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Abstract 
       This thesis deals with the dynamics of tundra living voles with emphasis on the most common one, the grey-
sided vole (Clethrionomys rufocanus). The tundra area chosen for the study was Finnmarksvidda, a vast flatland 
in northernmost Norway. All small mammal herbivores in the area showed dramatic fluctuations, and field 
experiment were conducted in order to elucidate these density fluctuations. The specific subjects addressed 
included: 1/ Temporal and spatial appearance of density fluctuations of voles and lemmings in the area, 2/ The 
generality of the density patterns observed, 3/ The impact of predation by vole predators during summertime, 4/ 
The impact of grey-sided vole grazing on food plants of different preference in a predator free environment, in the 
presence and absence of extra food, and 5/ The impact of food availability on density and demography of grey-
sided voles in a predator free environment. 
 The results achieved showed that voles in the slope and lowland had cyclic density fluctuations 
with 5 years duration. The cycles consisted of four phases: an increase phase, a peak phase, a decline phase 
and a crash phase. In the unproductive lowland and on the moderately productive slope, small pockets of 
productive habitats seemed to work as “triggers” for the cycles. The lemming fluctuations in the upper plateau 
(separated from the slope by a steep zone of boulders) differed markedly from the vole patterns in the lowland. 
Only two lemming peaks were recorded in twenty years. Both peaks had very short increase phases, a knife-
sharp peak phase and no decline phase before the crash. A comparison between our results and lemming and 
vole populations from two other areas in Fennoscandia revealed the same difference in fluctuation pattern 
between lemmings and voles as seen in our area. This results suggests that lemmings in barren tundra highlands 
and voles in slightly more productive tundra lowlands are regulated by different mechanisms. 

The exclusion of vole predators from vole populations during summertime led to increase in 
overall vole density. Densities of the clumsy field vole (Microtus agrestis) and juveniles of all species showed the 
strongest positive effects of the exclusion.  

An experiment analysing the effects of food availability was conducted in islands in a large lake 
where grey-sided voles were introduced to predator free islands . Supplemental food was given to the voles in 
two unproductive, and two productive islands. Two unproductive and two productive islands were used as 
reference islands. The density of voles and the vole weight were higher in both the islands with supplemental 
food and those with high natural productivity. Increased vole density did not significantly increase grazing damage 
to plants. The cyclic density pattern of the voles in the nearby mainland (that harboured resident vole specialist 
predators as stoat and weasel) showed little resemblance to the seasonal fluctuations found in the islands 
(devoid of resident vole specialist predators). This result suggested that predation by stoat and weasel on grey-
sided vole populations may cause the cyclic vole fluctuations seen in the area.  
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Population dynamics of tundra-living gray-sided voles  
 

Introduction 

 
General 

 
The ideal picture of nature is a world in harmony with stability as a key feature. The grocery 

stores sell ecologic milk, where the term ecologic is supposed to guarantee that the milk is 

produced under conditions that are good for us. This thesis focuses on a species that lives in a 

natural “ecological”  system, but without the cuddly, smooth-combed and stable parts. 

Density fluctuations in microtines (small and fast reproducing herbivores) are known from 

almost every place where microtines exist (Bodenheimer 1949 , Lambin et al. 2000, Krebs 

and Myers 1974, Oksanen and Oksanen 1992). In terms of the life of the animals, these 

population fluctuations mean that there are periods, when almost all animals die without 

leaving offspring, which hardly corresponds to any pink-clouded interpretation of the ‘balance 

of nature’  concept. On the other hand, these sustained fluctuations provide exciting avenues 

for the pursuit of real ecology – to understand the dynamics of the living nature as they are.    

The pronounced density fluctuations of voles and lemmings have been discussed 

intensively among biologists and their likes ever since the early 1920s (e. g. Elton 1924, 1942, 

Freeland 1974, Hanski and Turchin 2001, Krebs and Myers 1974, Norrdahl 1995, Oksanen 

and Oksanen 1992, Stenseth 1986). In the 1980’s, a seemingly clear spatial pattern was 

detected. The density fluctuations of small, herbivorous animals were found to be especially 

widespread and pronounced at high latitudes, while in the temperate zone, seasonal density 

fluctuations appeared to prevail (Erlinge et al.1983, Finerty 1984, Hanski et al. 1993,  

Hansson and Henttonen 1985, Hörnfeldt 1994, Krebs et al. 1992).  A closer look at the subject 

revealed new details but also confounding ones. The non-cyclicity of temperate vole 

populations turned out to be a rule with several exceptions (Jedrzejewski and Jedrzejewska 

1995, Lambin et al. 1998), and there seemed to be much variation in the regularity of the 

fluctuations of northern microtine populations (T. Oksanen 1990), which seem to be difficult 

to account for by any of the hypotheses attempting to explain the cycles. One way to approach 

the problem is to combine long-term descriptive studies with manipulative experiments. This 

is the approach pursued in the present thesis.  
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Predation 

 
For a long time, it was an almost unchallenged consensus among small mammal ecologists 

that predation can, at the maximum, deepen and lengthen the low phases of vole cycles, while  

other factors, such as social interactions (Krebs and Myers 1974) or acute food shortage 

(Myllymäki 1977), were needed to initiate the population declines. The idea that predation 

could both initiate and sustain the population decline phases of microtine cycles was 

discussed earlier but had become regarded as naïve and was only held by lay ecologists (e.g. 

Asko Kailusalo, pers. comm.) in the post-war decades. The revival of this idea as a part of a 

serious scientific debate happened in the late 1980’s and early 1990’s (Hanski et al. 1991, 

1993, Hentonen et al. 1987, Korpimäki et al. 1991, L. Oksanen 1990,) and was tied to the 

development of general ideas concerning the role of top-down population regulation in 

terrestrial ecosystems (Fretwell 1977, Oksanen et al. 1981, L. Oksanen 1990, T. Oksanen 

1990), to be referred to as the trophic interaction school.   

According to the trophic interaction school, the primary productivity of an 

ecosystem determines the dynamic length of the food chain. Consequently, productive 

ecosystems harbor three dynamically significant trophic levels (plants, herbivores and 

predators), and dominating trophic interaction is the regulation of herbivores by predators. 

Plants, in turn, are little influenced by herbivores and thus have no incentive to develop strong 

defensive mechanisms, either. For them, the dominating biotic interaction is resource 

competition with other plants. The dynamics of productive terrestrial ecosystems were thus 

proposed to conform to the hypothesis of Hairston et al. (1960), referred to as HSS. The line 

of demarcation between ecosystems productive enough to have HSS-dynamics was originally 

proposed to go within the low arctic zone – between the most productive scrubland habitats 

and the tundra proper (Oksanen et al. 1981). The revision of the hypothesis by T. Oksanen 

(1990) and T. Oksanen et al. (1992), with emphasis on ‘spillover predation’  generated by 

productive habitats, placed the line of demarcation to even higher latitudes and altitudes by 

proposing that predators retain their regulatory even in less productive habitats, provided that 

productive habitats are reasonably abundant in the landscape. According to the current ideas 

of the trophic interaction school (see also Oksanen and Oksanen 2000), it is thus obvious that 

HSS-dynamics with predation-controlled herbivores should prevail in large parts of the low 

arctic zone.    
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In the context of population regulation, it is essential to separate specialist 

predators from generalists. Generalist predation is supposed to stabilize vole density 

fluctuations – to shorten their period and to reduce their amplitude. If generalists are 

sufficiently abundant, the changes thus imposed are supposed to lead to seasonal, not cyclic 

density fluctuations (Erlinge 1983, Hanski et al. 1991, Hansson and Henttonen 1985, Klemola 

et al. 2000, Klemola et al. 2002, Korpimäki et al. 2002, Korpimäki and Norrdahl 1998, but see 

T. Oksanen et al 2001). The exclusive presence of specialist predation (particularly small 

mustelids with a delayed density dependence) is supposed to increase the amplitude and to 

lengthen the duration the cycles (Klemola et al. 2000, Klemola et al. 2002, Korpimäki et al. 

2002, Korpimäki and Norrdahl 1998). Indeed, the current advocates of the hypothesis that the 

microtine cycles are driven by specialist predators are aware of the problem provided by the 

fast (exponential) increase of vole populations, which no predators can match. This problem is 

solved by assuming that, at high population densities, the per capita growth rate of microtine 

populations is reduced because of social interactions (Kaneko et al. 1998, Löfgren 1995). 

During the periods of high densities and low per capita rates of population growth of voles 

thus created, predator populations – especially those of the relatively rapidly reproducing 

small mustelids - explode and reach a level where their impact suffices to initiate the decline 

phase of the voles. The predation hypothesis is thus inherently multifactorial and can be 

regarded as a specific application of Stenseth’s (1986) general idea that population cycles are 

generated by the interaction between stabilizing social interactions and destabilizing trophic 

interactions. The specialist predator hypothesis is by no means unanimously accepted. It has 

recently been criticized by Graham and Lambin (2002), and in more general terms by Oli 

(2003) which in turn has provoked a response from Korpimäki et al (in press). It is thus 

continuously question of a ‘storm’s eye’  in the ecological debate, to which it is motivating to 

contribute with one’s own research. 

 The top-down hypothesis leads to several predictions concerning changes in 

vole demography and the composition of the microtine guild during different phases of the 

cycle. Predators searching for prey will have greatest chances for success when encountering 

the slow, clumsy and large ones and when encountering inexperienced juveniles fighting 

aduls. Hence, clumsy prey species, pregnant females, juveniles and strictly territorial 

individuals will be taken first. In gray-sided voles, territories are defended by adult and/or 

sub-adult females, while males are more mobile, which should make females especially 

vulnerable to predation. Moreover, voles running for their lives are supposed to give priority 

to survival and future investment in reproduction, and growth. Consequently, an indirect 
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consequence of predation should be lowered foraging activity, low body weights, and failure 

of females to mature (Oksanen and Lundberg 1995, Ylönen 1989). Interspecifically, 

intensifying predation pressure should hit hardest the clumsy Microtus species, while the 

agile, climbing Clethrionomys species (C. glareaolus and C. rutilus) should survive best 

(Oksanen 1992), at least in woodlands. Gray-sided voles should have an intermediate rank on 

the predation tolerance axis. A further prediction of the predation hypothesis is that the 

exclusion of predators during a decline of microtine populations should lead to prompt 

recovery of microtine densities and to a reversal of the changes summarized above. 

 

Food limitation and microtine-plant interactions 

 
The other trophic interaction, which might account for cyclic dynamics, is the interaction 

between microtines and their food plants. The interaction could, in principle, take at least 

three quite different shapes. First, it could be question of a simple predator-prey interaction, 

with microtines as predators of plants. To my knowledge, this idea was first presented by 

Lack (1954) as an explanation for lemming cycles in the arctic. In the context of voles, this 

idea has been advocated e.g. by Myllymäki (1977) and Rosenzweig and Abramsky (1980). 

The conjecture of microtines acting as predators of plants create clear and testable predictions, 

e.g. concerning the shapes of microtine cycles. Most obviously, this hypothesis predicts that 

declines of microtine rodents should be accompanied by massive habitat destruction and that 

the declines could be stopped by supplemental feeding, if performed in relatively large spatial 

scale or on isolated islands that predators are unlikely to find. (Even if predators were not 

driving the cycles, they could conceivably wipe out small pockets of surviving voles while 

searching desperately for food.)  

In terms general theory, the hypothesis of herbivores as predators of plants belongs to the 

category of hypotheses emphasizing top-down population regulation and the importance of 

exploitive predator-prey interactions in nature. It just maintains that herbivores are in the role 

of top predators. Consequently, the only top-down interactions that really count are the 

interaction between herbivores and plants. Other conjectures emphasizing the role of resource 

limitation are derived from the bottom-up approach maintaining that herbivores are resource-

limited but do not have strong, quantitative impacts on the vegetation. Instead, they are 

limited by the low quality of vegetable food (Murdoch 1966, Strong 1992, White 1978). 

According to this view, the varying availability of food with sufficient quality to suffice for 
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maintenance, growth and reproduction of small herbivores accounts for the density 

fluctuations of voles and other small herbivores.  

Two entirely different mechanisms have been proposed as causes of the 

variation in plant quality. The hypothesis of inducible chemical defense (Haukioja and Hakala 

1975, Plesner Jensen and Doncaster 1999, Rhoades 1985, Seldal et al 1994) maintains that 

food quality deteriorates due to the responses of plants to herbivory, which can create either 

direct density dependence (if the physiological responses of plants are rapid), leading to stable 

equilbrium densities in herbibores) or delayed density dependence (if plants respond first after 

a substantial lag period), which can cause population cycles in herbivores. 

 According to the flowering pulse hypothesis of Kalela (1962, see also Tast and 

Kalela 1971), the quality of vegetative plant organs is always too low to support population 

growth of small herbivores, which are thus supposed to be dependent on the reproductive 

organs of plants. Moreover, Kalela hypothesizes that the production of high-quality plant 

organs is inevitably pulsatory at high latitudes, as plants are supposed to need several years of 

resource accumulation before they have enough resources for reproduction. According to this 

conjecture, the vole cycles of northern regions are thus basically similar to the masting-

triggered bank vole outbreaks of temperate forests (T. Oksanen et al. 2000, Secher Jensen 

1982). The ‘masting’  is just less obvious in the north. A variant of this conjecture has been 

proposed by Selås (1997), who claims that vole outbreaks are indirect rather than direct 

consequences of  ‘masting’ . In his opinion, ‘masting’  is associated by lowered levels of 

chemical defense, as northern plants supposedly do not have enough resources for both 

defense and reproduction.  

A shared prediction of bottom-up conjectures of vole cycles is that neither man-made nor 

natural barriers, influencing the movements of animals, should stop the cycles.  As the 

induction of plant defenses can only depend on past grazing in the same locality, cyclic 

declines due to time-delayed induction of plant defenses should always ensue a constant 

period after the rise. If high microtine densities are experimentally created during the low 

phase of the cycle e.g. by introducing microtines to previously microtine-free islands, these 

populations should crash earlier than mainland populations.  If, in turn, the cycles were driven 

by large-scale climatic events, triggering the flowering pulses of plants, it should not matter 

whether the microtine populations are fenced or not or whether they are on mainland or on 

islands, as climatic events are not stopped by fences or by a few kilometers of water. 

Introductions in the low phase should be no more successful on islands than on the mainland 
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and island and mainland population should fluctuate in phase with each other and with a 

similar amplitude.  

 

Aims of the thesis 

 

The main aim of my thesis is to describe and, if possible, explain the density fluctuation 

patterns of microtine populations living in a low productive tundra area by testing the 

predictions outlined above. My focal systems are populations of gray-sided voles, 

Clethrionomys rufocanus, living in the essentially low arctic tundra landscape of 

Finnmarksvidda, northernmost Norway – between the timberline and the altitudinal limit of 

willow scrublands. The choice of the area is natural. From its first beginning, the discussion 

of population cycles was connected to the arctic, and Finmarksvidda is the largest piece of 

tundra that exists in the accessible parts of Fennoscandia (west of the Russian border). The 

choice of the focal species was a straight-forward consequence of interspecific abundance 

relationships. Gray-sided voles are numerically so overwhelmingly dominating in this 

landscape that the regionally and interspecifically synchronous population cycles cannot be 

explained without understanding the fluctuation patterns of this species. Moreover, gray-sided 

voles have many Microtus like features and are thus with some justification regarded as the 

‘Microtus equivalents’  of the North Calotte (Turchin and Hanski 1997). Since the cycles are a 

guild-level phenomenon, I indeed pay some attention even to the Microtus voles, especially to 

the root vole (M. oeconomus), which prevails in productive willow thickets and seems to play 

an important role for the landscape-level dynamics in times of low over-all microtine 

densities. For the sake of comparison, even data concerning the dynamics of the Norwegian 

lemmings (Lemmus lemmus) in the highlands above the willow scrubland limit is included .  

 

The specific questions addressed are: 

 

 1) What are the shapes of time trajectories of microtine rodents, and are there essential 

differences between different species, different habitats and different landscape types? 

Those who intend to answer the question “what causes the vole fluctuations” must know the 

appearance of the fluctuations, the species specific density patterns in different phases of the 

cycles, and the habitat and regional relationships. These issues are addressed to in papers I 

and II. 
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2) How does the absence of resident predators, specialized on microtine rodents, influence the 

dynamics and demography of the voles? These issues are pivotal for paper (III) but are even 

addressed to in paper (V). 

 

3) Which mechanisms control the interactions between the gray-sided voles and their favored 

respectively less preferred winter food? Will these mechanisms change upon the addition of 

extra (artificial) food? Paper IV deals with these issues. 

 

4) How does food availability in a predator free environment influence the density, 

demography and fluctuation pattern of the gray-sided vole ? This issue is focal for paper V. 

 

While production and publication of papers is an essential part of the scientific endeavor, 

there is more than that to science. We should take the time and think about the bigger pictures, 

particularly when dealing with such complex and fuzzy topics as microtine fluctuations. 

Unfortunately, current science has to large extent deteriorated to ‘paper milling’  where 

publishing at a maximal rate has become the only goal to reach for. The limited space 

available for introductions gives little opportunities to explain why a given piece of research 

has been conducted in the first place, and the very short descriptions of study systems provide 

only limited clues to the biogeographic context of the study. Discussions could allow for more 

thorough considerations concerning the relation between a given piece of research and the 

general body of knowledge, but even in that context, the hostility towards ‘unwarranted 

speculations’  (i.e. presentations of such connections between the results and general theories, 

which are not directly supported by hard data) limits the use of this opportunity.  The 

summary part of a PhD dissertation provides a rare opportunity to put specific pieces of 

research together and to discuss their connections with general theories without facing strict 

space limits. This freedom from pragmatic boundaries constitute for me the most creative and 

playfull parts of science. I will do my best to take a maximal use of this opportunity. 
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Study area  

 

General 

  

All fieldwork was performed in the Finnmarksvidda area in northern Norway, close to the 

Joatkanjávri tundra lodge (69º45´N, 24º00´E) at 400 – 650 m. a .s. l. The area has been used 

for studies on plants, herbivores, predators and interactions between these since 1977 

(Ekerholm et al. 2001, Hambäck and Ekerholm 1997, Moen et al.1993b, Oksanen and Moen 

1994, Oksanen and Oksanen 1981, 1992,). The lower part of the Joatka area consists mainly 

of a barren plains, with a general altitude between 400 and 450 m.a.s.l, criss-crossed by creeks 

and dry ridges of glacio-fluvial origin, and dotted by lakes and mires (Oksanen and Virtanen 

1995, Figures 20 and 37). In the North the plains meet a steep escarpment slope, representing 

the edge of the over-thrusting plates of the Scandinavian mountain chain. On the lower parts 

of this south-facing slope and in the adjacent parts of the plains, tall herb meadows and herb-

rich willow thickets are exceptionally common, and even outposts of the subarctic birch forest 

occur. On the top of the slope, there is a steep cliff wall isolating the productive slope from a 

vast plateau. The characteristics of these different sub-areas are summarized below, along 

with references to the papers where they play a central role. 

 

The upper plateau (papers I and II) 

 

This part of the area (520 – 650 m. a. s. l.) is an entirely treeless, flat plateau with occasional 

gently sloping hills, with steeper north slopes, marking the edges of different over-thrust 

plates. The predominating vegetation consists of mossy dwarf shrub heaths, corresponding 

largely to the arctic Empetrum-Vaccinium type of  Oksanen and Virtanen (1995).  Dominating 

species are scrubs as dwarf-birch (Betula nana), crowberry (Empetrum nigrum ssp. 

hermaphroditum) and bilberry (Vaccinium myrtillus) (Grellman 2001). Mossy snow-beds are 

common on steeper slopes. Sedge-cottongrass mires constitute the only abundant, graminoid-

rich habitat, but since this habitat freezes in solid ice in wintertime, it can only be used as a 

summer habitat by rodents. Grass-and herb rich meadows, with the winter-green Deschampsia 

flexuosa and herbs like Viola biflora, Trollius europaeus, and Ranunculus acris occur as 

narrow strands along creeks and as small patches in sites influenced by seeping water. 

Winters on the upper plateau are windy and foggy but relatively mild, temperatures rarely 
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decreasing below –20oC (own, unpublished data). For wintering voles, the main problem here 

is the dense snow-pack along the ground and the lack of sub-nivean cavities (T. Oksanen, 

unpublished data). 

 

The  lowland (papers I and II) 

 

The lowland is a mainly barren and treeless area, with gentle topography. About 40% of the 

landscape is occupied by dwarf birch –lichen heaths, belonging to the Betula nana – Cladina 

type of Oksanen and Virtanen (1995, see their Fig. 20 for the general looks of the area). This 

habitat offers some resources for gray-sided voles. For lemmings, the mossy depressions 

created by frost-dependent ground movements, do offer some winter resources. The habitat is 

thus inhabitable but marginal for two species of microtine rodents. A large fraction (about 

20%) of the landscape is occupied by dry ridges, practically uninhabitable for rodents. About 

25% of the land consists of open bogs, most with permafrost-created hummocks (palsas). The 

more elevated parts of this habitat complex are suitable for gray-sided voles in all seasons, 

while lemmings can use the wet, graminoid-rich ‘ flarks’  as summer (see Ekerholm et al. 2001, 

Oksanen and Virtanen 1995,). Small pockets of moderately productive habitats, such as 

cloudberry bogs, bilberry heaths, dry meadows and willow mires occur in moister sites and 

along bog margins, and creeks are lined by willow scrublands. According to the line transects 

survey of Oksanen and Oksanen (1981), conducted in different parts of the lowland, 

productive and moderately productive habitats occupy about 15% of the landscape, while the 

fraction of the land covered by the most productive habitat category – willow scrublands – is 

just 1%. The abundance of alluvial willow thickets, which are the main habitat of the root 

vole (Microtus oeconomus) is so minimal that it could not be estimated by line transects. 

According to vegetation mapping in the initial main study area east of Lake Iešjávri (Oksanen 

and Oksanen 1981, Fig.1), the abundance of this habitat is about 0.2 % of the total lowland 

area. In spite of its apparent homogeneity, the lowland landscape can thus be regarded as 

extremely heterogeneous, when seen with the eyes of microtine rodents, with tiny hot spots 

and a bit larger patches of moderate habitat embedded in a sea of marginal habitats. The 

heterogeneity of the landscape is amplified in winter, when the flarks of the wetlands are 

frozen to solid ice.   

The general harshness of the lowland is amplified by its climate. The lowlands 

of Finnmarksvidda have by far the lowest winter temperatures and lowest amounts of snow 
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precipitation in the whole northern Fennoscandia (Oksanen and Virtanen 1995, Figs. 1 and 2,  

Tenow and Nilsson 1990). Thus the biting cold – the winter minima are normally below –

40oC – can relatively freely penetrate through the scanty snow cover down to the ground. 

Moreover, the snow-pack along the ground is almost as dense as on the upper plateau, and 

sub-nivean cavities are only found in willow scrublands (T. Oksanen, unpublished data.) 

 

The slope (papers I, II and III)  

 

The South facing escarpment slope arises from the lowland, and is moistened by numerous 

springs, giving rise to small creeks. Moreover, the bedrock is exceptionally nutrient-rich, as 

typical for the edge of the Scandinavian mountain chain. Consequently, the slope stands out 

as a bright red strand in satellite images, where it is only matched by the best agricultural 

lands and most productive forests down in the Alta River Valley (Oksanen and Virtanen 1995, 

Fig. 37). The ground truth responsible for the aberrant color of the Slope on the satellite 

image is exceptional abundance of  productive and moderately productive habitats, especially 

on the lower part of the slope, which consists of lush meadows and scrublands, and even 

outposts of subarctic birch forests, with an understory dominated by tall herbs, such as 

Trollius europaus, Geranium sylvaticum and Cicerbita alpina. Drier meadows, willow 

scrublands and bilberry heaths replace the wet meadows and luxuriant birch woodlands as the 

slope rises. The uppermost part of the slope is dominated by arctic-alpine heaths and snow-

beds. Thus, the slope encompasses the entire range of variation of primary productivities and 

snow conditions available in the area, though in very unusual quantitative relationships. The 

favorite winter food plant of gray-sided voles, the bilberry (Vaccinium myrtillus) abounds in 

moderately productive slope habitats, while the most luxuriant ones are suitable for Microtus 

species. 

For voles, the abundance of preferred winter food plants is not the only reason to 

make slope a favorable place to live. The slope also gathers enormous amounts of wind-

driven snow, which is dumped over the top cliff during periods of northern winds and trapped 

by the concave topography and the trees when the wind blows from the south. Consequently, 

even the birch trees are largely buried in the snow in wintertime. Besides making the branches 

of birch trees freely accessible for wintering voles, the copious amounts of snow must 

ameliorate the impacts of extreme colds on the ground level. Moreover, the rapidly 

accumulating snow and the shrubby habitat creates conditions favorable for the establishment 



16 

of sub-nivean cavities and contributes to keep the density of the snow near the ground much 

lower than typical for either the high plateau or the lowland (T. Oksanen, unpublished data).   

 

The lake islands (IV and V) 

 
The island study was conducted in islands in Lake Iešjávri (69º45´N, 24º30É) 380 m. a. s. l.  

The Lake Iešjávri, is a large (the main body of water 12 x 8 km, with several ‘ fjords’  

penetrating to various directions) but shallow (deepest point 15 m) fish-rich lake characterized 

by numerous North-South oriented ridges of glacifluvial origin. Most of these ridges are 

submerged, but those that rise above the water surface form either dome-shaped dry islands 

fringed with a wet, productive waterfront. In those spots, where a ridge barely reaches over 

the lake surface, small, wet, and lush islands are formed. Some few intermediate islands 

occur. The vegetation around the lake and in the larger (dome-shaped) islands is very much 

the same as in the lowland in the Joatka area. The smaller islands resemble the vegetation 

encountered on the bog margins along the base of the slope, with luxuriant stands of bilberry, 

cloudberry (Rubus chamaemorus) and dwarf birch, and even with willows and tall herbs in 

the most productive spots. Moreover, the productive islands with their shrubby vegetation trap 

the drifting snow and thus look like small mounds in winter (L. Oksanen, pers. comm.). The 

small, productive islands thus share even another important attribute of the slope: favorability 

of winter grazing conditions.  

 

Mammalian herbivores in the study area 

 
The study area is used for migration routes by reindeer (Rangifer tarandus). Thus reindeer are 

found in the area only during some few days in spring and during several months (late August 

to early December) in autumn and early winter. As the area is a shared migration route 

between winter pastures in the deep inland and summer pastures on several islands and 

peninsulas, the numbers of reindeer passing through the area are large and they have a strong 

impact on the lichen cover of the heaths. However, during the time when the area is grazed by 

reindeer, reindeer have shifted to their lichen-dominated winter diet. As voles do not eat 

lichens and prefer lichen-poor habitats, the impact of reindeer on rodents is probably non-

existing, in spite of the strong grazing pressure. Mountain hares (Lepus timidus) inhabit the 

southern birch covered slopes in low numbers, and they are seldom found outside the birch 

forests (Grellman 2001). The grazer guild is thus dominated by microtines and ungulates, as 
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typical for arctic areas, where a herbivorous animal must be either big enough to kick the 

snow away or small enough to tunnel under the snow in order to have chances to become 

abundant. 

As stated above, the microtine guild of the area is normally dominated by the gray-sided vole 

(Clethrionomys rufocanus), while the Norwegian lemming (Lemmus lemmus) can be 

occasionally abundant. The root vole (Microtus oeconomus) is a locally abundant but 

regionally rare habitat specialist. The field vole (Microtus agrestis) is here at its eastern limit 

of distribution on the North Calotte – present on the slope and even on the upper plateau, but 

absent from the lowlands, except for areas adjacent to the slope. The highly arboreal, birch 

forest dwelling red vole (Clethrionomys rutilus) is found primarily on the slope but even 

elsewhere – where ever there are patches of birch woodland in the tundra landscape. 

Surprisingly, several treeless islands of Lake Iešjávri harbored red voles before the onset of 

experimental work in 1978 (L. Oksanen and T. Oksanen, unpublished data), but all these 

populations disappeared after introductions of gray-sided voles. These observations indicate 

that red voles can thrive even on the tundra, if gray-sided voles are not present (as indicated 

by the occurrence of red voles on the North American tundra and the island of Sørøya 

northern Norway, where gray-sided voles are absent, see Burt and Grossenheider 1964).    

 

Vole predators in the study area 

 
The vole eating predators in the Joatka area have been studied since 1986 (Aunapuu 1998, 

Aunapuu and Oksanen MS, Oksanen and Oksanen 1992, Oksanen et al. 1999). Stoat (Mustela 

erminea) and weasel (Mustela nivalis) permanently inhabited the slope, and they were almost 

yearly to be found in the lowland as well. These two specis are by far the most numerous 

predators of the study area. Red foxes (Vulpes vulpes) were seen hunting in the slopes in 

spring 1993, and it was later an uncommon but regular visitor to the area during spring (see 

Oksanen et al. 1997). Mink (Mustela vison) invaded the area in late 1980’s and was for a short 

period (1990-91) the most numerous predator of the study area and a major nuisance on live-

trapping grids (T. Oksanen et al. 1999). Since then, its numbers have declined and only a few 

individuals resided in the study area in the mid-1990’s. Arctic fox (Alopex lagopus), lynx 

(Lynx lynx) and wolverine (Gulo gulo) sometimes crossed the area but no cases of breeding 

were verified. The only avian predator specialized on voles and annually breeding in the area, 

was the rough-legged buzzard (Buteo lagopus), that bred in low numbers in the slope during 

all years of field work, its breeding being strongly concentrated to the slope (Oksanen et al. 
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1997, 1999). They hunted even on the lowland but were only seen as transients on the 

highland plateau (Oksanen et al. 1999). Even 1-2 pairs of merlins (Falco columbarius) were 

breeding on the slope. Although regarded as predators of passerine birds, merlins had a vole-

dominated diet in years with high vole numbers (M. Aunapuu, unpublished data). Northern 

hawk-owl (Surnia ulula), short-eared owl (Asio flammeus) and Snowy owls (Nyctea 

scandiaca) were occasionally seen in the area but, surprisingly, they did not breed here during 

the years of 1989 - 1996. The latest year when they have bred in substantial numbers within 

the area was 1984 (Oksanen and Oksanen 1992).  The long-tailed skua (Stercorarius 

longicaudus) bred in relatively low numbers (< 1 pair per 3 km2) in the whole area during 

vole and lemming-peaks, and nomadic flocks of sub-adults were seen during early autumn. It 

is ,however, questionable if this bird really behaves as a vole and lemming specialist in the 

area as avian items, insects and even berries have been dominating components of the prey 

remains recovered from its nesting sites (M. Aunapuu, unpublished data, Grellman 2001).  

The mammalian predators around the lake and in the islands of lake Iešjávri 

were not well studied, but very much the same species as seen in Joatka occured here. An 

arctic fox left faeces and a bite-mark on a plastic food-box in the winter 1993, but no other 

four-feeted predator was ever recorded on the research islands during the study period here 

(1990 – 1995). Avian predators occurred but in low numbers. Ravens (Corvus corax) and 

greater black-backed gulls (Larus marinus) were occasionally seen hunting for voles in the 

islands during summer (Maano Aunapuu pers. comm.). Rough-legged buzzard bred in low 

density near the North-East shore of the lake, long-tailed skuas occasionally scanned the lake 

for food, and short-eared owls were sometimes seen close to the lake. 

 

 

Material and methods 

 

The gray-sided vole 

 

The gray-sided vole (Clethrionomys rufocanus (Sund.)) is a North Paleo-arctic vole species, 

found from the western part of the Scandinavian peninsula to North-East Siberia and 

Hokkaido (Kaneko et al. 1998.). It is usually found in bogs and boreal coniferous forests in 

the northern parts of the taiga zone, extending to the fringes of the tundra. In Fennoscandia, 

where collared lemmings (Dicrostonyx spp.) are absent, gray-sided voles are found even in 
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more extreme arctic-alpine habitats. Still, the species reaches its highest abundance in the 

subarctic forests and in somewhat shrubby low arctic habitats close to the timberline. As 

compared to other Clethrionomys species, the gray-sided vole is a rather clumsy vole that digs 

burrows in peat-rich habitats. On the other hand, gray-sided voles are physically stronger than 

their congeners and thus dominate in aggressive interactions with other congeners (Henttonen 

et al. 1977). Gray-sided voles use bilberry shoots during winter (Kalela 1957) and appears to 

be better able to survive on low-quality forage than other Clethrionomys species (Moen et al. 

1993a). Based on fur-color and behavior the voles can be classified into four different age 

classes (Viitala 1977). Juveniles have dark dull pelage, seldom weigh more than 15 g and live 

in the vicinity of their mother. The post-juveniles are lighter by color with “striped”  hairs (i.e. 

the shiny cover hairs have started to grow) and usually weigh 15-25 g and. The dull juvenile 

pelage is still visible on the back or at least in the neck. The characteristic reddish back of the 

species develops at this stage. Post-juveniles are more mobile than the juveniles. The pre-

adults have an entirely light and shiny pelage with red back and light gray flanks. At this 

stage, the voles are normally mature and behave very much like the adults, except for 

individuals, which have been born in later summer. These prepare for wintering and do not 

normally mature. Body weights normally range from 25 to 35 g.  The adults, finally, have 

over-wintered, and have whitish (or rather transparent) hair tips (Viitala 1977).  A vast 

majority of the non-pregnant pre-adults and adults weigh 30 – 40 g. Occasionally voles reach 

more than two winters of age and weigh more than 50g.  

Environmental keys to the success of the gray-sided vole seem to include the 

presence of various plants leading to an opportunistic choice of summer diet, presence of 

convenient soil for digging of burrows and presence of bilberry shoot food during winter time. 

As all voles, gray-sided voles are subject to interspecific interference competition, where size 

is decisively important for the outcome (Henttonen et al 1977). In these interactions, the 

bigger (and stronger) Microtus species (the root vole, and the field vole) have an advantage 

(Viitala 1977). However, their dependency on graminoid-rich habitats excludes them from the 

vast majority of the tundra habitats, where graminoids are either rare or freeze in solid ice in 

wintertime. The big and strong Norwegian lemming, in turn seem to be limited by other 

factors (e.g. predation, see T. Oksanen 1993) and rarely reach high densities in subarctic and 

low arctic landscapes. In the lower part of the study area, the competition by other microtines 

seems thus to be restricted to vole peaks and to the most productive meadow and scrubland 

habitats (Henttonen et al. 1977). 
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Methods 

 

Two methods of vole trapping were used in this study: snap-trapping (I and II) and live-

trapping (III, IV and V). The snap-traps used were galvanized, and covered either 10x5 cm or 

20x10cm. They were baited with Finnish rye-bred. The traps were spread out in a 15x15 m 

quadrate, using the Small Quadrate Method (Myllymäki et al. 1971). Twelve traps (six large 

and six small ones) were used in each quadrate and three traps were placed in each corner, 

none of them further away than 150 cm from the corner-sticks of the quadrate  (Fig. 1). The 

traps were spaced out, baited and triggered on day one, checked on day two and checked 

again on day three. This procedure was repeated twice a year, spring and autumn. To 

harmonize the trapping independently of the year-to-year variations in climate, we used 

phenological data for the timing of the trapping. Thus spring was defined as the time when at 

least 80 % of the ground was snow-free but before the bud-break of the dwarf birches. 

Autumn was defined as the time when the autumn colors of the vegetation were fully 

developed. To economize the trapping efforts, stratified sampling was used (Ekerholm et al. 

2001). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. A snap-trapping quadrate. The distance from corner to corner is 15 m. The shaded area 
denotes the maximum distance from the trap to the corner (1.5 m). Three traps were placed at 
each corner. 
 
 
 
 

3m___ 
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  The live-traps used were Ugglan Special multiple capture live-traps, either of 

the slim-flipper-narrow-entrance-opening-type (IV and V) or the broad-flipper-broad-

opening-type (III). The traps were spaced out in grid-nets (10x10m) with one trap at each 

corner, and each trap was placed not more than 0.5 m away from each corner-stick (Fig. 2 and 

3). The traps were left on the trap-sites all year round but were open between the trapping 

periods. Trapping took place twice a year, spring and autumn. At each trapping occasion the 

live traps operated during 96 hours (III) or 48 hours (IV and V), and they were controlled 

every 8th hour, with a time of 4-8 hours closing before the first trap-round.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. A live trapping quadrate . The distance from corner to corner is 10 m. The shaded area 
denotes the maximum distance from the trap to the corner (0.5 m). One trap was placed at 
each corner. 
 
 
 
 

Large plastic-boxes (66 L) were used for supplying voles with additional food in 

the form of crushed oat (IV and V). The boxes were spread in 20 x 20 m grid-nets on the large 

islands, but in the small ones no such grid-nets could be established (Fig. 3). Every box had 4 

entrances in order to prevent single voles from monopolizing the food resource (Fig. 4). 
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Fig 3/ The live-trap grid and the placement of the food-boxes (triangles) in the small 
Doctasuelo island. The distance between the food-boxes was 20 m. Each dot denotes a live-
trap. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. The food-boxes (66L, 55x25x48cm) with four entrances (one in each direction) that 
were used for the supply of extra food in the form of oat. The entrances (plastic pipes) were 
placed about 10 cm above the bottom of the box in order to prevent flooding during heavy 
rain and snowmelt. 
 

20m__ 
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Results and discussion 

 

Lemming and vole dynamics between 1977 and 1996 (I and II) 

 

In the lower study area (slope and lowland) the microtine community was strongly dominated 

by a cyclic population of gray-sided vole. The cycles were characterized by gradual increase 

phases, gradual decline phases, short peak phases and long phases of low vole density. The 

overall vole density patterns very much resembled the gray-sided vole pattern, which was not 

surprising, as the gray-sided vole was by far the most common species. The overall density 

pattern of the gray-sided vole (Fig. 5) was analyzed by spectral analyses and the cycle was 

found to have a period of 5 years and a clear, seasonal component. A detailed analysis of the 

voles in the lowland in the lowland (and the slope) showed that the gray-sided vole densities 

in each of all three different habitat categories (which differed with respect to plant 

productivity) showed a cyclic pattern. However, the different habitat categories differed with 

respect to vole density and seasonal variation during the different phases of the cycles. The 

most productive habitats seemed to “ trigger”  the vole-peaks in 1978 and 1983, while the vole-

peaks of 1987 and 1992 were “ triggered”  by the moderately productive habitats.  
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Fig. 5. The density fluctuations of the gray-sided vole in terms of no. of voles trapped per 100 
nights in all lowland habitats combined between 1977 and 1996. A denotes autumn. 
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A comparison between the two (on habitat level) numerically most common vole species – 

the gray-sided vole and the root vole - in their favorite habitats (cloudberry bogs and alluvial 

thickets, respectively) showed few similarities but simultaneously suggested that the 

somewhat anomalous dynamics shown in these habitats might be crucial for the survival of 

predators, as the late crashes of gray-sided voles in cloudberry bogs and the early rises of root 

voles in alluvial thickets ‘bridged’  the otherwise rather long periods of low vole numbers, so 

that the periods with very low vole numbers in all habitats were actually short. Moreover, the 

local rise-crash dynamics of root voles during the low periods suggest that there was nothing 

wrong with the quality of these voles during crash periods (contrary to the claims of Boonstra 

et al. 1998). As soon as the external causes, responsible for the crash, were relaxed, root voles 

could start increasing at full speed in all seasons.  

The dome-shaped vole cycle pattern obtained in the lowland, and the result of 

the autoregressions indicated that voles here were regulated by a time-delayed factor with a 

time lag of about half a year (i. e. the interval between two successive trapping periods). This 

pattern was pronounced in the most productive habitats. However, in the moderately 

productive and barren habitats even other statistically significant time delays were detected, 

indicating that both predation and time-delayed food limitation, crated by interactions 

between voles and slowly recovering by perennial plants, might be important for the 

regulation of vole numbers in the less productive lowland habitats.  

The only microtine occasionally found in large numbers in the upper plateau 

was the Norwegian lemming. Two lemming outbreaks (1978 and 1988) were recorded there 

they both were results of rapid population growth during a very short time. The Fourier 

analysis showed no clear pattern, and the S-plus tests revealed nothing that differed from the 

white noise null hypothesis concerning the lemming density dynamics of the upper plateau. 

The lemming dynamics in the highland showed very little resemblance with the vole 

dynamics in the lowland. However, the lemming pattern was consistent with the idea of 

cycles being generated by predator-prey interactions, assuming that the lemmings act as 

predators and the plants as prey (Oksanen 1981, 1990 and Turchin et al. 2000). The observed 

emigration of lemmings from the highland during outbreaks, the devastated plant community 

left behind (Moen et al. 1993b, Oksanen and Oksanen 1981), the dead lemmings littering the 

tundra after the crashes (Oksanen and Oksanen 1981, Oksanen et al. 1997) and the absence of 

permanent predators in the highland corroborate well with the hypothesis of lemmings as 

predators in a two-link trophic interaction (Oksanen et al. 1981).  
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In order to investigate if the difference between the lemming dynamics in the 

highland and the vole dynamics in the lowland, was characteristic for our study area only, or 

if it was applicable also to other regions, we compared the present results with two more 

Fennoscandian vole and lemming populations. All vole and lemming populations included 

represented areas where trapping for microtines had been carried out consistently twice a year 

during at least twenty years (II). The results of the comparisons showed that the same 

differences in fluctuations between lemmings and voles also occurred in the other areas. In all 

three areas the vole fluctuations showed dome shaped patterns with gradual increase-phases, 

blunt top-phases and gradual decrease phases. Such a numerical fluctuation should be 

expected if the vole population cycles were driven by interactions with predators. Conversely, 

the top phases of lemming fluctuations were knife-sharp, and their decrease phases were 

abrupt, suggesting that the lemming fluctuations were a consequence of interactions between 

lemmings and their food plants.  

Besides corroborating the predation hypothesis, (Turchin and Hanski 2001), the 

dome shaped vole peaks suggest that social factors such as inter and intra-specific competition 

for food patches act as dampers of population growth (Lövgren 1995), which is an essential 

ingredient of all limit cycle models with voles as prey (Hanski et al. 1991, 2001, Klemola et 

al. 2002, L. Oksanen 1990, Stenseth 1986), and that also migration (Gundersen et al. 2002) 

plays a role for the regulation of vole populations.  

 

Impact of excluding mammalian predators during 1991-95  (III) 

 

To test whether predation by mammalian predators accounts for the dome-shaped vole cycles 

at lower altitudes we fenced off a two hectare large area with a 2-3 tall mink net fence with a 

shingled top. This experiment was performed on the slope, where maximally productive 

habitats abound and where specialized mammalian predators thus should be driving the 

cycles, according to the theoretical ideas underlying the project (Oksanen et al. 1981, L. 

Oksanen 1990, T. Oksanen 1990) and according to our interpretation of the patterns displayed 

by the long-term descriptive data (papers I and II). Simultaneously, the slope offered the 

entire range of habitat variation found in the area, including even maximally unproductive 

habitats. Consequently, the ‘Krebs effect’  or ‘ fence effect’  (Krebs et al. 1969, but see Ostfeld 

1994), i.e. the trapping of voles within a patch of especially favorable habitat, could not 

possibly account for eventual responses of voles to fencing. As the densities of avian 
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predators in the area are very low, we predicted that the exclusion of predatory mammals 

should prevent declines and result to an extended peak phase or to a violent outbreak, 

followed by total destruction of the vegetation. Moreover, the exclusion of predators was 

predicted to be especially favorable for the clumsiest species – the field vole – and for 

reproducing females and inexperienced juveniles. The fenced area was initially inhabited by 

all four vole species normally found in the area. The study begun in 1988–1991 (with only 

one reference area), and was run properly between 1991 and 1995. Our intention was to create 

a long-term exclosure, but in reality, the fences did not stand the impacts of snow-melts, and 

were also frequently over-snowed in winter. Thus, the fenced off area was inaccessible to 

mammalian predators only during late summer, i.e. from the completion of the repair work in 

late July to the last trapping rounds in early September.  

In 1991, during the increase of the vole populations there were no significant or 

even tentative differences between vole densities in the exclosure and those in the reference 

areas, neither on the guild level nor on the level of individual species or functional categories. 

In the peak of autumn 1992, vole density inside the fence was significantly but not 

dramatically higher than on the controls. During the autumns of the gradual decline (1993 – 

1995), the difference in total vole density between the exclosure and the controls became 

more than two-fold. The field vole, which was on a priori grounds regarded as especially 

predation-sensitive (above, see also , Hanski and Henttonen 1996, Klemola et al 1997, 

Klemola et al. 2000, Klemola et al 2002,  Korpimäki and Norrdahl 1998,  and Korpimäki et al 

2001), showed the strongest increase inside the exclosure. Moreover, the difference in density 

between the exclosure and the reference areas was particularly pronounced for females and 

for young voles, as predicted on a priori grounds (above, see also Klemola et al.1997).  

In spite of the differences between study systems, our results were thus entirely 

consistent with those obtained in similar experiments, conducted on the agricultural plains of 

west-central Finland  (Klemola et al 1997, Klemola et al. 2000, Klemola et al 2002, 

Korpimäki and Norrdahl 1998, and Korpimäki et al 2001), where predator removal has led to 

increasing vole densities, retardation of crash and decline phases and increased fecundity of 

territorial females. In Kielder Forest, (northern England) Graham and Lambin (2002) 

conducted another predator removal experiment on cyclic voles (see also Oli 2003). Also here 

the field vole (Microtus agrestis) populations were exhibiting dome-shaped cycles, indicating 

limitation by predators, but with relatively low amplitude. In Kielder forest, the removal of 

weasels did not alter any of the phases in the vole cycles, and the cyclic patterns were similar 

in both reference and experimental plots, although the winter survival of voles increased in 
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the absence of the weasels. The results seem to contradict those obtained in western Finland 

and in our study. However, it is debatable whether the approach of removing only weasels 

could ever work in the area (Korpimäki et al., MS). Even in our experiment, conducted in an 

area where densities of predators other than stoats and weasels are exceptionally low (L. 

Oksanen et al. 1997, T. Oksanen et al. 1999), we fenced off all mammalian predators. 

(Removal of only stoats and weasels had been an open invitation for the competing predators 

- foxes and mink - to remove the prey surplus.) In Korpimäki’s study area, it turned out to be 

essential to manipulate even avian predators in order to influence vole dynamics (Korpimäki 

and Norrdahl 1998). This should be even more essential in Kielder, where both avian 

predators (especially tawny owls, Strix aluco) and larger mammalian ones (especially red 

foxes, Vulpes vulpes) abound (Lambin et al. 2000). In short, the design of the experiment of 

Graham and Lambin (2002) was the design of an experiment on interspecific competition 

between predators, and the results seem uninstructive in the context of the impact of predation 

on cyclic vole populations. 

 Although different kinds of cycles may be driven by different mechanisms (see 

papers I and II), the results gained so far from adequately designed predator removal studies 

suggest that mammalian specialist predators are the triggers of the vole cycles, at least in the 

context of the high amplitude boreal and low arctic cycles, characterized by dome-shaped 

time trajectories of voles and low minimum vole densities. 

 

 

The island experiment 1991-1995 (IV and V) 

 

A natural and not uncommon method to test food relatated conjectures of microtine cycles is 

to add supplemental food (see Introduction). However, experiments of this kind face similar 

logical problems as experiments where the importance of weasels is studied by removing 

weasels only (see above). Even induced defenses or flowering cycles in plants were causing 

the landscape level declines of vole populations, all kinds of predators are there, and their 

reaction to a patch of unusually high vole densities is predictable. Manipulations of putative 

causes of vole declines must thus be combined by control of collective densities of all 

predators. This approach is logically unproblematic if we have controls where predators are 

similarly excluded. With this approach, the study can also be combined to a study of impact 

of predator by having open-access reference areas.  
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My response to these challenges was to perform a food supplementation experiment on tundra 

living gray-sided voles during the entire length of the vole cycle (4-5 years) on islands, 

relatively inaccessible for mammalian predators and too small for breeding avian predators. 

As the islands differed vastly from each other with respect to productivity (above), a partially 

factorial design (with both productive and unproductive food and control islands and 

mainland reference areas) could be applied.  

In addition to studying the impact of food supplementation on vole dynamics, 

the experiment also had the following two goals:  

1) To study how and when voles affect plants in a predator free environment. Does addition of 

high quality food (crushed oat) alter the grazing damage ? 

2) To study whether (and when) addition of a high quality food indirectly affects the grazing 

pressure on less preferred plants (i. e. to study apparent competition between 

real and simulated plants (feeding automatons) with gray-sided voles as 

mediators). 

As expected, and according to earlier similar studies (e. g. Boutin 1990), vole densities 

correlated positively with availability of food, whether natural or artificial.  The weights of 

the voles also increased on all islands with supplemental food. When naturally productive 

islands were compared with less productive ones, the vole weight was higher in the 

productive islands during autumns. Winter survival rates were low on all islands, independent 

of treatment or productivity status. Thus differences in vole density between the islands 

originated from the reproductive period. No differences in home range size was detected. 

However, previous research indicates that the sizes of reproductive territories of 

Clethrionomys species vary in inverse relation to amount of forage in the habitats (Ims 1987, 

Prevot-Julliard et al. 1999), and such variation would also provide a plausible explanation for 

the higher vole densities created on islands with high densities of natural or artificial forage. I 

thus regard it as likely that methodological problems (shortness of the trapping period, 

linearity of the best vole habitats) account to our failure to detect resource-related differences 

in sizes of vole home ranges (or territories). 

During the study period the gray-sided voles in the nearby mainland passed 

through a cycle with all four phases. The seasonal vole density patterns observed in the study 

islands differed distinctly from the cyclic density pattern in the nearby mainland. The one 

island, where the vole population crashed, experienced a level of habitat destruction never 

even approached on the mainland. The consumption of supplemental food by voles was 

strongly linked to vole density (Fig 6), while the winter plant shoot mortality of the most 
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preferred winter food (bilberry) was not. No significant effects (direct or delayed) of bilberry 

shoot mortality on vole winter mortality were detected. The increased numbers of voles on 

islands with extra food were assumed to lead to an increased consumption of less preferred 

food plants but this was not observed. Earlier studies (Moen 1990, Moen et al.1993) have 

shown that voles seldom are limited by shortage of food during summer. The grazing pressure 

during summer was low in spite of high densities of voles.  
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Fig. 6. The oat consumption in relation to density of gray-sided vole. Every data-point denotes 
an island. The oat consumption is expressed as a mean per food-box per island over the total 
study period (5 years, 1991-1995) . The error bars denote standard deviation. 
 

Bilberry is the gray-sided voles favorite food plant in winter (Moen 1990, Moen 

et al 1993). Hence, the theory of optimal foraging (Krebs and Davies 1986) predicts that it 

will be eaten in large amounts also at relatively low vole densities, while consumption of less 

preferred food types starts first when bilberry densities have been depressed below a threshold 

level. In this respect, our results conformed to a priori expectations.  Indirect effects of 

grazing on less preferred food plants were expected with the addition of extra food, as the 

crushed oat was supposed to lead to a numerical increase of grazers. However, the voles in the 

islands with supplemental food and few bilberry shoots available seemed to chose the 

supplemental food rather than the less preferred winter food plants as very few indirect 

grazing effects were observed.  

The results obtained concerning vole density and vole weight agree with earlier studies with 

supplemental food given to voles in both predator and predator free environments (Boutin 

1990, Desy and Batzli 1989, Desy and Thompson 1983, Ford and Pitelka 1984, Löfgren et al 
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1996 and Taitt and Krebs 1981). Extra food seemed to increase population densities (though 

the impact of extra food on mean autumnal densities only approached statistical significance) 

but did not cause any clear and consistent changes in the temporal pattern of population 

fluctuations. In this respect, the main contrast was still between islands and mainland 

reference areas. Consequently, the results were at variance with the predictions of all versions 

of the plant defense hypothesis (Haukioja and Hakala 1975, Plesner Jensen and Doncaster 

1999, Rhoades 1985, Seldal et al. 1994,), predicting that cyclic declines are automatically 

triggered by local reactions of plants to past grazing, and with all versions of the masting 

hypothesis (Kalela 1962, Selås 1997, Tast and Kalela 1971,), predicting that cycles are caused 

by climatically triggered rhythms in plants, which should be synchronous over the entire area.  

 

Conclusions 

 
This is not a study of predation or predators but of a prey species. Thus the results gained here 

will at most be indirect, but all results in this thesis point in the same direction emphasizing 

that the dynamics of gray-sided vole on the tundra of Finnmarksvidda may be related to 

interactions with small mustelids. Field voles may act as mediators of interactions between 

small mustelids and gray-sided voles, and food quantity (and/or quality) may act as 

“moderator”  of the density patterns achieved. 

In broad terms, the cycles in the populations of gray-sided voles inhabiting the 

lowlands plains of  Finnmarksvidda have the shape of a predation-driven population cycles, 

and dynamics change in response to artificial and natural barriers (fences, water/ice) as 

predicted for predation driven dynamics (papers III and V). Even the less conspicuous 

barriers, provided by large expanses of barren tundra, have a clear impact on population 

dynamics of gray-sided voles. Cyclic dynamics are most pronounced within large areas of 

productive and moderately productive habitats, whereas within smaller patches of favorable 

habitat (cloudberry bog), declines are delayed and comparatively weak (paper I, T. Oksanen 

1999). Moreover, when the habitat preferences of predators break down in the final phases of 

the crash (T. Oksanen et al. 1992a), root voles in the most productive thickets promptly 

respond by local increases, initiating the kind of search-hit-and-destroy dynamics that seem to 

characterize the end of the low phase (paper I). Rather similar over-all dynamics could be 

generated by pathogen-vole interactions, too. However, the rapid responses of voles to short-

term fencing (paper III) and the rapid, local recoveries of root voles during the crash phases 
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(paper I) are easier to reconcile with the predation hypothesis than with hypotheses 

emphasizing the role of pathogens. 

As compared to the predictions that the over-all project was initiated to test 

(Oksanen et al. 1981, L. Oksanen 1990), the role of predation seemed even more pronounced 

than predicted. Contrary to the predictions of the hypothesis, no treatment x productivity 

interaction was detected in the island experiment (paper V). Voles thus seemed to respond 

equally strongly to the ‘ island factor’  regardless to whether the habitat was dry and 

unproductive or wet and productive, and the proportional response (measured by 

logarithmically transformed data) to food supplementation was no stronger on dry 

unproductive islands than on wet and productive ones. The only indication of resource-

limitation of gray-sided voles living on the dry, unproductive heaths of the low-altitude plains 

of Finnmarksvidda consisted of the complex lag structure, detected in these populations 

(paper I). While resource shortage thus seems to play some role for gray-sided voles 

inhabiting the prevailing, dry heathlands, and winter herbivory by voles plays quite significant 

for the heathland vegetation (Oksanen and Moen 1994, Oksanen and Oksanen 1981,) the main 

theme still seems to be regulation of voles by specialized, natural enemies even in these 

habitats. This supports the arguments of T. Oksanen (1990) and T. Oksanen et al. (1992b) that 

a moderate abundance of productive habitats suffices to create enough ‘spillover predation’  to 

allow the externally imposed predation pressure to become a driving factor for vole dynamics 

even in less productive habitats.  

The contrast between the dome-shaped cyclic pattern of gray-sided voles on the 

lowlands an on the productive slope strikingly contrasted with the “peaky” and less 

predictable lemming dynamics in the homogeneously unproductive landscape of the upper 

plateau. Except for the tiny, isolated island of Doktacoagan, vole impacts on the vegetation 

that had even remotely resembled the dramatic habitat destruction by lemmings on the upper 

plateau (Moen et al. 1993b) were not observed. Moreover, the 43 dead, intact lemmings that 

were found lying on the ground after the snow-melt in 1999 in the highland part of the study 

area were the only intact, dead microtines found during my entire study. Hence, in broad 

terms, my results corroborate the prediction of Oksanen et al. (1981) that a dramatic change in 

trophic dynamics occurs along gradients of decreasing primary productivity. However, the 

change seems to occur first when the entire landscape is occupied by unproductive habitats. 

The error of Oksanen et al. (1981), repeated by L. Oksanen (1990) thus seems to be that they 

were discussing habitats in a context, where landscapes ought to have been discussed. The 

lowlands dominated by gray-sided voles still seem to lie in the realm of predation-driven 
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dynamics. First when we leave the last willow scrublands behind and enter the vast expanses 

of unproductive highland tundra the dynamics change and the lemmings, adapted to the 

predator’s role, take over. As collared lemmings (Dicrostonyx spp.) have not managed to re-

colonize Fennoscandia after the hypsithermal, the guild of herbivorous small mammals in 

these ‘ lemming barrens’  is a virtual monoculture of the Norwegian lemming.  

The contrast between dynamics in the ‘ land of the gray-sided vole’  and the 

‘ lemming country’  indicates that it is due time to abandon the traditional ‘a-cycle-is-a-cycle-

is-a-cycle’  attitude. Time delays, potentially capable of generating cyclic dynamics, are 

embedded in many kinds of trophic interactions. If we do not specify the pattern to be 

explained, we are likely to try to explain a non-phenomenon: an aggregation of different 

population dynamical syndromes, which do not share a common causal background. With this 

approach, we could indeed guarantee full employment for ourselves forever – as all 

imaginable hypotheses then inevitably become ‘ falsified’  in the context of some systems – but 

we would be unlikely to make progress in our effort to understand the dynamics of the living 

nature. 
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