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Abstract: We studied changes in vegetation, soil microbiology and soil properties

during a - years study in a Fennoscandia tundra. The test sites were located at the

border between Norway and Finland, a region which is divided by a fence to di#erent

areas of land use by reindeer herding. The Norwegian site acts as winter pasture only,

the Finnish site is under use all the year. Due to shifts of the fence some years ago,

an area of recover was found. Reindeer grazing and trampling changed not only veg-

etation cover, mainly from lichen heaths in Norway to grass and shrub land at the

Finnish side. This had also consequences on soil properties, the microbial community

and soil respiration. Di#erences in these items, however, are not directly to changes

in vegetation cover; more dangerous are trampled and probably highly grazed spots

which show barren soils. Main e#ect to soil respiration is temperature, which shows

significant higher levels at the Finnish side, which leads to higher evaporation, thus

lower moisture and thereof reduced microbial activity.

key words: soil respiration, reindeer, grazing, trampling, lichen heath, tundra, Fen-
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+. Introduction

Land management in northern landscapes has not gained much interest in the past.

But climate change and herewith connected northward shifts of boundaries for tillage

and intensifications of herding reindeer provide new aspects in northern Scandinavia and

Russia. Reindeer husbandry is a traditional land use in this area, but has gained

considerable changes during the last century. Fencing, extra fodder during winter,

meet production and slaughtering by external rules from the European Market mark

changes in nature and social conditions (Müller-Wille, +321). The e#ects are visible in

the vulnerable social systems and become evident by competition with other land uses,

mainly forestry, tourisms and energy production (Forbes et al., ,**., ,**0; Müller-

Wille et al., ,**0).

Changes in herding by increasing animals per square meter and fencing herding
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districts (Palsikuntas) occur in an area with sensitive soils in pine forest and tundra

environments with weak stability of the organic horizon (Van der Wal et al., ,**+;

Uhlig et al., ,**.). Soils in these areas are mainly nutrient-poor shallow podzols,

which show only thin layers of organic matter (Schultz, ,***; Zech and Hintermaier-

Erhard, ,**,). This pattern can be related to low rates of primary production and the

dominance of acidic litter from pine forests or lichen heaths. Hence, the soils are

highly susceptible to compaction and erosion, lichen heaths are brittle and highly

sensitive to grazing and trampling (Manseau et al., +330, +333; Bölter and Möller, ,**0;

Peth and Horn, ,**0; Uhlig and Zink, ,**0) in areas with intensive herding.

A three years study was initiated by a group of herders and scientists of di#erent

disciplines and funded by a European Community research program (RENMAN, cf.

Forbes et al., ,**., ,**0). The aim of this study was an evaluation of the state of the

soils in a forest environment next to the village Vuotso, and tundra environment in the

vicinity of the village Näkkälä, both located in northern Finland. The objective was to

formulate management plans for reindeer herding in these two Paliskuntas (herding

districts). This contribution focuses on the latter area, which o#ered the chance to

compare the di#erent ways of management at the border to Norway, where the Finnish

herders use their areas all year around, the Norwegians use their area only during

winter; both are separated by a fence. Thus, vegetation and soils have undergone

changes and show a clear di#erentiation (Käyhkö and Pellikka, +33.; Kumpula, ,**0).

This was used as a chance to compare the e#ects of di#erent herding strategies by

methods of soil science and soil biology.

This paper describes data on changes in soil properties and microbial activity

related to changing vegetation cover a#ected by grazing and trampling. Changes in

vegetation cover a#ect significantly soil organic matter due to erosion but also by

changes by lichen heaths to coverage with shrubs and other rooting plants, which have

further consequences on soils temperature, both are main drivers for microbial activity,

hence nutrient cycling and further soil biological properties.

,. Material and methods

,.+. Location

The study was carried out in Northern Scandinavia at the border between Finland

and Norway named Roavveoaivi (Raavvoai’vi). It is located north of the Sámi village

Näkkälä in the Jauristunturit region, Enontekiö (Hetta) and Finnmark Commune

(details of this location are presented by Forbes et al., ,**., ,**0). The landscape is

a fjell at an altitude of about -/* m a.s.l. A reindeer fence separates the fjell, a treeless

tundra area, into a northern region (Norway), which is used as winter pasture only, and

a southern region (Finland), which is used by reindeer all the year around. Part of this

area has become special attention, where the fence was moved south and the vegetation

could recover for about +, years (Fig. +). Hence, in this area we find three di#erent

areas of land use: winter pastures (Norway), and year around pastures (Finland), as

well as a transition region under recovery since +33*, when the fence was shifted south.

The primary vegetation, as visible in the Norwegian area, is formed by a lichen

heath, mostly by Cetraria sp., Cladonia sp., and Cladina sp. The Finnish side is only
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Fig. +. Map of the investigation area Roavveoaivi (Raavvoai’vi) at the border between Norway and

Finland (square in the insert map). An area of -�+ km was set (above) in which the fence

separates the Norwegian and Finnish grazing grounds. The fence is indicated by a broken line,

nearly diagonal through the rectangle. The top figure is a Satellite photo (Kumpula, ,**0)

under laid with mapping informations, it shows the lighter grounds in Norway due to the dense

cover with lichens (area of winter pastures), the area of vegetation recovery (light greyish), and

the Finnish area (dark grey). The figure below (left) shows the area of the three grazing types

and (right) the positions of the sampling points (+�+.3) at six transects.
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sparsely covered by lichens, here shrubs, Empetrum sp., Salix sp., Betula nana and other

herbs and grasses dominate the ground (Kitti and Forbes, ,**0). Further, some areas

are barren grounds, probably due to trampling, they are suspected to erosion.

,.,. Field methods

The field campaigns for measurements of environmental parameters (temperature,

humidity, precipitation) and samplings were carried out in summers ,**, and ,**-.

The above described three di#erent regions were sampled by six transects from north to

south crossing the three regions of land use. Sampling was performed by a metal soil

corer (diameter and hight . cm). Samples were stored cool and air-dry until processing

in the laboratory. In total, +.3 sampling points were considered and surface samples

(*�/ cm) were analysed for soil properties (Peth and Horn, ,**0); digital photographs

covering about + square meter were analysed for vegetation cover (lichen, shrubs and

herbs, and barren soils); 2, samples were analysed for microbiological properties. The

edges of the rectangular are given by the plots 03 (02.2,1�N, ,-.2*,�E), 1 (02.2,1�N,

,-.2*2�E), 2+ (02.2,.�N, ,-.2*-�E), and +.3 (02.2,.�N, ,-.2*3�E) (Fig. +).

Temperature measurements were performed by probes in - soils, each of them

located in a heavy, low, and medium grazed area, i.e., in one of the three test fields.

Data loggers recorded temperature at di#erent layers every +* min. The sensors were

placed in the vegetation layer, and at soil depths of , cm (organic layer), /, +*, and +/
cm. Thus, the region of main microbial activity was covered. Temperatures used for

the models of this paper were obtained between July 2 and August ,2, ,**,.

,.-. Laboratory methods

Bulk density and soil organic matter measured by loss on ignition (LOI, /.*�C)

were analysed to describe the soils and calculating data from mass to area. The

analyses of the microbial community were performed by epifluorescence microscopy

(bacterial number and biomass and thereof derived parameters like mean cell volumes,

cell surfaces) (Bölter et al., ,**,). Soil respiration data were obtained by incubating

sub-samples (+*�,/ g, depending on bulk density) at di#erent temperatures by infra-red

measure of CO, in an open chamber device (Bölter et al., ,**-a). Soils were rewetted

to /*� water-holding capacity. Data were interpreted by means of non-parametric

statistics, i.e., the use of descriptors like medians, minima and maxima.

-. Results

The overall data on soil organic matter do not show a clear indication to separate

the three areas (Fig. ,). The median values for all samples from Norway (n�.,) is

.2.-� (range: +..-�23.+), the samples from Finland (n�,+) is /*..� (/.+�12./), and

for the transition area (n�,-) is ././� (+,.3�2*.3). These data of organic matter

content show close relations to vegetation cover. Lowest values are found in barren

soils at the Finnish site, sites with herb vegetation do not show generally lower values

than the lichen heath.

The organic matter can be suspected to influence the microbial community.

Hence, relationships between LOI and bacterial number and biomass can be evaluated.
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However, this relationship is not evident for all locations as the quality of organic matter

may influence the community size. Di#erences in the bacterial communities due to

sizes of bacteria are not observed, a nearly straight relationship exist between bacterial

number and biomass (Fig. -), indicating a fairly homogeneous population structure.

Soil respiration shows great variability related to soil organic matter and organism’s

abundance. The view on the respiration data per mass unit of each plot shows a pattern

comparable to LOI. No clear evidence seems to be apparent separating the three areas.

Thus, the data of these areas are combined to three groups according to the sampling

areas. These groups show evidence to be useful descriptors for di#erences between the

sites (Fig. .). In a similar way, it is possible to di#erentiate between these three re-

gional aspects (Table +). Thus, the main points for separating the stages of soil pro-

perties became evident.

The next step in this study is to look for the temperature profiles in soils with respect

Fig. ,. Contents of organic matter in soils (LOI) samples of transects +�0. The vertical

lines indicate the place of the actual border between Norway and Finland.
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to the three sampling areas (Norway, Finland, transition) and combining them with the

data obtained for microbial activity, i.e., CO,-evolution. The profiles of soil tempera-

ture are calculated to time spans for which active temperatures are present (temperature

ranges /�C), as shown in Fig. /. These time spans can be used to calculate potential

soil respiration for depths zonations. For this approach, only the upper soil horizon

(*�/ cm) is used, since soil respiration data are only available for this layer. Further,

these data are calculated for data on soil respiration per square meter taking into

account the local bulk density (cf. Bölter et al., ,**-a). It becomes evident, that the

most abundant temperatures in these soils are between / and +/�C (Fig. /).

The data on potential soil respiration per area for individual temperatures (Table

+b) are given per hour. They are multiplied with the related temperature spans for the

upper soil horizon (Fig. /) and thus yield the following data of CO,-evolution for the

time of temperature measurement (July 2�August ,2):

Fig. -. Relationship between bacterial number (TBN) and bacterial biomass (BBM)

in samples of the transects.

Fig. .. Soil respiration data (median values for sample groups) of sampling regions Finland, Transition

zone and Norway for incubation temperatures /�./�C.
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Finland (heavy grazed): +3.. g CO, m�,

Intermediate (medium grazed): -1.* g CO, m�,

Norway (low grazing): --.- g CO, m�,

These data give a rough estimate on total potential CO,-evolution in these regions.

Although these data need more specification by respecting moisture and contents of

available organic matter, they show an important feature of soil microbial activity under

these di#erent management systems.

Table +. Properties of soil samples, soil respiration and plant cover of the regions

Norway, Transition and Finland.
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a) Soil properties (dB: bulk density, LOI: loss on ignition at 540°C, TBN: total number of bacteria, 
BBM: bacterial biomass, MCV: mean bacterial cell volume, TBS: total bacterial surface) 

dB LOI TBN BBM MCV TBS 
gcm-3 %d.wt. n 1012 m·2 gw.wt. m·2 

µm3 cm2 g-1 

I median 1.23 47.60 24.70 0.51 0.017 0.052 
Norway�- min 1.00 14.30 4.59 0.06 0.012 0.046 

max 1.50 89.10 98.56 2.59 0.030 0.061 

I median 1.22 42.60 18.08 0.43 0.021 0.055 
Transition I min 1.11 5.10 8.66 0.15 0.009 0.043 

I max 1.34 80.90 56.59 1.07 0.028 0.060 

I median 1.26 51.20 23.04 0.41 0.017 0.052 
Finland I min 0.94 10.90 6.64 0.08 0.012 0.046 

I max 1.45 78.50 73.90 1.22 0.023 0.056 

b) Soil resoiration at different temoerature steos 
g C02 m·2h·1 

5 °C 15 °C 25 °C 35 °C 
I median 0.026 0.039 0.099 0.155 

Norway I min 0.003 0.009 0.022 0.031 
I max 0.203 0.215 0.256 0.286 

I median 0.027 0.051 0.094 0.154 
Transition I min 0.006 0.011 0.043 0.023 

I max 0.155 0.181 0.284 0.297 

I median 0.036 0.021 0.064 0.128 
Finland I min 0.013 0.008 0.022 0.016 

I max 0.221 0.279 0.357 0.273 

c) Plant cover of herbs and lichens and barren soil 
% 

Herbs Lichens Barren 
median 7.5 91.6 0.0 

Norway mean 15.8 82.5 1.7 
min 0.0 0.0 0.0 
max 95.3 100.0 57.2 

median 11.8 81.7 0.0 
Transition mean 12.1 70.1 17.8 

min 0.0 5.3 0.0 
max 30.6 100.0 89.5 

median 13.3 69.0 0.0 
Finland mean 20.8 64.5 14.7 

min 0.0 4.3 0.0 
max 59.0 100.0 94.3 
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.. Discussion

Habitat fragmentation and concomitant loss of natural environments in the Arctic

are results of several often interrelated factors. As such, commercial logging, overgraz-

ing, foreign species introduction, natural resource extraction, pollution, and other

anthropological e#ects contribute to reductions and significant changes in habitats of

Arctic regions. These factors combine with long term changes in features such as

climate warming and precipitation, condition of permafrost, and thus show impacts on

vegetation and soils, and may have wide impacts on regional ecosystem health (Bölter,

+330; Stonehouse, +333).

The cumulative ecological impacts now taking place in the Arctic are cause for

much concern. Habitat loss has far-reaching ramifications. Anthropological e#ects

need special attention, such as road building, forestry, hydroelectric power, and increas-

ing summer and winter tourism (Müller-Wille, +321; Forbes et al., ,**., ,**0).

Weather and snow conditions, e.g., the number of warm days during winter T�*�C, and

summer conditions show strong e#ects on local reindeer production (Kumpula and

Colpaert, ,**-). Both, the increasing atmospheric nitrogen deposition and the in-

creased grazing pressure lead to changes in northern plant communities (Van der Wal

et al., ,**-). The change of plant communities, especially the shift from lichen dom-

inated communities to higher plant communities, can also be mediated by climate

change e#ects. This is due to the di#erent growth rates of the plants and their ability

to be more successful competitors (Cornelissen et al., ,**+).

The di#erences in vegetation between grazed and non-grazed sites along the fence

in our study area are of concern for several ecological reasons. The loss of a dense

lichen cover cannot longer prevent from erosion of a thin layer of organic material.

Further, soils are strongly a#ected by changes in temperature and moisture (Peth and

Horn, ,**0; Uhlig and Zink, ,**0). During spring and autumn freeze-thaw cycles pose

further stress on the soil organisms, which may result in higher respiration rates (Larsen

et al., ,**,).

Moisture and temperature are the dominant factors, which set the frames of these

ecosystems (Kennedy, +33-; Bölter et al., ,**-b); soil water content is lower in the

northern landscapes because the soils have only low clay and silt contents and thus lower

field capacity. This also leads to higher transports of organic and inorganic matter by

water flows after spring melt and precipitation events. Hence, the recovery of areas

devoid of a dense lichen cover by higher plants can be significantly hampered by erosion

and sparse seed germination. Although the satellite photographs show a clear separa-

tion between the three sites in our study region (cf. Tabel +; Käyhkö and Pellikka, +33.;

Kumpula, ,**0), a recovery in vegetation and soil activity has taken place. The

intermediate region even exhibits high potential CO,-evolution (Table +), comparable to

those estimated for the Norwegian region. The lower values in Norway must be

attributed to less time of elevated temperature due to the isolating plant cover.

Relatively high amounts of organic matter in all three sites indicate that a change in

vegetation has occurred but that this did not significantly influence the content of total

organic matter (Table +).

It is known that reindeer grazing increases the proportion of graminoids in tundra
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heaths (Oksanen and Virtanen, +33/; Manseau et al., +330; Post and Klein, +330;

Olofsson et al., ,**+). But grazing a#ects not only the herbs and grasses on the ground

(grasses etc.) but also the woody plants, such as shrubs and even trees in their growth

and reproduction (Den Herder and Niemelä, ,**-). Further, grazing a#ects not only

above-ground but also below-ground processes, i.e., nutrient mineralization and organic

matter decomposition. In forest soils grazing reduces microbial respiration but miner-

alization increased, in tundra soils a strong spatial variation of respiration and mineral-

ization was monitored depending on local aspects (Stark, ,**,). In Finland, grazing

by mammalian herbivores has shown a decelerating e#ect on soil nutrient cycling and

reduced soil respiration on both fertilized and unfertilized areas (Stark and Grellmann,

,**,). Thus, our results which show a decrease in soil respiration and potential

mineralization underline this finding. Such feedback mechanisms between grazing and

plant nutrient availability as well as plant relations to productivity are also known from

other grazed ecosystems (McNaughton, +313; Chapin, +33+; Insam et al., +330). For

Finland, e#ects of grazing on vegetation and soil biota were shown by Stark et al.

(,***). Both, positive and negative e#ects of grazing on soil biota could be monitored.

An important aspect is the change of the near-bottom microclimate when the plant

cover is removed. Owen (+32*) hypothesized a mutual relation between grazers and

graminoids, which benefit from grazers. This can be of special importance for im-

poverished environments, which has been used as a support for a co-evolution theory.

However, this is in contradiction to the point, which has been made above, and thus may

not be valid for regions like vulnerable tundra systems.

On the other hand, well approved di#erentiation of this theory becomes necessary

when considering lichen dominated tundra systems: Väre et al. (+330) showed signifi-

cant changes in vegetation due to grazing e#ects. The lichen Cladina stellaris was

decreasing, while C. arbuscular and C. rangifera as well as the moss Dicranum sp.

showed benefits from grazing, shrubs also decreased. Further, grazing in nutrient-rich

Finnish tundra heaths was found to promote herbs and graminoids more than shrubs, on

nutrient-poor inland tundras, shrubs were in favour (Stark et al., ,**,). Stark (,**,)

found that in nutrient rich tundra ecosystem grazing causes shifts in the vegetation,

abundance of herbs and grasses increase in relation to dwarf shrubs. In nutrient poor

lichen heaths shrubs were favoured grazing fodder.

The increase in soil respiration in the transition area can be well a#ected by a

mixture of microbial activity and root respiration. Rooting will change soil conditions

by its chemical and physical properties. It could be shown by Chiariello and Gulmon

(+33+) that flowering plants increase flowering under grazing and Chapin (+32*)

supposed that tundra graminoids increase root production in order to have better access

to nutrients. Such changes by grazing also a#ects the community structure of vascular

plants, e.g., seedlings of pine, due to reduced lichen extracts which are known to prevent

the growth of mycorrhiza (Brown and Mikola, +31.).

Such e#ects on above-ground community patterns are followed by the below-

ground community. Although comparable studies are only available from forests and

grasslands, it was shown that forest soils have decreasing fungi occurrence inclusive

mycorrhiza and related feeding organisms, while bacterial communities increase (Bååth,

+32*; Pietikäinen and Fritze, +33/; Bååth et al., +33/). In our study, the greatest e#ect
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on bacterial numbers could be shown for the transition area (Table +). Bacterial

biomass, however, had its lowest level in the Finnish area. Fungi as well as soil algae

were observed only sporadically and did not seem to be evident for the microbial

communities in these soils, probably due to the very conditions during the summers ,**,
and ,**-.

Our data on soil respiration remain at fairly low levels (max *.+/ g CO, m�, h�+;

Table +) when compared to studies in birch forests, e.g., Rustad et al. (,**+) found *.2
mg CO, m�, h�+, and Maljanen et al. (,**-) describe +�+* g CO,-C m�, d�+ (�*.,�, g

CO, m�, h�+). Thus, our data compare more to those from mineral soils in southern

Finland, which range between *.*1 and *.0 g CO, m�, h�+ (Lohila et al., ,**-).

Heikkinen et al. (,**,) show a CO,-production at dry places (strings) on wet environ-

ments in spring between .* and .-. mg CO, m�, h�+, measured in N-Finland (near

Kaamanen). The low soil respiration data found in our study may also be a#ected by

long drought during the summer ,**-, and thus probably low levels of primary

production followed by low levels of freshly produced organic matter.

However, especially in environments like tundras where most plant biomass is

located below-ground, root respiration can have considerable share in this activity

measurement. Root respiration is calculated to be responsible for 3*� of total soil

respiration (Dugas et al., +333), +/�1*� (Norman et al., +33,), /*� (Hanson et al.,

+33-), and .*� (Kucera and Kirkham, +31+). This is a very broad range and shows

the great vagueness in calculating ratios between soil microbial carbon and related

C-loss.
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