
Revegetation of Vehicle Tracks on the Tundra. 
A study of plant growth in vehicle tracks on the tundra in Adventdalen, and a 

comparison of different methods of  large- scale remediation of such tracks. 

 

Elisabeth J. Cooper, Erica Näslund, Philipp Semenchuk. 

 

  
 
Institute for Arctic and Marine Biology,  
Faculty of Biosciences, Fisheries and Economics,  
University of Tromsø, N-9037 Tromsø    
 Project 09/85       December 2011

 1



Revegetation of Vehicle Tracks on the Tundra. 
 

A study of plant growth in vehicle tracks on the tundra in Adventdalen, and a  

comparison of different methods of large- scale remediation of such tracks. 

 

Project leader: Dr. Elisabeth J. Cooper. 

Project members: Erica Näslund, Philipp Semenchuk. 

Institute for Arctic and Marine Biology, Faculty of Biosciences, Fisheries and 

Economics, University of Tromsø, N-9037 Tromsø. 

 

Summary 

A vehicle with caterpillar tracks made tracks in the tundra whilst driving in Adventdalen, 

Svalbard, on unfrozen ground in Spring 2009 as the snow was melting. Two parallel 

tracks of 47 m long and 50 cm wide were clearly visible. Vegetation cover inside the 

tracks was 16 %, compared to 94 % in the surrounding vegetation. The soil seed bank in 

the tracks was also much lower than in the surrounding vegetation. 

 

Natural revegetation of disturbed tundra is extremely slow. Our investigations suggest 

that it may take up to 24 years for vegetation to return to similar levels of cover. 

However, this regrowth may not have the same species composition as the original 

vegetation. This means that even if the tracks become revegetated, it will still be possible 

to see where they were, which is unsightly and leaves a record of human presence on the 

tundra for many tens of years. Tracks may still be visible for 75-100 years especially if 

they were made in climax well-established vegetation types, such as Cassiope heath. 

 

We investigated six different methods to assist revegetation in a Cassiope heath in 

Adventdalen, and recorded plant growth in the tracks for two summers, 2010 and 2011. 

The fastest increase in plant cover on the tracks was encouraged by nutrient addition, 

both alone and in combination with covering the tracks with a garden cloth. These 

treatments, as well as seed addition, increased the density of individual plants, which 

should lead to enhanced plant growth in the tracks in the future. 
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Environmental Management 

 

This project underlined how important it is to try to avoid making tracks in the tundra. It 

has also sparked local interest amongst locals and visitors we took to the site and 

encouraged those working in this project to become involved in environmental 

remediation.  

 

This project clearly demonstrated that off-road vehicles can leave unsightly tracks in the 

vegetation which take many years to revegetate. Plant cover and the soil seed bank 

become severely depleted. A lack of plant cover can lead to soil erosion through 

channeling of rainwater. Even when plants grow in the tracks, the species composition 

does not match that of the surrounding vegetation, which looks ugly. 

 

This information can be used in setting/ adjusting rules for the use of tracked vehicles at 

the end of the snow season. It may call for stricter regulations, especially concerning less 

common vegetation types or those which take very long time to establish, for example 

Cassiope heath. 

 

This project also investigated six methods of assisted revegetation. Of those tested in the 

field, adding low levels of fertilizer together with covering with a garden cloth gave the 

greatest increase in vascular plant cover; 2nd most effective was the nutrient treatment 

alone.   

 

This could be trialed in a larger scale field trial in several vegetation types. However it is 

important to notice that: 1. The nutrient levels added must be tightly controlled so they 

are not unnaturally high, and 2. Resultant plants which grow in the tracks are not the 

same species as original surrounding vegetation. Addition of seeds which then germinate 

enhance the density of individual plants, which may lead to enhanced plant cover in the 

future. It could be that combining the nutrient addition with addition of soil (containing a 

natural seed bank) from unaffected areas may enhance germination of the correct species. 
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We followed the regrowth of plants on these tracks for two years. It would be very 

informative to visit these plots again at regular intervals in the future and to record how 

the vegetation regrowth continues to develop, in order to enable us to better understand 

remediation after disturbance. 

 
 
Figure 1 Tracks visible on tundra, early June 2009. 
 

 
 
Introduction 
 
The easiest and most popular way of transportation on the tundra of Svalbard is by using 

off-road vehicles such as snow mobiles and bandwagons in winter time. Large tracked 

vehicles, such as bulldozers are used on Svalbard to transport heavy equipment (e.g. to 

and from the mine working in Svea, moving newly built cabins to the tundra). Driving in 

midwinter, when there is good snow coverage and the ground is frozen, does not pose a 

threat to the tundra, see Fig 2. 
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Figure 2. Photo of a 75 m2 cabin being taken to Eskerdalen behind a bulldozer on 
06.02.2008.  
 
Photo: Leif Erik Kvinnegard. Web address: 
http://www.trakkemaskin.no/default.asp?cid=8&pc=3&kategori=&produsent=&produkt=
&anlegg=&land=&tema=&ar=&bps=15&obv=&brukerID=1166&startdato=&stoppdato
=&screenerschoice=&fritekst=&co=&lang=no 
 

 
 
Regulations control the period of time and where these tracked vehicles, e.g. snow 

mobiles, bandwagons and bulldozers, are allowed to drive (Forskr om ferdsel med 

motorkjøretøy på Svalbard, chapter II, §5 and §6). Adventdalen, the area of research in 

this study, is an area with legal restrictions on driving on unfrozen or snow free ground 

and therefore this is forbidden. Many people drive tracked vehicles on unfrozen tundra, 

despite the regulations against this, and it is difficult to find out who is responsible for 

such tracks. This has been a growing problem since the sixties (Kevan et al. 1995). 

When off-road vehicles drive on unfrozen ground (e.g. late spring as the snow is melting) 

the organic layer covering the soil surface is disturbed which creates visible scars in the 

vegetation. The tracks left by these sorts of vehicles damage vegetation and water flow 

through the soil and are also an eyesore.  

 

The tracks may take many decades to begin to become vegetated again and little is 

known about how to assist such revegetation.  Methods to re-vegetate these scars are 

needed in order to repair the human impact on arctic tundra. This study aims to find out 
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which methods are most suitable for restoring the natural vegetation on damaged ground 

for large-scale purposes on Svalbard. The two tracks where this study is carried out most 

likely a resulted from a bulldozer or bandwagon transporting a cabin towards Foxdalen in 

late spring/beginning of summer of 2009.  

 

In this project we try to find the best revegetation method for such damage, by applying 

different treatments. The treatments should promote the re-growth of species native to 

Svalbard and are supposed to be suitable for large-scale revegetation projects. Six 

different treatments were applied to the soil during summer 2010, involving aeration of 

the soil, seed sowing and increased temperatures, nutrition levels and humidity. 

Documentation of seed germination, seedling survival, vegetation coverage, seed bank 

content, soil hardness, temperature and humidity were made. 

 
Figure 3. Map showing location of study site in Adventdalen. 
 

 
 

Previous revegetation studies around the Longyearbyen area were carried out in 1980 

by the local authority with the main focus on the sowing of introduced grass species 

(Hagen 2003; Låg 1986). The aim of this study is to achieve the natural state of 
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vegetation in the vehicle tracks instead of introducing non-local species. As a result of 

this project we aim to be able to suggest the best methods for revegetation of 

snowmobile/ bandwagon tracks and to give an idea of how long complete 

revegetation might take. To be able to plan a revegetation project, knowledge about 

the initial phases of different plant species is fundamental (Urbanska 1997). This has 

been integrated in this study by comparative vegetation analyses, seed bank studies 

for areas with high, low and no vegetation cover, measurements of soil temperature, 

soil hardness and soil humidity and seedling survival monitoring ex situ and in situ. 

 

Material and Methods 
 
This project in Adventdalen, Svalbard, focuses on tracks made in Spring 2009 

running through and to the side of the snow fence experiment (joint UNIS-Tromsø 

University project) 78,17°N, 16,04°E. There is a large double track, length of each 

track is 47 m, average width of 0.5 m, and they are c 2m apart (see Figs 4a-d).   

 

In summer 2010 a number of different methods were used to obtain the best 

background knowledge about the area within the tracks and their surroundings and to 

asses the impact of the different plot treatments applied in the tracks.  

 

Study plots 

There were seven treatments (including controls); ten replicates for each treatment 

were made with a total of 70 study plots in the tracks. The plots were chosen based on 

the condition of the ground. Rocks and bumps were abundant along the track length - 

these areas were not selected to be a part of the study plots. Plots were marked with 

plastic sticks in two corners of a square, length 35 cm. The size of the areas that were 

analyzed inside the plots was 400 cm2.  In early July 2010 treatments were applied to 

the plots, all of which were applied on the entire plot surface (35cm x 35cm) at 

minimum to avoid edge effects (see Fig 5).  
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Figure 4  a, b. Photos of the tracks in early June 2009   
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Figure 4 c, d 
 
Photos of the tracks in early Sept 09 
 

 
 
 
 
Close up of damage to tundra soil 

 
Treatments  
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1. Fertilization (F): plant nutrition for outdoor use (Substral Planteæring, The Scotts 

Company (Nordics) A/S: Naverland 34 DK-2600 Glostrup) mixed with water to a 
nitrogen concentration of 5 g/m2 (Baddeley et al,1994) i.e. 17.5 ml of plant 
nutrition/0.5 m2. This mixture was sprayed onto the microsites and 15 cm around 
it to avoid edge effects.  

 
2. Tilling (T) was performed to aerate the soil using a fork in a spinning movement 

down to 3cm depth.  
 

3. Seed addition (S): 50 seeds/bulbils from Silene acaulis, Saxifraga oppositifolia 
and Bistorta vivipara were sown in separate locations of the same plot, using 
some added water to prevent them from blowing away.  

 
4. Warming (G): A fiber cloth (http://www.gardeners.com/Row-

Covers/5111,default,pg.html ) was cut and spread out on the plots and 15 cm 
around them to avoid edge effects, the cloth was fastened with nails to keep it in 
place. This cloth warmed the surface of the plots throughout the summer. 

 
5. Addition of small pieces of Salix polaris and Saxifraga oppositifolia (SS): these 

were cut with scissors from a nearby slope and spread out on the plots in 
combination with some water to keep them from blowing away. 

 
6. Fertilizer and warming combined (FG): applied in the same way as 1 + 4 above.  

 
7. Control (C): tracks were untreated. 

 
Figure 5. The plots marked out and treatments applied. Early July 2010.  
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The treatments were applied only once; this was in July 2010. However, if the garden 

cloth was removed by reindeer or wind, it was replaced. 

 

A germination test was also performed ex situ with 100 seeds or 50 bulbils of the 

three species used. 10 g of Agar mixed with 750 ml of distilled water was heated 

from +18°C to +80°C and then distributed into Petri dishes to cool off for one hour 

before adding the seeds/bulbils. Temperature loggers were installed to monitor the 

temperature of the germination site in the laboratory (+20°C from 8am-8pm and 

+10°C from 8pm-8am). The number and date of germinating seeds/bulbils was noted 

during a period of three months. 

 

Vegetation analyses 

Before adding any treatments to the plots a vegetation analysis was made in- and 

outside the tracks in June 2010 using the point-frame method. Eleven areas of 1 m2  

were analyzed outside the tracks and the inner 400 cm2 of each of the 70 plots inside 

the tracks was analyzed. Humidity was measured along the tracks in June and in 

September. That information was useful when deciding where to place the 70 study 

plots, since the lower part of the tracks were much more humid than the upper part. 

Therefore approximately half of the replicates of each treatment were placed in the 

upper and half in the lower part of the tracks. Once a week during ten weeks in July- 

September each plot inside the tracks was monitored using a point-frame of 400cm2. 

The number and percentage cover of new germinated seedlings and established plants 

were documented. Photos were taken before the application of the treatments in June 

and once again in August (see Fig 6a, b). Temperature loggers were placed in one 

plot replicate for most treatments and in two plot replicates for the fiber cloth, the 

Salix polaris and the combined fiber cloth and fertilizer treatment. The loggers 

recorded data for two weeks in September 2010, and throughout the summer 2011.  

 

Soil sampling 

A total of 253 soil cores were collected from inside the tracks and from 1 m outside 

the tracks to perform a seed bank study ex situ. In rows of eight, four on the outside 
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and four on the inside of the tracks, the cores were taken with a corer with the 

diameter of 3.5 cm. The soil cores were collected in a period from July-August. Until 

all the soil cores were collected, the cores were kept at +7°C without light.  

 

Figure 6 a, b. Plot photos June and August 2010. 
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Germination in greenhouse 

The soil cores were transported to another storage room in September 2010 and kept 

at + 0.5°C for five weeks. The top 2 cm of each soil core and associated vegetation 

was put into Petri dishes on filter paper and kept at -5°C without light for another 

seven weeks.  For germination of the soil seed bank, the soil cores were first 

acclimatized in 0.5°C for four days and in +5°C for four days. Afterwards, the Petri 

dishes were moved into a phytotron and kept at +18°C for 12 weeks with 24 hours of 

light (150 µmol) to simulate the germination period in summer at Svalbard. The soil 

was moistened every third day and check-ups were made once a week. Germinating 

seedlings were re-planted into small pots (Fig.7) and re-marked to be able to 

distinguish between different species and if they were grown from seeds, bulbils or 

propagules. Seedling survival was monitored once a week. 
 

Figure 7. Greenhouse germination of soil seed bank  
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Results and Discussion 
 
Study area 
The area surrounding the tracks has almost complete vegetation (94 % cover). It is a 

Cassiope heath which is one of the less frequent of the common vegetation types in the 

Longyearbyen area. Cassiope is a slow growing evergreen shrub (less than 1 cm per year, 

Mallik et al 2011), typically found in areas with deep snow cover. Dominant species in 

the undisturbed vegetation are Cassiope (43 %), Salix (11 %), Dryas (7 %) graminoids 

(12 %) and moss (12 %). See Table 1 for vegetation composition. This is a well 

established vegetation type, not typical ‘pioneer’ vegetation, and this vegetation type is 

one of the most slow to regenerate after disturbance (Speed et al 2010).This may be 

partly due to the fact that Cassiope and Dryas are species with low rates of seed 

germination (Muller 2011, thesis) and establishment (Cooper et al 2004), and generally 

grow very slowly. 

 

Table 1 
Percentage cover of various components of the undisturbed vegetation in the vicinity of 
the tracks. Eleven 1m2 plots were analyzed. 
 
Undisturbed vegetation outside tracks 
Alopecurus 1.0
Bistorta 1.6
Cassiope 42.7
droppings 0.4
Dryas 7.2
Equisetum 2.0
Graminiod 11.5
H20 0.1
Lichen 0.3
Luzula 1.7
Moss 11.9
Oxyria 0.4
Pedicularis 1.1
Salix 11.4
Saxifraga 
opp. 0.1
soil 5.0
Stellaria 1.7
  
sum 100.0
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Severe disturbance was caused by the tracked vehicle in Spring 2009. A comparison 

made the following year on 30 June 2010 shows that the total vegetation in the tracks was 

only 17 % compared to 94 % in the adjacent areas surrounding the tracks (Fig 8). 

 
Figure 8. Comparison of vegetation cover inside and outside of tracks in Adventdalen. 

Vegetation cover inside and outside of tracks, Adventdalen
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We studied during 2 summer seasons 2010 and 2011. These had contrasting 

temperatures, see Fig 9. Average and peak temperatures recorded in the 2011 growing 

season were higher than in 2010. 

 
Figure 9. Soil temperatures 2cm belowground, 2010 and 2011, Adventdalen. 

Adventdalen Soil Temperature 2cm below ground, 2010 and 2011 

0

2

4

6

8

10

12

14

16

18

8 
Ju
ly

10
 Ju

ly

12
 Ju

ly

14
 Ju

ly

16
 Ju

ly

18
 Ju

ly

20
 Ju

ly

22
 Ju

ly

24
 Ju

ly

26
 Ju

ly

28
 Ju

ly

30
 Ju

ly

1 
A
ug

3 
A
ug

5 
A
ug

7 
A
ug

9 
A
ug

11
 A
ug

13
 A
ug

15
 A
ug

17
 A
ug

19
 A
ug

21
 A
ug

23
 A
ug

25
 A
ug

27
 A
ug

29
 A
ug

31
 A
ug

2 
Se
pt

4 
Se
pt

6 
Se
pt

8 
Se
pt

Dates 7/7‐10/9 2010 and 2011

Degrees C°

2010 2011

 
 

 15



Track vegetation 

There was very slow natural revegetation. There was an increase to a peak season value 

of 4.9 % vascular plant cover and 0.6 % moss cover during 2010 and a further increase of 

9.5 % vascular and 5.1 % moss in 2011 (Fig 10). The warmer temperatures experienced 

in 2011 most likely contributed to greater plant growth. 

 

Figure 10. Increase in vegetation cover within vehicle tracks in Adventdalen, 2010 and 
2011. 
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Revegetation of the tracks to the same level of vegetation cover as the undisturbed 

surrounding areas (94 % cover) will take many years. Calculations based on the 

vegetation cover at the end of growing season (3.5 % increase in 2010 and 2.9 % in 2011, 

average 3.2 % annual increase) indicate that this may take 24 years. However based on 

the peak season vegetation cover (5.4 % and 13.1 % increase in 2010 and 2011, 

respectively), this figure is reduced to between 14.3 and 5.9 years, depending on climatic 

conditions experienced. Clearly this data must be interpreted with caution, as it is based 

on only 2 summers of observations, and it is unknown whether the vegetation would 

continue to grow at the same rates as the vegetation in the tracks increased, or whether 

the increase in plant cover would increase or slow down as the tracks gradually become 

more vegetated. The role of climatic conditions here is also very important and is likely 
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to affect plant growth rates, along with grazing pressure (mostly from reindeer, geese or 

ptarmigan). 

 
A comparison of the proportion of vegetated area represented by different species / plant 

groups in undisturbed areas (30.06.10) and inside the tracks three summers after the 

tracks were made (Table 2) shows that the plants growing in the tracks do not have the 

same species composition as in the surrounding vegetation.  

 

Table 2. Comparison of proportion of vegetated area represented by different species / 
plant groups in undisturbed areas (30.06.10) and in tracks (28.07.11) after 2 season’s 
growth. 
 
proportions undisturbed track difference
   
Alopecurus 1.1 11.0 9.9
Bistorta 1.7 14.8 13.1
Cassiope 45.2 0.0 -45.2
Dryas 7.6 0.0 -7.6
Equisetum 2.1 13.3 11.2
Graminiod 12.2 6.8 -5.4
Luzula 1.8 3.6 1.8
Micranthes 
hieracifolia 0.0 4.0 4.0
Oxyria 0.4 1.4 1.0
Pedicularis 1.2 1.4 0.2
Salix 12.1 28.1 16.0
Saxifraga opp. 0.1 0.0 -0.1
Stellaria 1.8 4.0 2.2
Lichen 0.3 0.0 -0.3
Moss 12.6 13.1 0.5

 
This is maybe due to the fact that the two main species present in the undisturbed 

vegetation outside of the tracks, Cassiope and Dryas, are long living, slow growing 

woody shrubs, with low germination rates. These species take a long time to get 

established.  

 

The density and diversity of germinating seeds and sprouting propagules was much lower 

inside the track than outside (Table 3). The top layer of soil containing the seed bank was 

probably ripped away with the vegetation by the caterpillar tracks. This natural seed bank 

is very important as a source of local seeds for revegetation. 
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Table 3 Seed germination and vegetative growth in the greenhouse from soils taken 
within the track and from under intact vegetation outside the track in Adventdalen. 

 
Inside Germinating seeds 26
the track Vegetative propagules 36
 Number of species germinating 8
Outside Germinating seeds 50
the track Vegetative propagules 130
 Number of species germinating 10

 
Complete revegetation with the original species, may take over 75 years (Forbes et al 
2001). 

 
 
Treatment comparisons 
 
We applied seven different treatments to the tracks, six of which were amelioration aimed 

to promote growth of plants native to Svalbard in these vegetation-poor areas. We 

followed the vegetation development for two summers. The period 1 July-10 Sept had 

lower average and maximum soil temperatures in 2010 than 2011. There was a 

corresponding larger increase in plant growth in 2011, which maybe due purely to the 

warmer temperatures or due to a combination effect of warming and time needed for 

establishment and regrowth. 

 

The increase in aboveground vegetation cover since 1st July 2010 can be seen in Fig 11. 

In 2010 there were fairly small differences between the treatments until 25 August, when 

the vegetation senesced and died off for winter. In 2011 growth was generally greater 

than in 2010 and the differences between the treatments become more apparent. The 

treatments which had larger amount of vegetation than control were those which were 

fertilized- both with and without a garden cloth (F and FG). 

 

Figure 11. Increase in vegetation cover since 1 July 2010 in tracks in Adventdalen. 

Treatment codes: FG: fertilized + garden cloth, F: fertilized, G: garden cloth, C: untreated 

control, S: seed addition, SS: vegetative propagules of Salix and Saxifraga oppositifolia 

addition, T: tilling. Means and Standard Error. 
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Increase in % vegetation cover from 1 July 2010, Adventdalen
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The increase in density of individuals (Fig 12) was enhanced in both 2010 and 2011 by 

addition of seeds (S) as well as the two fertilizer treatments (F and FG). The rapid 

increase in individuals in the seed addition treatment in early July and the reduction in 

number at the end of August represent germination and subsequent die-off of young 

seedlings. Increase in density of individual plants is likely to lead to enhanced vegetation 

cover in the long term. 

 

Figure 12. The increase in density of individuals since 1 July 2010 in tracks in 

Adventdalen. Treatment codes: FG: fertilized + garden cloth, F: fertilized, G: garden 

cloth, C: untreated control, S: seed addition, SS: vegetative propagules of Salix and 

Saxifraga oppositifolia addition, T: tilling. Means and Standard Error. 
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Conclusions and Environmental Consequences of this study 

This study demonstrated that tundra vegetation, and Cassiope heath in particular, is 

very vulnerable to tracked vehicles driving on unfrozen ground, and that clearly-

visible tracks can be made in otherwise fully vegetated areas. These tracks take many 

years to become vegetated. Our study indicates that, depending on climatic 

conditions, it may take up to 24 years to reach 94 % vegetation cover, as in the areas 

surrounding the tracks. However, the plants which grow in the tracks do not have the 

same species composition as their surroundings, and it may take more than 75 years 

for the tracks to reach this species composition, due to low germination and 

establishment and slow growth of the shrub species Cassiope and Dryas. 

 

This study trialed six different ameliorative treatments on the tracks and compared 

them to untreated control plots. Addition of low levels of fertilizer, with and without 

the cover of a garden cloth, enhanced the increase in vegetation cover. These 

treatments, together with the sowing of seeds enhanced the density of individuals 

growing in the tracks. 

 

Based on these results we suggest: 

1. Monitor these plots in future years to see if they continue to respond to the 

treatments applied in the same way as in 2010 and 2011. 

2. Carry out a large-scale trial, with the addition of low levels of nutrients in 

combination with soil taken from the surrounding areas to add relevant seed from 

the natural seed bank. Register plant growth on the tracks in regular intervals. 

 

In addition, the implications of making tracks by driving over unfrozen tundra should be 

made clearer to tracked vehicle drivers. If necessary, rules concerning driving after the 

snow has melted should be made stricter and/ or enforced. Any new tracks should be 

registered. Certain vegetation types, such as Cassiope heath are particularly vulnerable to 

such tracked vehicles as they take a very long time to recover. These areas in particular 

should be avoided late in the scooter-season. Cassiope commonly grows under a deep 

snow cover, so this species may be particularly vulnerable to drivers targeting late-lying 
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snowbeds, which may not be sufficiently supportive for a tracked vehicle and the ground 

may not be frozen late in the spring. 
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