

be determined mainly by habitat characteristics. The “growing stock volume of 

spruce” was most often selected for species group models and the “growing stock 

volume of pine” and “birch” for individual species, respectively. Another 

recreation variable; “area of artificial structures”, was selected in almost all of the 

models, but the impact was rather weak and obscure in most of them. The 

Oulanka NP has relatively few and small areas containing artificial structures and 

thus their variation may be too low for any clear changes in bird communities to 

be detected. The autocovariates were selected in most of the species group and 

individual species models, but it had a low contribution for the models in general. 
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3.3 Impacts of ski run management on vegetation and soil (III) 

The revegetation and management practices on ski runs increased the nutrient 

concentrations, pH and conductivity of soil (Fig. 3), and changed the original 

vegetation noticeably. Due to the dominance of a few grass and herb species, the 

mean species richness was lower at ski runs, but the vegetation cover was higher 

in contrast to the forest. The fast growing seed-mixture species probably benefit 

from the higher light intensity, higher nutrient concentrations and pH, and thus 

form denser vegetation cover also at higher altitudes. On the other hand, higher 

nutrient levels and pH hinders the expansion of native dwarf shrubs and moss 

species back to the ski runs (Huenneke et al. 1990, Densmore 1992, Macyk 2000). 

Moreover, woody plants, like dwarf shrubs, are sensitive to the disturbance and 

stress caused on ski runs (e.g. Rixen et al. 2004a, Wipf et al. 2005), whereas 

grasses are more disturbance tolerant (Tolvanen et al. 2001, Petryna et al. 2002). 

The higher nutrient levels, pH and conductivity are most likely the result of the 

annual fertilization of ski runs. Also, the production of artificial snow can increase 

the nutrient concentration and pH of soil (Kammer 2002, Wipf et al. 2005), but it 

also increases the snow mass (Rixen et al. 2004b) and thus, due to additional 

water, further increases the surface run-off, amplifying the impacts of fertilization. 

Ski run management practices, particularly fertilization, can pose a risk to the 

environment as they can result in a leaching of nutrients to the surrounding 

environment.  

The cover of seed mixture species was significantly higher in disturbed than 

in undisturbed study plots in the years 2003 and 2004. Thus, they seem to benefit 

from bare areas for seed germination created by disturbance. Peat provides 

essential nutrients for plant growth, which was reflected by an increased cover of 

seed mixture species in both undisturbed and disturbed plots with peat addition. 

Although the seed mixture species had a relatively high coverage in some of the 

study plots by the year 2008, only a few individuals were left in the study plots. 

The establishment of the seed mixture species was probably hindered by the 

insufficient light (Brothers & Spingarn 1992, Parendes & Jones 2000) and 

nutrient availability (Huenneke et al. 1990, Brooks 1999) in the forest. They can 

also be weaker competitors in unmanipulated habitats than native species. In 

addition, the forest edges can restrict the invasion of species with wind-dispersal 

(Cadenasso & Pickett 2001), and the mowing of vegetation in the summer further 

hinders invasion. 
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Fig. 3. Concentrations of a) phosphorous (P), b) calcium (Ca), c) magnesium (Mg), 

d) potassium (K), e) pH, and f) conductivity in ski runs and forest. 

3.4 Ski resort impact on water quality (IV) 

The concentrations of nutrients in epilimnetic water were higher in human impact 

(ski runs, agriculture, forestry) lakes than reference lakes in most lake types, thus 

supporting earlier findings (Wemple et al. 2007, Raumann & Cablk 2008) 

indicating that the development of a ski resort can have negative impacts on water 
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quality. Both nitrogen (tot-N, NH4-N, NO23-N) and phosphorus compounds (tot-P, 

PO4-P, in the PO4-P only lake types, SMOH and MMH included) were 

significantly higher in lakes with a human impact. Total nitrogen level also varied 

between lake types, small polyhumic lakes (SPH) having the highest 

concentrations. Indeed, one SPH lake, Tunturijärvi, had clearly higher 

concentrations of all nitrogen compounds, and after excluding that lake type from 

the analysis, the differences remained significant for NH4-N. In addition, there 

were positive correlations between some of the nutrient and land-use variables, 

which described the proportion of built upon areas (recreation and sport areas, 

summer cottages, other build areas) in the area of catchments. Both total 

phosphorous and total nitrogen were positively related to the proportion of other 

built upon areas in their catchments. Additionally, tot-P had a positive correlation 

also with recreation and sport areas.  

In general, the differences between impact and reference lakes were modest, 

and most of the lakes passed the national nutrient criteria established according to 

the Water Framework Directive (Finnish Environmental Institute, unpublished 

data). However, some ski resort lakes showed signs of eutrophication comparable 

with lakes affected by forestry and agriculture, and two ski resort lakes in Ruka 

failed the total phosphorous criteria set for good ecological status. All ski resort 

lakes passed the criteria set for good status concerning total nitrogen, but one ski 

resort lake in Levi (Tunturijärvi) had a concentration close to the upper limit of 

good status. The results of this study indicate that especially oligohumic and 

small lake types are sensitive to water pollution induced by ski resorts. Several 

tourism related factors may have contributed to the higher nutrient levels in ski 

run lakes. First, the removal of vegetation during the construction of resort 

facilities, like ski runs and golf courses, can increase erosion, surface runoff, 

nutrient leaching and sediment loads. Indeed, trampling along a shore and further 

in the area of a watershed by visitors has been found to increase the vegetation 

loss due to erosion (Toro & Granados 2002). Furthermore, elevated levels of 

suspended sediment have been found in ski resort area streams due to soil 

disturbance caused by the construction of ski areas (Molles & Gosz 1980, 

Wemple et al. 2007). Second, the management practices of ski resorts, like 

fertilization, artificial snow production and salting can increase the nutrient levels. 

The two ski resorts lakes in Ruka failing to pass the nitrogen criteria are in fact 

located under the ski runs, which are fertilized annually. In addition, in Levi, a 

golf course was constructed a few years ago around one study lake (Taalojärvi) 

with high levels of phosphorous compounds, and the surroundings of Tunturijärvi, 
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which contained high levels of both phosphorous and nitrogen compounds, have 

been intensively built upon, including parking lots and other highly modified 

areas.  
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4 Conclusion and Recommendations 

4.1 Managing recreational use in protected areas 

The impacts of recreational use in campsites can be very intense (Fig. 4). In 

Pallas-Yllästunturi all the campsites with summer use had bare areas, where not 

even species tolerant to trampling persist (I). However, the results in paper I 

suggest that the size of the disturbed area around campsites can be influenced by 

management. The area and amount of impact can be reduced by locating the 

campsite structures closer to each other and by constructing the campsite in an 

area of more disturbance tolerant vegetation types. On the landscape level, the 

extent of the disturbed area can be minimized by locating the campsite along 

already existing recreational routes. On the campsite scale, natural constraints, 

like topographical factors, dense vegetation, and channelling use with natural 

(Marion and Farrell 2002) or artificial structures can be effective in constraining 

the size of the area under impact.  

 

Fig. 4. Recreation and tourism induced changes in protected areas and ski runs and 

their management recommendations. 

The study in paper II showed that recreational use induces changes in bird 

communities and even a relatively low number of visits can affect some species. 

Whether the negative impacts on ground nesting species have population-scale 

consequences in Oulanka NP is not known. However, recreational disturbance 

Management recommendationsImpacts of nature-based tourism and 
recreation in northern boreal
environments

•Recreational use of protected areas
•Disturbance of vegetation and soil
•Changes in vegetation characteristics; 

cover and composition
•Changes in bird communities

•Construction and management of ski runs
•Increased soil nutrient concentration, pH 

and conductivity
•Impacts on water quality; increased

nutrient levels
•Changes in vegetation characteristics; 

cover, species richness and composition

•Protected areas
•Concentration of use; local and landscape level
•Directing the use to tolerable habitat types
•Monitoring

•Ski runs
•Avoidance of intensive construction of ski runs 
•Use of native species
•Avoidance of fertilization
•Use of water protection measures; buffer 

zones, flood plains and sedimentation basins
•Monitoring



 36

have found to affect the population size of birds (Mallord et al. 2007, Kerbiriou et 

al. 2009), and thus the impacts caused by recreational disturbance can be very 

important especially in the case of certain threatened species. In Finland, 

protected areas are important for maintaining species of conservational concern 

(Virkkala et al. 1994, Virkkala & Rajasärkkä 2007). In Oulanka NP, there are 

relatively wide areas left with no regular disturbance, but in smaller protected 

areas the impacts of recreation can be even more pronounced.  

Research conducted on recreational impacts upon vegetation and soil implies 

that with a high level of recreational use, it is best to concentrate the use, rather 

than disperse it over a wider area, as the relationship between use and the amount 

of impact is curvilinear (Hammitt & Cole 1998, Cole. 2004b). However, 

determining the relationship between the amount of recreational use and the 

impact on wildlife has been more complicated, due to difficulties separating the 

impacts of recreation from the impacts of confounding variables (Hammitt & 

Cole 1998). Paper II, with few other recent studies (Mallord et al. 2007, Stillman 

et al. 2007), suggests that the concentration of use might be also important for 

minimizing impacts on some bird species. Mallord et al. (2007) used model 

predictions to evaluate the consequences of different disturbance scenarios and 

found that doubling visitor numbers had less effect on the population of ground 

nesting passerine than the same number of visitors when distributed evenly 

among all sites.  

One of the management methods used in national parks has been zoning (e.g. 

Eagles et al. 2002). For example, in Oulanka NP, the park is divided into four 

different zones; the core zone, where recreational use is concentrated, the 

wilderness zone, restricted areas, and the border zone (next to the Russian border). 

Indeed, larger areas without disturbance are important for nature, especially for 

wildlife with wide home ranges. However, a careful planning and monitoring of 

the conservational values of an area is needed for zoning, as for example in 

Oulanka NP, the zone with the highest recreational use often overlaps highly with 

the areas of highest biodiversity in the area (Kangas et al. unpublished data). Thus, 

zoning requires knowledge about resource characteristics and recreational 

opportunities (Eagles et al. 2002). When zoning is well planned, recreational use 

can be restricted in the most sensitive environments and areas with high 

conservational value, whereas the most intensive use can be directed to more 

resilient environments. Concentrating the use to certain zones can also be 

practical and cost effective for managers. However, in highly visited parks, this 
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can lead to a decrease in visitor satisfaction due to crowding (Manning & Powers 

1984, Manning 2005). 

4.2 Minimizing impacts and management of ski resorts 

One of the central findings of this thesis is that the management practices of ski 

runs have various negative impacts on both terrestrial and aquatic environments 

(Fig. 4). The most drastic impacts are caused by the initial construction of ski runs 

due to the clearing of vegetation and the top layer of soil with machine-grading 

(III, IV, Malinen 1997, Wipf et al. 2005). The clearance of vegetation makes 

slopes prone to erosion, which can affect water quality, and thus requires a quick 

establishment of vegetation. Therefore, practical methods to minimize machine-

grading should be developed (III). The use of native species should be preferred, 

as their use is more ecologically sustainable, they are adapted to the local 

environment and they suit aesthetically well to the scenery (Malinen 1997) 

However, as the seeds of native vegetation are rarely commercially available 

(Chambers 1997, Malinen 1997, Macyk 2000), in cases where extensive 

construction is conducted, fast growing species may be needed to hinder erosion. 

However, instead of using non-native species, the possibility of using local 

species of traditionally managed semi-natural meadows could be considered. By 

using the native meadow species, the ski runs could assist in maintaining the 

biodiversity of semi-natural meadows, which is declining due to the 

intensification of agriculture (e.g. Hellström et al. 2003). 

Nutrient leaching due to fertilization can cause long-term environmental 

deterioration as it increases the nutrient concentrations of both terrestrial and 

aquatic environments. First, it affects diversity by favouring the rather 

monotonous vegetation dominated by a few species that benefit from human 

impact at the expense of native species. Secondly, it can foster the establishment 

of invasive species. Thirdly, it can cause eutrofication in water bodies. By 

collecting the growing substrate during the construction phase, the need of 

fertilization may be reduced (Ruth-Balaganskaya & Myllynen-Malinen 2000), 

and the fertilization could be limited to the initial stages of revegetation practices 

and added only if needed. As the construction and management of ski runs can 

enhance erosion and the leaching of nutrients, the use of water protection 

measures like vegetated buffer zones, sedimentation basins and flood plains, 

which are used to hinder diffuse pollution by agriculture and forestry (Haycock & 

Burt 1993, Muscutt et al. 1993, Osborne & Kovacic 1993, Burt et al. 1999), 
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should also be considered in the management of a ski resort, especially when 

water bodies are located under the ski runs.  

4.3 Risk of invasive species 

Both in Pallas-Yllästunturi NP and in the Ruka ski resort area, non-native species 

were detected only in disturbed areas; campsites and ski runs. Thus, at the present 

moment, their impacts on native vegetation seem to be minor. In campsites, as 

well as in ski runs, non-native species were disturbance tolerant, and thus can 

prevent erosion in the areas where the more sensitive species have disappeared. 

However, the monitoring of non-native species is needed to detect and prevent the 

invasion of non-native species. It can take decades after the initial arrival of 

species before it becomes invasive (Kowarik 1995, Crooks & Soule 1999). The 

factors that trigger the development of becoming highly invasive are not always 

understood. Hybridization between species and populations may result in a 

greater invasive potential (Ellstrand & Schierenbeck 2000). In paper III, the risk 

of hybridization is realized through the possibility of local populations to breed 

with the same species as in a seed mixture. In fact, the invasive species used in ski 

resorts’ revegetation practices and amenity plantings have been found to be 

established in native vegetation in alpine areas (Johnston & Pickering 2001, 

McDougall et al. 2005, Pickering & Hill 2007). In addition, non-native species 

have been found to be introduced to Oulanka NP via horse-back riding (Törn 

2007) and established in areas which are under continuous disturbance (Törn et al. 

2008). The magnitude of invasions by non-native species has been more extensive 

in ecosystems with moderate climates than with extreme climates (Usher 1988, 

MacDonald et al. 1989). The risk of invasion can get even more pronounced in 

the future, through the effects of global warming, nitrogen deposition, altered 

disturbance regimes (Dukes & Mooney 1999), and the growing nature-based 

tourism industry (Usher 1988, MacDonald et al. 1989). 

4.4 Role of research in sustainable tourism management 

The studies of this thesis show that nature-based tourism has affected the 

terrestrial and aquatic ecosystems in northern boreal environments (Fig 4.). The 

most visible and profound changes are caused by the wear and removal of 

vegetation which is due to trampling and the construction of infrastructure. 

Vegetation removal makes soil more prone to erosion, and can thus result in 
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changes of species composition and the occurrence of vegetation as well as 

wildlife. Also, it can affect water quality and inevitably decreases the aesthetic 

value of the landscape. In addition, the use of recreational routes in national parks 

has had a direct impact on birds due the disturbance caused by visitors. Moreover, 

the management practises of ski resorts as such can deteriorate the environment 

directly and indirectly. Revegetation practices affect the vegetation characteristics 

of ski runs extensively, and the impacts are amplified with fertilization. 

Fertilization further affects the water quality of water bodies nearby. The long 

term impacts induced by tourism, like eutrofication and invasion of non-native 

species, can be very expensive or even impossible to fix. For example, the 

elimination and control of invasive species can get expensive or ineffective if 

management is not started in the early stages of invasion (MacDonald et al. 1989). 

In northern regions, environmental factors, like lower temperatures and a shorter 

growing season, further set limitations for the recovery of nature after disturbance. 

Thus, it is essential to monitor possible impacts regularly and consider them at all 

levels of planning and management.  

The habitat loss and fragmentation due to human land use activities is the 

main reason for many species and populations becoming threatened or even 

extinct (Sala et al. 2000, Hanski 2005). Undoubtedly, other main land uses like 

agriculture and forestry have more severe and widespread consequences on the 

environment and populations than tourism on the national scale in Finland. 

However, although tourism and thus its impacts tend to be concentrated, they can 

be very intense and severe on the local scale (Hammitt & Cole 1998) and can 

cause further stress to the environment and populations already affected by other 

land uses. Nature-based tourism is often concentrated on areas with high 

conservational value, like national parks, which still contain areas with a 

relatively natural state, and which can thus be highly important for species 

affected by anthropogenic changes in their environment. In areas with a high 

intensity of use, wildlife has been found to habituate to humans in some cases 

(Cooke 1980, Lord et al. 2001, Ikuta & Blumstein 2003, Gonzalez et al. 2006). 

However, if the breeding success is reduced despite the habituation (e.g.Gonzalez 

et al. 2006), in the worst case, small intensively used protected areas can become 

sink habitats, which need continuous immigration from other areas to maintain 

populations (Pulliam 1988). 

Tourism development has been fast in many areas, and thus, management and 

research may lag behind and detect impacts when they have already occurred. As 

the recreational and tourism use of wilderness areas will continue as it is, or even 
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grow in the future, environmental problems may increase and get more 

pronounced. Therefore, it is essential to improve our knowledge of the state and 

function of natural ecosystems and their threats. The studies of this thesis give 

new information on the impacts of recreation and nature-based tourism on soil, 

vegetation, wildlife and also water quality in northern boreal environments. It also 

provides information on the current state of the studied ecosystems, which can be 

used in future to manage, prevent and minimize impacts. This thesis focused on 

the ecological aspect of sustainable tourism, but also, social and economic aspects 

should be considered in sustainable tourism development. Management decisions 

are often compromises between various stakeholders and thus co-operation 

between managers, scientists and other parties involved are essential in all stages 

of management.  
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