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ABSTRACT 

ERICSON, L., 1977. The influence of voles and lemmings on the ve
getation in a coniferous forest, during a 4-year period, in northern 
Sweden. Wahlenbergia 4. 114 pp. 

The year-to-year changes in the ground flora of a coniferous forest 
of mesic dwarf-shrub type, in the boreal coniferous region in north
ern Sweden, were investigated during a 4-year period (1973-76). 
During this period there were 2 peak years and 2 low-level years 
of the microtine rodent population. Changes in both frequency, cover 
and numbers of individuals or shoots were recorded. For most plant 
species obvious changes from year-to-year were found, which clearly 
coincided with changes in the microtine rodent population. Most of 
the dominant species (dwarf shrubs, grasses and mosses) were consi
derably affected by grazing, with a marked decline either in cover 
or population number. However, some poorly competitive species were 
favoured. The vegetational disturbance enabled some vascular plants 
to increase by seedling establishment. It is suggested that such 
cyclic changes in microtine rodent populations are often of decisive 
importance both quantitatively and qualitatively for the vegetation 
and for the representation of the individual plant species. It is 
proposed that this probably holds true for many boreal vegetation 
types. 
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1 INTRODUCTION 

It is well-known that grazing, browsing and trampling by both wild 
and domesticated animals may have profound effects on vegetation 
physiognomically and fioristi cally. The problem has attracted the 
attention of both plant and animal ecologists. Principally the im
pact of wild and domesticated animals ought to be separated, as the 
latter is historically more recent. The impact of domesticated 
animals on the vegetation has received great attention by ecologists, 
e.g. for Scandinavia see Pettersson (1958), Steen (1958), Bjor & 
Graffer (1963), Rosen & Sjögren (1973, 1974). 

Regarding wild animals two kinds of impact may be discerned, depen
dent upon their population stability. 

(1) The impact may be regarded as constant for those species whose 
populations are more or less stable. Investigations in Scandinavia 
include such animals as e.g. reindeer, Rangifer tarandus (L.), 
(Skuncke 1958, Steen 1965, Höglund & Eriksson 1973), red deer, 
Cervus elaphus L., (Ahlen 1965), moose, Alces alces (L.), (Ahlen 
1975), and roe deer, Capreolus capreolus (L.), (Åhlén 1975). 

However, irruptions followed by crashes may occur among ungulates, 
as e.g. known for several species in North America (see the review 
in Keith 1974:49ff). The mule deer, Odocoileus hemionus Rafinescue, 
on the Kaibab Plateau provides a further example, although it is 
open to some methodological criticism (see Keith loc. cit.). The 
most favoured browse species were virtually exterminated and the 
regeneration of some species were wholly prevented (Rasmussen 1941). 

(2) A principally different impact is derived from those animals 
whose populations are characterized by cyclic fluctuations. In 
these cases the effects of grazing and physical disturbance are 
very marked during population peak years, followed by a recovery 
during the population low years. This is a feature known for many 
boreal rodents. Some show 3-4 year cycles e.g. many voles and lem
mings (see Elton 1942, 0. Kalela 1949, Wildhagen 1952, Koshkina 1966, 
Tast & Kalela 1971), others show a 10-year cycle, e.g. the snowshoe 
hare, Lepus americanus Erxleben, and muskrat, Ondatra zibethica 
(L.), (Keith 1963). 

The interaction between microtine rodents and vegetation has attrac
ted considerable attention, especially in North America, e.g. as is 
implied in the 'nutrient-recovery hypothesis' of Pitelka (1964) and 
Schultz (1964); see further section 10. However, detailed accounts 
of how the different plant species are influenced by the microtine 
rodents are scarce with the exception of the study by Tast & Kalela 
(1971). The only other detailed investigation from Fennoscandia is 
that on the influence of the muskrat on aquatic vegetation (Danell, 
in press). 

The cyclic fluctuations in the populations of microtine rodents 
are a striking feature in boreal ecology. It was therefore tempting 
to investigate in detail their effects on the vegetation. So the 
present investigation was initiated in 1973. Some more important 
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types of boreal vegetation were included, e.g. coniferous forest, 
mire and alluvial meadow. The results from the first-mentioned type 
will be presented here. 

The investigation, which is still in progress, was designed to cla
rify the following questions: 

(1) In what way is the vegetation affected (grazing, physical dis
turbance)? 

(2) Does any correlation exist between the changes shown by the 
different plant species and the microtine cycles? 

(3) What are the effects on plant dispersal, colonization and re
generation (seed dispersal, germination and survival)? 

(4) Which plant species are favoured and which disadvantaged by the 
rodent effects? 

(5) Do the microtine rodents play any important role in course of 
plant succession? 

The investigation period is of course too short still to permit any 
far-reaching conclusions being drawn. However, the results obtained 
seem to be of such prime interest that their presentation and dis
cussion seem justified. The great problem of why the populations of 
microtine rodents, as of many other herbivores and their predators, 
show cyclic fluctuations will not be dealt with. This question has 
been the aim for an overwhelming literature among the animal ecolo-
gists with a great number of hypothesis as a result (see e.g. the 
reviews in Krebs & Myers 197 4 and Haukioja & Hakala 197 5). 
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2 Terminology 

Cycle (Cyclic fluctuation). "A pattern of numerical change in which 
time intervals between successive highs and successive lows are 
significantly less variable and hence more predictable than in auto-
correlated random fluctuations" (Keith (1974:19). 

Juvenile. The stage in development of a plant from the forming of 
the first plumular leaves until the first floral shoots. 

Microtine rodent includes both voles and lemmings in accordance 
with e.g. Krebs & Myers (19 74) 

Individual and 'individual' refer to the genet and ramet, respec
tively (see section 5.1.2) 

Juvenile. The stage during the development of a plant, which begins 
with the first plumelar leaves and which ends when the plant has 
reched the mature stage (i.e. begins to flower). Cf. seedling. 

Population. A group of individuals of the same species for which 
it is meaningful to use different demographic parameters (cf. e.g. 
Keith 1974:19). 

Seedling. The stage in the development of a plant from germination 
to the first plumular leaves are seen. However, from a practical 
point of view, seedling is often used in a somewhat broader sense, 
e.g. it is more convenient to talk about the survival of the seed
lings during a sequence of years i.e. 2nd and 3rd year seedlings. 

Mat, turf and weft. Different growth-forms of mosses according to 
the system of Gimingham and Birse (1957) 

Further definitions will be found in the relevant places in the text. 
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3 The investigated area 

3.1 Location 

The study area is situated 6 5 km inland from the coast on Pyttis-
berget, a low hill in Vindeln parish, Västerbotten province, in 
the catchment area of the river Vindelälven in Northern Sweden 
(N 64°191, E 19°29'). See fig. 1. 
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Fig. 1. The location of the present investigated area (asterisk), 
see section 3.1, and the vegetation zones in northwestern Europe 
according to Ahti et al. (1968), see section 4. The numbered sites 
refer to areas in Fennoscandia in which studies of the influence 
of voles and lemmings on the vegetation have been made: 1. Kilpis-
järvi (O. Kalela 1957, O. Kalela et al. 1961, 1971, Tast 1968, 1972, 
Tast & 0. Kalela 1971); 2. Pallastunturi (O. Kalela & Koponen 1971); 
3. Rovaniemi (0. Kalela, Lind & Aho 1963, O. Kalela, Lind & Skaren 
1963); 4. Evo (Helminen & Valanne 1963). 
Map from Ahti et al. (1968 fig. 9). 
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3.2 Topography and geology 

Rudberg (1954) has divided Västerbotten into five morphological 
regions, each parallel to the Gulf of Bothnia. Each region repre
sents a different stage of preglacial erosion. Pyttisberget is si
tuated in 'the undulating transitional region', which is characte
rized by a low percentual cover of plains and by well cut-down 
valleys without continuous flanks (Rudberg op. cit.: 152f, 419). 
The topography is dominated by 'the undulating hilly terrain', i.e. 
a landscape with low, forested hills, which reach an absolute height 
of 200-300 m and with a relative height of more than 100 m (Rudberg 
op. cit. plates 3 & 4). 

Pyttisberget itself is a rather gently-sloping, forested hill, flat 
topped and reaching a height of 291 m. The highest shoreline (HK) 
within the area lies at a present-day level of 240-250 m above sea-
level. This shoreline was formed during the Ancylus stage of the 
postglacial development of the Baltic basin (Granlund 1943:78 fig. 
69; Atlas över Sverige, sheet 23). The HK is visible on the hill-
slope as stretches of wave-washed bedrock alternating with bouldery 
and stony, glacial till. Superficial deposits, glacial in origin, 
covering the hill-top have not been subject to wave erosion, i.e. 
are much richer in finer fractions than on the slopes. In Swedish 
such hills are called "kalottberg" ('cap hills', see Hoppe 1959: 
196) . 

Grain-size analyses of till from the top of the hill and from the 
slope above HK gave the following respective values: gravel 2 & 16 %, 
sand 39 & 39 %, fine sand 47 & 35 %, silt 9 & 7.5 % and clay 3 & 
2.5 %. The fractions less than 0.06 mm in size constituted 36 and 
27 %, respectively, which may be compared with the corresponding 
value for wave-washed till (i.e. below HK) of less than 20-25 % 
(unpubl. data, kindly supplied by Mauno Lassila, Department of 
Geography, Umeå). 

The bedrock is Archean, consisting of acid-veined gneisses derived 
from the phyllite series, which together with porphyritic Revsund 
granite constitute the main part of the bedrock of the Precambrian 
peneplain east of the Caledonian mountain range (Gavelin & Kulling 
1955). 

3 .3 Climate 

Meteorological data for the nearest meteorological station Hällnäs-
Lund, 9 km SE of the study area, on the S shore of the river Vindel-
älven, altitude 181 m, are given in fig. 2. 

The climate of the study area has a somewhat continental character. 
The difference between the mean temperatures of the coldest and 
warmest months is 26°C (Langlet 1937:348 & fig. 28). The onset dates 
of the various seasons, with the diurnal mean temperatures given, in 
brackets, are: spring (0 - +10°C) begins about 15/4, summer (>+10°C) 
begins between 1/6 and 10/6, autumn (+10 - 0°C) begins about 1/9, 
and the winter (<0°C) begins about 20/10 (Atlas över Sverige, sheet 
28 maps 16-20). 
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Fig. 2. Meteorological data for the nearest meteorological station, 
Hällnäs-Lund (primary data supplied by SMHI). 
The mean monthly temperatures (A) and precipitation values (B) for 
the period 1972-1976 shown as histograms. The monthly mean values 
for the normal period 1931-1960 have been added (solid lines) in 
each case, for comparison. Fig. 2C shows the depth of snow cover, 
as estimated on the 15th and last day of each month. 
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The vegetation or growth period is defined as the number of days 
during which the diurnal mean temperature equals or exceeds a cer
tain minimum degree. Different minimum temperatures have been used, 
e.g. +3°C (Atlas över Sverige, sheet 28 map 28; Ångström 1958:36f 
fig. 11), +4°C (Hultén 1950:39) or +6°C (Langlet 1937:340ff fig. 26; 
Johannessen 1970:53ff fig. 4-6). From an ecological point of view 
the use of the +6°C isptherm is preferable, at least with regard of 
vascular plants (see Langlet loc. cit.). However, for cryptogams 
this is perhaps a too high a value, and for these the +3°C isotherm 
may be preferable (cf. Strid 1975:13). 

Using the +6°C isotherm as base level the growth period in the study 
area amounts to 140 days, ca 10/5 - 1/10 (Johannessen loc. cit.) and 
the corresponding values for the +3°C isotherm are 160 days and ca 
1/5 - 10/10 (Atlas över Sverige, sheet 31 map 6). 

The duration of the snow cover is about 190 days (Atlas över Sverige, 
sheet 31 map 2) and the annual mean value for maximum snow depth is 
70-80 cm, range from 30-40 cm to 100-120 cm (Ager 1964 fig. 5:5a-c). 

The study area, like most of northern Sweden with the exception of 
the coastal strip and the mountains, belongs to Tamm's 'normal humid 
region' (humidity index ca 250 mm/year; for formula etc see O. Tamm 
1959) . 
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4 Phytogeographical survey 

Phytogeographically the study area lies within the 'middle boreal 
zone' of Ahti et al. (1968:195f fig. 9; see also fig. 1 in this 
paper), which corresponds to the 'main boreal sub-zone' of Sjörs 
(1963:117 fig. 3; cf. also Sjörs 1965). This zone forms part of the 
global 'boreal zone', also called the 'taiga' (Ahti et al. op. cit.: 
176-177). The latter authors, however, use the term 'boreal' in a 
somewhat broader sense than e.g. Sjörs (op. cit.) and Russian authors, 
since they also include the 'hemiboreal zone' (= the 'boreo-nemoral 
zone' of Sjörs) (Ahti et al. loc. cit.). A concept which seems jus
tified . 

The 'middle boreal zone' includes both the 'North Swedish Myrica 
subregion (without spontaneous maple, linden and hazel)' and part 
of the 'Central conifer forest subregion' of Du Rietz (1950, 1956, 
1964, cf. also the survey in Sjörs 1965:58). This 'Myrica subregion', 
which was originally proposed by Wahlenberg (1826:XXXII), is charac
terized by the occurrence of a number of southern species, of which 
the most important are Myrica gale, Alnus glutinosa, Rhamnus fran-
gula and Viburnum opulus. With the extension usually given to the 
'Myrica subregion' the terminology is unsatisfactory in so far as 
Myrica gale, as are also most of the other species considered to 
characterize the zone (for enumerations see Sjörs 1950:174f, Du 
Rietz 1956:66ff), is strongly confined to the coasts on either side 
of the Bothnian Bay, extending only about 20-30 km inland. Neverthe
less, it does occur, though only very rarely, further inland. All 
the above-mentioned species are very rare in the vicinity of the 
study area (see the maps in Hultén 1971, cf. also Lundqvist 197 4: 
251ff). To consider the 'Myrica subregion' as synonymous with the 
'middle boreal zone' (cf. table 1 in Ahti et al. op. cit.:189) is 
not right. A more satisfactory view is to regard Du Rietz' 'Myrica 
subregion' as a subzone of the 'middle boreal zone', dependent on 
local maritime conditions and fringing the coasts in the northern 
half of the Gulf of Bothnia. In coastal Västerbotten, for example, 
the local maritime climate extends about 20-30 km inland (H. Hansson 
1927). Indirectly this view was also accepted by Du Rietz (1956:66f), 
in his enumeration of a large number of the characteristic species 
for his 'Myrica subregion'. The great difficulties encountered in 
defining the 'Myrica subzone' were also pointed out by e.g. Andersson 
& Birger (1912:27f) in their critique of Wahlenberg's zonation (1826), 
and also by Sjörs (1950:174). 

Floristically the study area is characterized by (For detailed dist
ribution maps see Hultén (1971).): 

(1) A regular, but very rare, occurrence of southern species, whose 
distribution in northern Sweden is strongly restricted to the coast, 
e.g. Myrica gale, Alnus glutinosa, Rhamnus frangula, Viburnum opulus, 
Salix repens, Rhynchospora alba, Calla palustris. This group consti
tute a rest of the great number of species of Du Rietz' 'Myrica sub-
region' penetrating farthest inland. For further species see Sjörs 
(1950:174f). These species occur on the margins of lakes, smaller 
rivers and brooks (rarely alongside larger rivers), on hill-slopes 
subject to sub-soil seepage, on sloping mires, and in other micro-
climatically-favourable localities. All occur here at altitudes un
der the HK limit. 
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(2) Species belonging to the 'central conifer forest subregion' 
(sensu Du Rietz), which begin to appear, or to increase in both 
frequency and abundance, about 50 km inland from the coast. The 
following deserve mention: Carex tenuiflora, C. angarae, Eriophorum 
brachyantherum, Salix myrtilloides, Ranunculus lapponicus, Epilobium 
hornemannii, Sphagnum wulfianum together with the first outpost lo
calities for Hypogymnia bitteri (cf. Ahlner 1948 fig. 18) (for fur
ther species see Sjörs 1950:176). These are all species of damp fo
rests, mire margins, mire hummocks, and moist, shady depressions in 
spruce forests (Sw. "grankäl"). 

In both cases the influence of the local maritime climate is evident, 
leading to a floristic change between the coastal plain and the in
land undulating, hilly terrain (see section 3.2), i.e. there is a 
clear-cut floristic gradient within the 'middle boreal zone1. 
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5 Methods 

5.1 Vegetation 

2 Four plots, each one hectare (100x100 m ) in extent, were chosen 
for the investigation. All were located on the irregularly sloping 
NE part of the hill, above the HK limit. Geographic position accord
ing to the Swedish National Grid (Rikets nät): 21J7F 4024, 4124, 
4026 and 4126. Within these plots were series of permanent quadrats 
(1 m ) laid out. In addition a vegetation map of the four plots was 
made. In the present paper only the results of the quadrat analyses 
will be presented. 

5.1.1 Vegetation mapping 

For the vegetation map I chose to follow the scheme for forest-site 
types elaborated by Eneroth-Arnborg (Arnborg 1964). Because it diffe
rentiates between phytosociologically closely-related vegetation 
types, this scheme yields a good picture of the more minor habitat 
variations e.g. in the present instance the gradient dry-mesic. De
spite certain shortcomings this scheme has proved very applicable 
in northern Sweden. The 'mesic dwarf-shrub type' of Arnborg (op. 
cit.) has here been subdivided on a basis of the cover values for 
Deschampsia flexuosa. In the studied area the cover values increase 
along a dry-mesic gradient and are paralleled by increases in the 
number of species of herbs, the importance of Luzula pilosa and of 
a number of moss species. 

5.1.2 The permanent quadrats 

2 46 permanent quadrats, 1 m in size, were systematically distribu
ted within the four plots (1 ha) (for locations see fig. 3), in or
der to minimize problems in re-locating them at each revision. The 
size 1 m2 was chosen as being the most suitable for the purposes 
of the investigation, since the aim was not to provide a phytosocio-
logical description of the vegetation, for which purpose a larger 
quadrat size would have been necessary (cf. Ahti et al. 1968:186). 
In some cases smaller quadrats, sized 1/16 m2 and 1/100 m2 were 
used (see further below). 

The need was to investigate the year-to-year changes in the diffe
rent species as accurately as possible without destroying the vege
tation in the quadrats. Sampling of biomass, which would have given 
the most accurate figures for the different species was therefore 
excluded. In the collection of data the following methods were used. 

2 (1) Frequency: Simple presence or absence within the 1 m quadrats 
was recorded. 

(2) Cover: Percentage cover of the above-ground shoots (see appendix 
1) within the 1 m2 quadrats. For increased reliability each quadrat 
was divided into 100 dm2 squares. As always 1 m2 quadrats were used 
the values obtained are directly convertable into dm2, which have 
been used in the tables. 
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For the present investigation the traditional cover-degree scales 
of Hult-Sernander-Du Rietz (see Du Rietz 1921:225, further elabora
ted in Dahlskog 1974:3) and Braun-Blanquet (Braun-Blanquet 1964:37) 
would have been too crude. 

(3) Numbers of shoots or individuals: The great problem in plant 
population studies is to find the most suitable basic unit for use 
in describing the populations of the different species present. The 
methods used must be adjusted in accordance with the vegetative 
growth of the species dealt with. This means that the values ob
tained for different species are not entirely comparable. For spe
cies which do not reproduce vegetatively no problems exist, since 
in these cases the individual is directly equivalent to the genetic 
individual, the 'genet' (cf. Kays & Harper 1974: 17). For other spe
cies, however, different methods must be used. The single clones 
may be delimited, in which case each clone counts as one individual 
or genet. Theoretically this procedure is the most correct, but is 
often in practice quite impracticable. Due to ramification indivi
dual clones may be difficult, if at all possible, to distinguish 
one from another, on the basis of slight morphological and phenolo-
gical differences (cf. e.g. Oinonen 1971:5f and Flower-Ellis 1971:4). 
Nevertheless chronological data about the individual clones may 
yield extremely valuable information about history and dynamics of 
a site (cf. Oinonen 1968:38). However, this method tells us very 
little about what happens within any single clone. For such cases 
the most convenient method is to count the number of above-ground 
shoots, the vegetative unit or the 1ramet' (Kays & Harper loc. cit.), 
and consider them as 'individuals' of the population study. This is 
the most practicable method to use for most dwarf-shrub species and 
has been used for e.g. Vaccinium myrtillus and V. vitis-idaea in 
the present investigation. 

For the mosses I have either counted well-delimited turfs or cush
ions or single shoots as representing 'individuals'. Pleurocarpous 
mosses were counted as 'individuals' provided that the colonies 
were well-separated from each other (e.g. for species colonizing in 
runways). No detailed counts of the number of shoots within turfs 
or cushions as done by e.g. M.A. Watson (1975) and Collins (1976) 
were made. The diameters of all 'individuals' were measured when 
possible. For species occurring as extensive carpets (e.g. Pleuro-
zium schreberi) I have not succeeded in finding any suitable method 
for use in the field. 

For lichens the numbers of podetia were counted and the diameter of 
the colonies were measured. 

2 For most counts 1 m quadrats were used. However, for species with 
large numbers of 'individuals' (Vaccinium myrtillus, V. vitis-idaea 
and partly for Deschampsia flexuosa) a smaller sampling area, 1/16 
m^, was used, in accordance with Flower-Ellis (1971), always simi
larly positioned within all the 1 m^ quadrats. In some cases the 
counts were too uncertain to yield any reliable data since it proved 
too difficult to delimit the 'individuals'. The numbers of such 
cases are noted for each species in section 7. 

The 'individual' plants were either marked with threads in the field 
(dwarf-shrub species), or their positions plotted on millimetre 
graph paper, in order to get reliable demographic data. 
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For further details of the methods used and their relevance for 
each species see section 7. 

(4) Distance: Theoretically the distance between plants (measured 
from centre to centre) provides a measure of the number of indivi
duals or shoots, if the sample area is known (see Barkman et al. 
1964:405). Since plants are usually not evenly distributed in na
ture, this method is open to criticism. However, the method has some 
advantages as it enables a rapid and easily-obtainable estimate of 
number to be made. It can be recommended for use in investigations 
in which the time available for field work is limited. It should 
then be recorded together with cover when making the routine analy
ses . 

The same difficulties with regard to the definition of an 'indivi
dual1 plant are encountered here as they were in the estimation of 
numbers (see above). The scale used can be found in appendix 2. 
Since distance was only estimated for certain species for which 
counts proved to be impracticable, I shall not discuss the method 
further here. 

The permanent quadrats were analysed once a year (1973-1976), to 
record the year-to-year changes. For vascular plants the quadrats 
were investigated during the period 15-31 August and for cryptogams 
during the period 1-15 September. In addition, certain other data, 
such as numbers of flowers and berries (for dwarf-shrubs), numbers 
of seedlings and the growth of mosses and liverworts, were obtained 
at regular intervals during the snow-free season. Only a part of 
this material will be presented here. 

5.1.3 Nomenclature 

Nomenclature follows for vascular plants mainly Lid (1974), for 
mosses Nyholm (1954-1969), for liverworts Arnell (1956) and for 
lichens Dahl & Krog (1973). 

Text citations have not been altered to conform to the above nomen
clature, in case taxonomic uncertainties might arise. 

5.2 Microtine rodents 

The microtine rodent population within the 4 main (1 ha) plots was 
investigated by Birger Hörnfeldt and Dag Westerberg during the pe
riod 1972-1976. Trapping was carried out at regular intervals from 
May to October, 6 times in 1974, 4 times in the remaining years. 
Each period extended over 3 trap nights. For further information on 
the methods used see Hörnfeldt & Westerberg (in prep.). 
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6 Vegetation 

Most of Pyttisberget is covered with coniferous forest, about 100-
140 years old, with the exception of a clear-felled area on the NE 
slope, nowadays with 20-years-old conifers. The mature forest, up 
to about the level of the HK, is dominated by Picea abies. Higher 
up Pinus sylvestris is the dominant species, with Picea locally 
forming an understorey or as a dominant in the depressions. Trees 
of Betula verrucosa and single old trees of Salix caprea occur in
terspersed among the conifers. Sorbus aucuparia and Populus tremula 
do occur, locally abundant, but usually only as languishing 1-2 m-
high saplings, although trees of the latter species can be found 
especially on the wave-washed slopes below the HK level. Small, 
scattered stands of Alnus incana occur in shallow, mesic or moist 
depressions. 

The areal composition of the vegetation of the investigated four 
(1 ha) plots is shown in fig. 3. The following description follows 
the Eneroth-Arnborg system of forest-site types (Arnborg 1964). The 
nearest equivalents according to Caj ander's (see e.g. Cajander 19 21, 
1926; more fully elaborated in Kujala 1961 and A. Kalela 1961) and 
Malmström's (1949) classifications of forest-site types are bracke
ted. 

The dominant type is the 'mesic dwarf-shrub type1 (Sw. 'frisk ris-
typ'; Arnborg 1964; Myrtillus type, MT, and partly Vaccinium type, 
VT, of Cajander 1921:35-36, 1926:37; Vaccinium-Myrtillus type, VMT, 
of A. Kalela 1961:70, which is the middle boreal parallel to the 
southern boreal Myrtillus type, see Kujala 1961:18-19 and A. Kalela 
loc. cit.; Vaccinium myrtillus moss-forests of Malmström 1949:60). 
V. myrtillus is the dominant species, with V. vitis-idaea and De-
schampsia flexuosa as the most important co-dominants. There are 
few herbs present, only Melampyrum pratense occurs with any frequ
ency. The bottom layer is ususally closed and consists of forest 
mosses, such as Pleurozium schreberi (dominant) and Dicranum spp. 
(especially D. scoparium). Liverworts and lichens are of only minor 
importance. 

On drier parts, especially where the bedrock has a thin till cover, 
the 'dry dwarf-shrub type' (Sw. "torr ristyp"; Arnborg op. cit.) 
occurs (Vaccinium type, VT, and Empetrum-Myrtillus type, EMT, of 
Cajander 19 21:36-37, 1926:35; Empetrum-Vaccinium type, EVT, of A. 
Kalela op. cit.:69; Empetrum moss-forests of Malmström op. cit.:57). 
Vaccinium myrtillus decreases in importance and V. vitis-idaea and 
Empetrum hermaphroditum dominate. The lichens (Cladonia subgenus 
Cladina) increase in importance. Pleurozium schreberi is the most 
important moss species. 

The remaining vegetation types only occur fragmentary, in depres
sions and on slopes. They are best classified as 'mesic Dryopteris-
type with dwarf shrubs' (Sw. "frisk ekbräken-ristyp"; Arnborg op. 
cit.) or as 'mesic dwarf-shrub type with low herbs' (Sw. "frisk 
ört-ristyp'; Arnborg op. cit.. Both these types lie nearest to the 
Geranium-Dryopteris type, GDT, of Cajander (1921:32, 1926:38). The 
former type includes such species as Gymnocarpium dryopteris, Rubus 
saxatilis and Viola riviniana, together with Vaccinium myrtillus 
as most important dwarf shrub. Beside the usual forest mosses more 
demanding species such as Rhodobryum roseum may occur. Lichens usu
ally only occur on fallen logs. The latter type includes such species 
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21J7F 4124 21J7F 4126 

21J7F 4024 21J7F 4026 

Fig. 3. The distribution of the forest-site types within the four 
investigated plots (100x100 m^) and their locations according to 
the Swedish National Grid. 

'Dry dwarf-shrub type' 

'Mesic dwarf-shrub type', Deschampsia flexuosa cover <1 

d:o, , " " " 1-25 

d: o, , " " " >25 

'Mesic Dryopteris-type with dwarf shrubs' 

location of permanent (1 m ) quadrats. 
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as Geranium sylvaticum and Filipendula ulmaria. This type, however, 
is so fragmentary within the studied plots that it has not been 
mapped separately. 

Information about floristic composition, frequency, cover etc are 
given in tables 20, 42, 48 and 49. Of the 46 1 m^ quadrats investi
gated, 44 belong to the 'mesic dwarf-shrub type', 1 to the 'dry 
dwarf-shrub type1 and 1 to the 'mesic Dryopteris-type with dwarf 
shrubs' (cf. fig. 3). These two deviant quadrats, however, have not 
been entered separately in the tables. There is a striking agreement 
between these vegetation analyses and those for the 'Vaccinium myr-
ti1lus moss-forest1 given by Malmström (1949:154-155, table 5). 

These forested hills in Västerbotten are often very poor from a flo
ristic point of view. However, finds of two liverworts on Pyttis-
berget deserve mention, as they illustrate that these low hills with
in the boreal forest zone are well worth investigating more closely. 
AnastrophyHum michauxii, which was found in 197 3 and is still ex
tant, grows at the base of some mosscovered boulders, above the HK 
limit. A. michauxii has a clearly western, suboceanic distribution 
in Scandinavia, with its nearest, previously-known locality in Jämt
land (H. Persson 1940:265f, Arnell 1956:89). Its occurrence on 
Pyttisberget most probably depends on the suitable microclimate with
in the dense, mature forest on the hill top, as suggested also by 
the single locality here for the lichen Collema nigrescens (cf. the 
distribution map in Degelius 1954:438 fig. 68). Cephalozia ambigua, 
which was found in 1974 and is still extant, grows on the clear-
felled area on two sites both much exposed to frost-heave. C. ambigua 
is typically a subalpine and low-alpine species (Arnell 1956:207), 
which appears to have found a suitable habitat at a lower altitude, 
due to the microclimatic changes in the clear-felled area, although 
such localities are obviously temporary ones. 

General floristic information for the vascular plants of the catch
ment area of the river Vindelälven can be found in Lundqvist (1974). 
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7 Microtine rodents 

7.1 Changes during 1972-1976 

The changes in the population size of microtine rodents in the 4 
(1 ha) plots during the 4-year period (1972-1976) are illustrated 
in fig. 4. The population markedly increased during 1972, from the 
pronounced low-level of the previous year, 1971 (Hörnfeldt unpubl.). 
Peak years for individual species were 1973 for Clethrionomys 
glareolus (Schreb.), 1974 for C. rufocanus (Sund.) and Myopus schis-
ticolor (Lillj.), and 1973-1974 for Microtus agrestis (L.). All 
species markedly decreased during the period October 1974 - May 1975. 
Judging from other observations (tracks on the snow surface, runways 
and effects on the vegetation) this population crash probably occur
red during the later period of the winter. Both 1975 and 1976 were 
pronounced low-level years. In 197 5 only 2 Clethrionomys rufocanus 
and in 1976 only 5 C. glareolus were trapped. 

No per 100 trap nights 
10 

5 

0 

1974 1976 1975 1973 1972 

Fig. 4. The year-to-year fluctuations in the microtine rodent po
pulation during the period 1972-76. Data from Hörnfeldt & Westerberg 
(unpubl.). Clethrionomys glareolus (•), C. rufocanus (A), Microtis 
agrestis (0) , and Myopus schisticolor (•). 
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The occurrence of runways made by the microtine rodents also paral
lels the population changes (table 1). The increase in the number 
of runways during the 1974-1975 winter (= the value for 1975 shown 
in table 1) indicates that the population crash did not occur during 
the early part of the winter. 

Frequency Range of per x% 
Year no % centual cover (n=46) 

1973 0 0 0 0 
74 26 56.6 0.45-15 3.1 
75 35 76.1 3.5 -25 8.0 
76 32 69.6 0.95-25 4.6 

Table 1. The occurrence of microtine rodent runways during the pe
riod 1973-76 expressed as both frequency (no and %ge) of the 46 in
vestigated quadrats. The range range_of percenal cover of the run
ways and the mean percentual cover (x) for all quadrats combined. 
The reduction in the values for 1976 is due to new colonization of 
bryophytes. In 197 3 a few runways occurred outside the quadrats. In 
19 76 no new runways were observed. 

It should be added that other herbivores besides microtine rodents 
are present on Pyttisberget, such as the moose, Alces alces (L.) 
and the mountain hare, Lepus timidus L., whose local populations 
number about 5-6 per 1000 ha and 1-3 per 100 ha, respectively 
(S. A. Svensson pers. comm.). 

7.2 Feeding habits 

7.2.1 Survey of methods 

A large number of papers have been written on the feeding habits 
of the four species of microtine rodents, which form the subject 
of the present study. Some of the main papers are mentioned below. 
When drawing valid comparisons, however, one must remember that a 
wide variety of habitats were studied, some of which cannot be di
rectly compared one with another or with those at the investigated 
area. Rodent feeding habits have also been studied by different 
methods, which yield results of varying quality and comprehensive
ness. The main methods are: 

(1) The diet micro-analysis, i.e. a microscopic determination of 
the stomach contents. In the results each item found is estimated 
as a percentage of those in the whole sample studied (for details 
see L. Hansson 1970). This method has the disadvantage that deter
mination to species level may be difficult or impossible. From a 
botanical point of view such results are often too imprecise. 

(2) Experiments on food preferences. Since these are carried out 
in the laboratory a clear distinction must be drawn between food 
quality (yielding high preference values) and the quantity. The im
portance of any particular plant species as food is very much de
pendent upon its abundance in the field, and the most preferable 
species in the experiments may be of little or no value in practice 
(cf. Elton 1927 : 143) . 
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(3) Field observations of grazed areas. This method can yield very 
valuable information about the extent to which different plant spe
cies are utilized, both for food and as nest-building materials. 

(4) Direct field observations. This is of course the most reliable 
method. It is, however, very time-consuming and is difficult to 
undertake without disturbing the animals. 

Among the papers cited below, Hansson and Holisovâ used method (1) 
and Kalela et al. used methods (2) & (3). 

7.2.2 Clethrionomys glareolus Schreb. 

This vole has very varied food habits. It's main food supply con
sists of the above-ground parts of herbs, but seeds, insects, and 
earthworms may also constitute an important part, especially during 
the autumn - spring period (L. Hansson 1971a table IB, Holisovâ 
1966, 1972, 1975). According to HoliSovâ (1975) 90 % of the food 
supply is vegetable and 10 % animal. 

A clear seasonal variation is present. During the summer herbs (all 
kind of above-ground living organs), insects and earthworms are the 
most important dietary constituents (L. Hansson loc. cit., Holisovâ 
1972), while during the autumn, winter and spring, fungal hyphae, 
e.g. on decaying leaves, form an important part of the diet (Holisovâ 
1966:219, 1971:16 fig. 7g; Williams & Finney 1968; L. Hansson 1971a) 
as well as seeds and insects (see the above-cited references and 
Drozdz 1966) . 

The importance of herbs decreases in winter, but both the above-
and below-ground parts of the perennial herbs are still eaten (see 
e.g. Holiêovâ 1966 fig. 3). Below-ground parts, without specifying 
any further, constitute about 20 % of the winter diet, less in autumn 
and in spring, and virtually nil during the summer (see Holisovâ 
1966:209ff, fig. 1 & 2; 1972:302f, fig. 1 & 2). Grasses only consti
tute a minor part of the diet and sedges are almost entirely avoided 
(L. Hansson 1969, 1971a, Holisovâ 1972). The importance of mosses 
is somewhat uncertain. According to L. Hansson (1969 table 11), in 
the Ammarnäs-area (trapping period late spring-early summer), they 
occurred with high percentual frequencies (86, 90 and 50 % during 
three successive years). In southernmost Sweden mosses form a regu
lar part of the food supply at all seasons (Hansson 1971a). However, 
Holisovâ (1966:211) working in a lowland oak forest (Querceto-
Fraxinetum), only reported finding traces of mosses. Lichens seem 
to have extremely little importance in the diet (Holisovâ 1966:209 
fig. 1, 219) and have not been reported by any other authors, al
though no investigations have been made in lichen-rich habitats. 
Furthermore, lichens may in some cases have been classified as 
'fungal remains', in stomach content analyses. 

Inflorescenses of bushes and dwarf-shrubs constitute a most prefer
able food during spring - early summer. Holièovâ (1972 table 2) 
points out the great importance of catkins of Salix spp. during spring. 
I have myself at several occasions observed C. glareolus climbing 
up in the canopies of Vaccinium myrtillus biting off the flowers as 
soon as flowering begins in early June. This behaviour certain years 



23 

causes a drastic reduction in the number of flowers and consequent
ly in the number of berries. 

Holisovâ (1971) found that the importance of herbs increased with 
increasing population density for C. glareolus, which may be inter
preted as that the dominant species of the habitat are increasingly 
utilized with increasing density. 

7.2.3 Clethrionomys rufocanus (Sund.) 

This vole is a fairly typical vegetarian (Tast & Kalela 1971) . De
tailed accounts of its feeding habits are given by 0. Kalela (1957: 
45ff). Kalela (op. cit.:51) states that there is no evidence that 
it feeds on the subterranean parts of plants, at least during winter. 

The usual summer food supply consists of leaves and shoots of both 
dwarf shrubs, a large number of herbs, and Luzula pilosa (all groups 
being highly preferred in feeding experiments). Among the dwarf 
shrubs Vaccinium myrtillus was most preferred, followed by V. vitis-
idaea, V. uliginosum, Empetrum sp., Linnaea borealis and Betula nana. 
Mosses constitute only a minor part of the diet, although Pleurozium, 
especially, is eaten (0. Kalela op. cit.:52). Leaves of grasses (e.g. 
Deschampsia flexuosa and Festuca ovina) are also of little importance. 
Lichens are inferior as food, but Kalela reports that C. rufocanus 
has occasionally been observed to carry away parts of both Cladonia 
silvatica and Nephroma arcticum (0. Kalela op. cit.:46). 

The winter food supply (op. cit.:45-46) chiefly consists of shoots 
of dwarf shrubs, Vaccinium myrtillus again being the most important 
species. 

0. Kalela (op. cit.:45-46) gives the following example from a sub-
alpine birch forest in the Kilpisjärvi area. 150 quadrats, each 
2 m , were investigated, following a population crash during the 
winter of 1955/56. 75 % of the vegetation consisted of EMT, the rest 
of GDrMT and a small part of TrGT (for terms see section 2). The 
values given are percentage estimates of the consumption of the to
tal population of each species, when the populations was expressed 
as percentage cover, viz. Vaccinium myrtillus 20-50 %, V. uliginosum 
20 %, V. vitis-idaea 1 %, Phyllodoce coerulea 0.5 %, and Empetrum 
spp. traces only. 

7.2.4 Microtus agrestis (L.) 

The feeding habits of this species have been thoroughly investiga
ted by L. Hansson (e.g. 1971b) in a large variety of vegetation 
types in Scania (op. cit.: fig. 17 & 18, table 4 & 6) (locality 6 
in fig. 1) and at Ammarnäs (op. cit. 301 fig. 19; cf. also L. Hansson 
1969 table 2) (locality 5 in fig. 1). 
The food spectrum was dominated throughout the year by grasses (e.g. 
Agrostis tenuis and Deschampsia flexuosa) > 75 % and which reached 
peak values in November. During the summer (June-Sept.) the propor
tion of herbs increased and constituted about the half of the food 
supply in August, while the grasses diminished to ca 1/3 (L. Hansson 
1971b:294-300, fig. 17 & 18, table 4 & 6; cf. also L. Hansson 1971a 
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table IC). This accords with the results of several other authors 
e.g. Davydov & Korobeinikova (1975), who found that grasses and 
sedges were important food items during the earliest part of the 
vegetation period, thereafter being replaced by herbs. L. Hansson 
(1971b:301 fig. 19) found that herbs made up 3/4 of the diet during 
June (meadow vegetation, Ammarnäs). Myllymäki (1959) lists a number 
of highly preferred herbs, stating that grasses and sedges (e.g. 
Calamagrostis spp. and Carex spp.) were discarded. According to O. 
Kalela (1962), the summer diet of this vole in N Finland consists 
of above-ground parts of grasses, sedges and herbs. The preference 
of M. agrestis for grasses seems to apply to both the early phase 
of the vegetative period in spring and the autumnal period of shoot-
production. 

During the winter period aerial parts of sedges, grasses and herbs 
constitute the main part of the diet as also the bark of willows 
and other shrubs (L. Hansson 1971b:292f, 0. Kalela 1962). Whether 
any of the various parts of the root systems are eaten remain un
certain. 

Mosses seem to contribute only a minor part of the diet, though 
showing a slight increase in frequency during the early summer -
early autumn period (L. Hansson 1971b:292ff; 1971a table 1C). During 
June in Ammarnäs, however, L. Hansson (1969 table 12) reported a 
high frequency of mosses in the diet. 

No information has been found in the literature about whether or 
not M. agrestis feeds on lichens. 

7.2.5 Myopus schisticolor (Lillj.) 

The food preferences and food habits of the wood lemming have been 
investigated both in the field and in the laboratory by 0. Kalela 
et. al. (1963a). Food preference experiments (op. cit.:31f) showed 
that a large number of the most abundant forest mosses are highly 
preferred, e.g. Brachythecium reflexum, Dicranum fuscescens, D. 
polysetum, D. scoparium, Hylocomium splendens, Pleurozium schreberi, 
Ptilium crista-castrensis, Pohlia nutans, Polytrichum commune, P. 
juniperinum, Rhodobryum roseum. The leaves (only) of a number of 
graminids such as Deschampsia flexuosa and Luzula pilosa also be
longed to this group. Sphagnum spp. and a few herbs were also eaten, 
but to a much lesser extent. Most herb species were rejected, as 
were lichens, fungi, dwarf-shrubs (except the berries), and a few 
bryophytes such as Ptilidium ciliare and Plagiothecium denticulatum. 

During the snow-free season M. schisticolor feeds on the green top-
shoots only of the mosses mentioned, while during the snow-covered 
season, when the top shoots are frozen into the snow cover, the 
shoots are bitten off at the base. This is specifically mentioned by 
Kalela et. al. (op. cit. : 35) for Polytrichum commune. But I have myself 
observed the same for several other moss species especially Dicranum 
spp. A bitten-off shoot and one with the top shoot eaten of a Dic
ranum sp. are illustrated by Mysterud (1968 fig. 1)„ 

Within the most preferred group of food plants a clear preference 
order is also evident. In their experiments Kalela et. al. (op. cit.: 
34) found the following decreasing order of preference: Dicranum 
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scoparium, Hylocomium splendens, Pleurozium schreberi and Sphagnum 
girgensohnii. This also conforms with the results obtained from a 
number of field investigations on food habits during winter (see 
Kalela et. al. op. cit.:35 and Helminen & Valanne 1963:59). These 
two investigations reported the following consumption values, ex
pressed as percentages of the total cover of the respective species: 
Dicranum spp. 55 & 40 %, Polytrichum commune 35 & 2 %, Hylocomium 
splendens 30 & 1%, and Pleurozium schreberi 25 & 6 %. 

7.2.6 Summary 

To sum up the results of the investigations mentioned above the 
following plant groups formed an important part of the food supply 
for the particular microtine rodents listed: 

dwarf shrubs: Clethrionomys rufocanus, C. glareolus (mainly flowers 
and berries). 

grasses: Microtus agrestis, Myopus schisticolor, Clethrionomys 
rufocanus (less). 

herbs: C. glareolus, C. rufocanus, Microtus agrestis. 
mosses: Myopus schisticolor. The voles are known occasionally to 

eat mosses, but to what extent and how commonly is uncertain, 
liverworts: no definite information. 
lichens: no definite information. 

Before a true understanding of the impact of microtine rodents on 
different plant species can be obtained, however, very thorough in
formation is needed on such matters as to which particular parts are 
foraged and during what times of the year foraging occur. These points 
will be dealt with in the following section, although it has seldom 
been possible to separate the effects of individual microtine rodent 
species, except in a very few cases. 

Which particular species that are consumed seem to depend very much 
upon their local abundance. HoliSovâ (1971:19 fig. 10) reports a 
strong connection between utilization and abundance for Clethrionomys 
glareolus. Davydov & Korobeinikova (1975) found that the dominant 
species in meadow vegetation constituted 60-90 % of the food consumed 
by Microtus agrestis. Such a high degree of utilization is also ex
emplified by L. Hansson (1971b:301 fig. 19) from Ammarnäs, where 
Ranunculus spp. supplied up to 50 % of the food consumed during June 
(meadow vegetation). 
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8 Changes in the vegetation 1973-1976 

2 In the following section the original data from the 46 lm quadrats 
will be presented and briefly discussed. In general the data for 
the 4 6 quadrats have been summed. The individual quadrat values are 
given for cover values only. The reason for treating the data in 
this manner was the desire to find out how widespread any changes 
were, since change within a single quadrat might well have been aty
pical for the study area as a whole. Main stress will be laid upon 
changes in population (numbers) or in cover depending upon which 
seems to be the most relevant. The main purpose is to see if the 
initial species populations present in 1973 have changed and, if so, 
how these changes have occurred, i.e. considering both recruitment 
and loss by either natural causes or rodent foraging. I would point 
out once again that all the data, with exception of those in section 
8.1.1, were collected during the August and September counts, only, 
so that any changes taking place in the meantime will have escaped 
the observation net, so to speak. 

Frequency and total cover (the sum of the cover values for all quad
rats combined) are given in table 20 in section 8.1.2 (vascular 
plants), in table 42 in section 8.2 (mosses), in table 48 in section 
8.3 (liverworts), and in table 49 in section 8.4 (lichens). Data on 
population numbers and cover values for the individual quadrats are 
mentioned separately under each species, in tables and graphs. 

For the sake of convenience disappearence and recruitment has been 
tabulated under the year in which this was noted, even though the 
event may already have occurred sometimes during the preceding year, 
but after the August (vascular plants) or September (cryptogams) re
counts were made. 

8.1 Vascular plants 

From a practical point of view the species have been arranged al
phabetically within the following species groups: 

Dwarf shrubs: Calluna vulgaris, Empetrum hermaphroditum, Linnaea 
borealis, Orthilia secunda, Vaccinium myrtillus, V. uliginosum, and 
V. vitis-idaea. 

Graminids: Calamagrostis cf. lapponica, Deschampsia flexuosa, and 
Luzula pilosa. 

Perennial herbs and ferns: Geranium sylvaticum, Gymnocarpium dryop-
teris, Hieracium spp., Majanthemum bifolium, Rubus saxatilis, Soli-
dago virgaurea, Trientalis europaea, and Viola riviniana. 

Annuals: Melampyrum pratense. 

Data on changes due to seedling establishment are found in section 
8.1.1, and data on changes in the total population of each species 
are found in section 8.1.2. 
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8.1.1 Seedling establishment and survival 

The occurrence of seedlings and their survival during the investi
gated period were studied. The summarized results are presented in 
tables 3-17. The seedlings were counted monthly during the period 
May - October each year, except in 19 7 3 when counts were made only 
in late August - early September (= September in the tables) and in 
October. Because only monthly counts were made, a number of seed
lings may have germinated and succumbed during the intervening pe
riods, i.e. the seedling numbers recorded are only minimum values 
and the calculated survival values may be much too high. For reli
able survival values counts have to be made about every or every 
second week (own observations, cf. also Sarukhän & Harper 1973). 

In tables 3-17 the species data (numbers of seedlings) have been 
split up. Separate totals are given for seedlings which occurred in 
(1) runways, and those which occurred in areas outside the runways, 
and which were either (2) influenced by rodent grazing, 'grazed 
areas', or (3) not so, 'ungrazed areas'. For details see tables 1 
& 2. 

Year Runways Grazed Ungrazed 

1973 
1974 
1975 
1976 

0 
3.1 
8.0 
4.6 

0.4 
24.5 
32.2 
0 

99.6 
72.4 
59.8 
100. 

Table 2. Mean cover (%) of runways, grazed 
and ungrazed areas in the 46 permanent quadrats. 
Grazed areas also includes disturbances caused 
by burrowing and digging. 

A few remarks on terminology are apposite: 'early summer' includes 
part of spring and means the period from about 20th May - 20th June, 
and 'autumn' includes the latter half of August as well as September 
- October. 

The following sections contain short extracts from the relevant li
terature dealing with the natural regeneration of ground flora spe
cies by seed, together with comments on their seedling occurrence 
in the investigated 1 m^ quadrats. Seedling establishment in chance 
habitats such as tree stumps, or erratic boulders (cf. e.g. 
Pettersson 1930) and in habitats produced or maintained by human 
activity (e.g. ditches along forest roads, scarified patches etc.) 
will not be dealt with here. It should be added that most of the 
below-mentioned species show a regular, but not abundant, seedling 
establishment in the early forest successional stages along the 
Bothnian land-upheaval coast (own observations, see also Kujala 
1926a and Södergård 1935). 

No seedlings of the following perennial species were found in the 
investigated area throughout the four years, viz. Calamagrostis cf. 
lapponica, Gymnocarpium dryopteris, Orthilia secunda, Rubus saxatilis, 
and Vaccinium uliginosum. However, since only single mature plants 
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of these species were present within the permanent quadrats, the 
data are too limited to permit any reliable conclusions being drawn. 
All these species are characterized by their poor seed regeneration 
in mature forest vegetation, and seedlings are only exceptionally 
reported. For details see as follows: Calamagrostis lapponica 
(Söyrinki 1939:17), Gymnocarpium dryopteris (Oinonen 1971:9f), Or-
thilia secunda (Kujala 1926a:96f, Perttula 1941:174, 200-201), Rubus 
saxatilis (Kujala op. cit.:77, Perttula op. cit.:203), and Vaccinium 
uliginosum (Kujala op. cit.:133, Söyrinki op. cit.:334f). 

8.1.1.1 Dwarf shrubs 

Calluna vulgaris 

Seedlings are rarely found in more mature forest stands, but may 
occur locally wherever the bottom layer has been disturbed or is 
poorly developed (Kujala 1926a:37, Perttula 1941:206). Calluna is 
a rapid colonizer by seed on burnt areas (Kujala 1926c:20f, Sarvas 
1937:40, 63 Abb. 8, Gimingham 1972:88ff). Exposure of the seeds to 
short periods of high temperature increases germination success 
(Whittaker & Gimingham 1962). Germination normally occurs during 
the spring-early summer and autumn periods (Perttula 1941:153). 
Bannister (1964) has shown that germination occurs when the water 
content of the site equals or exceeds field capacity. 

In the present material (table 3, fig. 3 in section 8.1.1.4) rather 
few seedlings were noted, but an astonishingly high survival was 
observed, which most probably was due to the long intervals between 
the counts, and the subsequent failure to observe losses among the 
youngest seedlings shortly after germination. Germination mainly 
occurred during late May - early June, exceptally in September. No 
seedlings appeared on undisturbed sites, but Calluna was the only 
dwarf shrub with successful survival outside the runways. 

Empetrum hermaphroditum 

According to Hagerup (1927:1-2, 12) establishment mainly occurs by 
seed dispersal, while E. nigrum mainly spreads vegetatively. In the 
following review both species are dealt with together, as in the 
cited papers. Seedlings have been rarely found in forest vegetation 
and only a few records exist (Kujala 1926a:33-34, 1 case on disturbed 
ground in VT; Sylvén 1906:17 2-17 3, but with no habitat notes). Rege
neration by seed occurs on burnt areas, but only slowly and over a 
long period of time (Kujala 1926c:25-26, Sarvas 1937:40). Germination 
takes place during early summer, but may be prolonged and also occur 
during the autumn (Sylvén 1906:173, Kontuniemi 1932:32, Söyrinki 
1939:311). 

In the present material (table 4, fig. 6 in section 8.1.1.1) rather 
low numbers of seedlings occurred and only on disturbed areas. Al
most all germination took place during the early summer. The highest 
mortality risk occurred, except in the earliest stages of life, in 
the beginning of the growth period during the 2nd year. Seedlings 
were only observed in 197 4, which may indicate that the early summer 
in 1975 was too dry (cf. fig. 2B). 
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Linnaea borealis 

Seedlings are considered to be very rare in nature, and mostly only 
single individuals have been reported (Wittrock 1878:26, 28, Sylvén 
1906:65, Kujala 1926a:44, Kontuniemi 1932:39, Linkola (see Södergård 
1935:49); Perttula 1941:104, 199f reported finding no seedlings at 
all). Kujala's (loc. cit.) 2 seedlings were from sites with a sparse 
or disturbed moss layer. Seedling establishment after forest fires 
has not been reported (Kujala 1926c:27-28, Sarvas 1937:40). The 
above-mentioned is in striking contrast with the results of culti
vation trials (Wittrock 1878:22f) and germination tests (Perttula 
1941:16 8-169, table 21; 59 % germination). However, in a field trial 
over a 6-year period only 2 out of a total of 40 seeds germinated 
during the 2nd year (Perttula loc. cit.). Higher germination and 
seedling establishment rates have been reported however from the 
forest successional stages on newly-emergent land surfaces along 
the shore of the Gulf of Bothnia (Södergård 1935, own observations). 
Germination is reported to take place during early summer (Perttula 
1941:155), which accords with my own findings. 

In the permanent plots I found a rather large number of seedlings 
(table 5), all of which occurred on disturbed ground, almost exclu
sively in runways. An astonishingly high survival was observed 
(table 5, fig. 7 in section 8.1.14). The highest mortality risk was 
observed in the beginning and at the end of the growth period. In 
one quadrat at least, an epizoochorous dispersal evidently occurred, 
by mountain hares. This quadrat was used as a covert in 1974 and 
1975. A large number of seedlings germinated here in 1975 (in the 
runways), but no germination was observed in 1976. Heintze (1912: 
222f) reported epizoochorous dispersal by both mountain hare and 
grouse (Lagopus lagopus (L.)).The frequent dispersal into new quad
rats, observed in 6 cases (table 20), may also be explained in this 
way. 

Vaccinium myrtillus 

Spread by seed is considered to be rare and of little importance 
for species regeneration in general. Seedlings have only been found 
on open ground (Sylvén 1906:127-128, Kujala 1926a:27-28, Perttula 
1941:102, 188-189, cf. also Söyrinki 1939:338f). They are unable 
to germinate in a dense, closed moss cover (Kujala loc. cit., 
Perttula loc. cit.). The latter author found seedlings in HeOT, 
MeLaT and OMT, i.e. on sites with a less well-developed moss cover, 
but not in MT and VT. Natural regeneration by seed on burnt areas 
is minimal, but may occur (Kujala 1926a:19-30, 1926c:23, Kontuniemi 
1932:40, Sarvas 1937:40). Germination is reported to occur during 
early summer and autumn (Perttula 1941:155) but only took place du
ring the early summer in the present material. 

All the seedlings found (table 6) were confined to the runways, 
none appeared in the grazed areas. The highest mortality risk was 
observed in the beginning and at the end of the growth period (fig. 
8 in section 8.1.1.4). The mortality during and close to the germi
nation was mostly dependent on the infraspecific competition within 
the seedling clusters. 
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Vaccinium vitis-idaea 

Seedlings are reported as being very rare in forest vegetation and 
have only been found where the moss cover has been disturbed (Sylvén 
1906 :128-129, Kujala 1926a:15-16, Perttula 1941:102, 205-206. No 
regeneration by seed has been reported after forest fires (Kujala 
loc. cit. & 1926c:23, Sarvas 1937:40). Germination is reported to 
occur during the early summer, but may also occur during the autumn 
(Perttula 1941:155, SÖyrinki 1939:333). 

In the present material rather many seedlings were found (table 7). 
Germination was only observed during the early summer. Seedlings 
were only found on disturbed ground, mainly in the runways. The 
highest mortality risk was observed in the beginning and at the end 
of the growth period (fig. 9 in section 8.1.1.4). The seedling sur
vival values found for V. vitis-idaea were low and of about the 
same order as for V. myrtillus. 

8.1.1.2 Graminids 

Deschampsia flexuosa 

Kujala (1926a:62) considers seedlings to be very rarely found in 
forest vegetation and that vegetative spread normally occurs by 
means of subterranean rhizomes. Perttula (1941:93) only reported ~ 
finding seedlings in MT (O-lO/m^, n=4) and rocky outcrops (4-40/m , 
n=4), and Kontuniemi (1932:36-37) states that regeneration by seed 
is unusual. No instances of seed germination after forest fires 
have been reported (Kujala loc. cit. & 1926c:16-17, Sarvas 1937:39). 
However, both vegetative and seed dispersal are in fact important 
for this species, and regeneration by seed does frequently take 
place even in dense forest vegetation, provided that seeds are pre
sent, as shown by the results of the present investigation. In fact 
D. flexuosa was the species which showed the richest occurrence of 
seedlings. This is also in accordance with the conditions found in 
other habitats, e.g. epilittoral shore vegetation, sand dunes, rocky 
ground etc. 

Seed germination occurs both during the spring and autumn. Autumn 
germination is commoner in more southern regions (cf. Perttula 1941: 
151), and spring germination seems to prevail further north (cf. 
SÖyrinki 1939:24-26). Both germination periods were noted in the 
present area, although autumnal germination was more common, except 
when spells of cold weather prevailed (table 8). Peak germination 
occurred during September - October, immediately after seed disper
sal. According to Nelson & Maclagan (1935) , after-ripening is still 
incomplete 5 months after seed dispersal and is only completed after 
14-15 months. However, their tests were made with seed, which had 
been dried for 1-2 months, so the results may not apply to condi
tions in nature. The large number of seedlings found during late 
July - early August 1973, may however have resulted from a delayed 
germination, following the cold weather in the autumn of 197 2. These 
counts which are not included in table 8 yielded 430 seedlings. 

Germination occurred both in disturbed and undisturbed areas (table 
16) and showed an increased preference for the former after the 
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population crash among the microtine rodents (cf. the seedling num
bers in 1974 and 1974 in table 16). The mortality risk (fig. 10 in 
section 8.1.1.4) seems to be rather high during the first winter. 
However, the results are biased by the fact that the deaths may 
have occurred during the late autumn and the early spring. High 
death rates were also recorded during the spring-early summer and 
during the autumn. None of the seedlings arosen from seed in May 
succeeded to survive during their first year of life. In 197 4 this 
may have been caused by grazing, but in 1975 and 1976 this most 
probably was due to drought periods in early summer. 

Luzula pilosa 

L. pilosa has an excellent regeneration by seed in forest vegeta
tion, as also after forest fires (Kujala 1926a:58, 1926c: 17-19, 
Sarvas 1937:39, Perttula 1941:90-91). Germination may already occur 
at the end of June about 2 weeks after seed dispersal (Cleve 1898: 
36-37), but is usually confined to the autumn period (Perttula 
1941:151), as was the case in the present investigation (table 9). 
Germination was also observed in the spring, or rather, these seed
lings were not observed during the last autumnal count of the pre
ceding year. 

Only a few seedlings appeared in the runways, and these soon suc
cumbed (table 16). Seed germination occurred successfully both in 
the grazed areas and in the dense moss carpet in the ungrazed areas 
(table 16), during periods of humid weather in the autumns. The 
mortality risk is high both during the late autumn and the spring-
early summer (fig. 11 in section 8.1.1.4). The decline in the sur
vival among the seedlings that arose from seed in 1974 is biased 
by the same facts as are the declines for D. flexuosa seedlings 
(see the discussion for that species). 

8.1.1.3 Perennial herbs 

Geranium sylvaticum 

Seedlings have frequently been found in various types of forest 
vegetation (Kujala 1926a: 119-120, Perttula 1941:10). Germination 
may occur after dispersal in August - September (Sylvén 1906:175-
176), but mainly occurs during the early part of the following sum
mer (Söyrinki 1939:280-283, Perttula 1941:155) or even autumn 
(Kontuniemi 1932:25). 

The results from the present material are insufficient to permit 
any definite conclusions being drawn. However, germination occurred 
during both early and late summer (table 10), and both in disturbed 
and undisturbed areas (table 16). Successful survival only occurred 
in 1974. In both 1975 and 1976 the few seedlings observed soon suc
cumbed due to drought periods. 

Hieracium spp. 

Two species are present here: H. umbellatum and one belonging to 
the group Vulgatiformia (cited in the papers mentioned below as 
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H. triviale or Archhieracium). The former only occurred as a single 
shoot, which flowered in 1974. The latter successfully established 
by seed in 1974 (tables 8 & 20). Both species occur with low fre
quency in the investigated ha plots. 

Seedlings of H. umbellatum are reported as occurring in forest ve
getation, but only in small numbers in old forests (Kujala 1926a: 
122, Perttula 1941:105). Kujala also mentions that seedling estab
lishment occurs after forest fires and other vegetational distur
bance. For H. vulgatum coll. Perttula (1941:105) reported a low but 
regular occurrence of seedlings in forest vegetation, while Kujala 
(1926a:122) reported finding only single seedlings. 

The seeds of both species are considered to germinate during the 
early summer (cf. e.g. Sylvén 1906:52, Perttula 1941:156). But ger
mination may also occur during the autumn as shown by the present 
material (table 11). The present material also indicates that H. 
vulgatum coll. regenerates by seed on disturbed sites (cf. Perttula 
op. cit.:168-169). It's seedlings were confined to the most heavily 
grazed quadrats, which were almost devoid of green moss shoots 
(table 16). 

Majanthemum bifolium 

Seedlings have only rarely been observed in forest vegetation 
(Kujala 1926a:69, Perttula 1941:89-90, Oinonen 1971). Regeneration 
by seed occurs both after fires, or on otherwise disturbed sites 
(cf. Oinonen op. cit.:9f). Germination may occur during the spring 
- early summer of the year after seed dispersal (Cleve 1898:35-36), 
but mainly occurs during the following autumn (Perttula 1941:152). 

In the present material only one seedling was observed in August 
1974. It occurred at the edge of a runway, but it had succumbed 
before the September count, (table 12). 

Solidago virgaurea 

Seed dispersal is effective and germination is good, so that seed
lings are often abundant in most vegetation types (Kujala 1926a: 
103-104, Kontuniemi 1932:32, Söyrinki 1939:375, Perttula 1941:104-
105). In dense forests, however, seed-setting is reduced and seed
lings are more rarely encountered (Kujala loc. cit.; cf. also the 
Perttula's (loc. cit.) results with those of Kontuniemi (loc. cit.)). 
Seedlings also appear abundantly after forest fires (Sarvas 1937: 
17). Germination occurs during the early summer (Söyrinki 1939: 
37If, Perttula 1941:156) but may also occur during the autumn 
(Sylvén 1906:29). 

In the present investigation germination was noted only in the early 
summer (table 13). The few seedlings observed appeared in the vici
nity of the preceding year's floral shoots and within areas where 
the moss carpet had been grazed by rodents (table 16). One seedling 
was observed in an ungrazed area, but it succumbed before the follow
ing count. 
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Trientalis europaea 

Only a few reports about the natural occurrences of seedlings were 
found in the literature (Sylvén 1906:122, Kujala 1926a:100-101, 
Söyrinki 1939:342f, Perttula 1941:102, 202-203, Hiirsalmi 1969: 
154-155). In all cases the bottom layer had been disturbed, or was 
only poorly developed. It may be added that in some years seedlings 
are frequent in the uppermost geolittoral on the Bothnian sea shore, 
especially in years following those in which high autumnal water-
levels have occurred. Under such conditions the seeds are readily 
dispersed and the seed clusters do not remain attached to the plants 
during the winter (cf. the occurrence of abundant seedlings reported 
in Hiirsalmi (loc. cit.)). Germination usually occurs during early 
summer (Söyrinki 1939:342f), although Hiirsalmi (loc. cit.) suggests 
that germination may also sometimes occur during the late autumn. 

In the present investigation seedlings were twice found (2 and 6 
seedlings, respectively), which had arisen from seeds which had ger
minated during early June (table 14) on the edges of two of the run
ways (table 16). One runway traversed a Trientalis stand, the other 
runway ran about 20 m away from the nearest stand. One of the seed
lings survived into the following year, but then succumbed. The ger
mination may have been favoured by the high precipitation in 1974 
(see fig. 2B) in connection with the distrubance due to the micro-
tine rodents. 

Viola riviniana 

Abundant natural regeneration from seed, produced by both cleisto-
gamous and chasmogamous flowers, occurs. The latter show somewhat 
higher germination percentages (Perttula 1941:80-81, 97-98). Germi
nation occurs during the early summer (Sylvén 1906:159, Perttula 
op. cit.:155) but may also occur during the late summer (see table 
15). Seedlings were only found within one quadrat, the only one in 
which established V. riviniana plants were present. The vegetation 
in this quadrat had not been disturbed by the microtine rodents 
(table 16), but the moss cover was only poorly developed. 

8.1.1.4 Discussion 

Germination 

When the data for the different years are compared (see tables 3-15 
& 16) it is striking that during 1973 the only seedlings observed 
were those of Deschampsia flexuosa, Luzula pilosa and Viola riviniana 
(for the latter species see table 13). The first two species are the 
only ones which produced new seedlings during each of the 4 years 
that survived into the following year. Among the remaining species 
(viz. Calluna vulgaris, Empetrum hermaphroditum, Linnaea borealis, 
Vaccinium myrtillus, V. vitis-idaea, Hieracium sp., Majanthemum bi-
folium, Solidago virgaurea, and Trientalis europaea) seedlings were 
only observed during one or both of the years 1974 and 19 75. Geranium 
sylvaticum also produced seedlings in 1976. 

For those species with their main germination period during early 
summer, this was mostly restricted to 2-3 weeks in June. Only 
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Calluna had an earlier germination, while Geranium sylvaticum and 
Viola riviniana also germinated in the beginning of July. Only a 
few seedlings were found, which arose from seeds which had germina
ted during late summer and autumn (Calluna vulgaris, Empetrum her-
maphroditum, Geranium sylvaticum, Hieracium sp., and Viola riviniana). 
Death of seedlings were often high during their first few weeks of 
life and were often connected with drought periods during June or 
July. Most 'early-summer germinators1 showed secondary death peaks 
during the autumn and the following spring. Rather small numbers of 
seedlings seemed to succumb during the winter. 

When survival values for the different years of life are compared 
it is found that the seedling survival during the 1st year usually 
amounted to less than 10 %, and of these juveniles about 50-100 % 
survived their 2nd year (data from figures 5, 6, 8, 9). An excep
tionally high survival value was observed for Linnaea: 30 % of the 
1974 seedlings survived into 1975, and 41 % of these survived into 
1976; 38 % of the 1975 seedlings survived into 1976. This was pro
bably due to the failure to record all seedlings during their ear
liest stages of life, but also due to, that the vegetation in those 
quadrats in which Linnaea seedlings did survive, had been seriously 
damaged by rodents. 

For species whose seeds usually germinate during the autumn 
(Deschampsia flexuosa and Luzula pilosa) death appears to occur 
mainly during spring and early summer of the following year. How
ever, the mortality risk during the first autumn is impossible to 
estimate from the present material, but it may be high during the 
late autumn of the germination year as suggested for Luzula pilosa 
in 1973 and 1975 (fig. 11). It should be added that Deschampsia 
flexuosa may germinate so long as the ground remains unfrozen or 
uncovered by snow. Germination may even take place during short 
thaw periods. 

Location 

On comparing the results given in table 16 the following general 
conclusions may be drawn. 

(1) Seeds of dwarf shrubs germinate almost exclusively in the run
ways. Only a few seedlings of Calluna, Linnaea and Vaccinium vitis-
idaea have been observed beyond the runways and then only in the 
grazed areas. Calluna was the only dwarf shrub with successful sur
vival outside the runways. No seedlings were found in the ungrazed 
areas. 

(2) Seedlings of Deschampsia flexuosa and Luzula pilosa occurred 
in both grazed an ungrazed areas. Only a few seedlings were observed 
in the runways. A somewhat higher survival was observed in the gra
zed areas compared with the ungrazed areas. 

(3) For the remaining species there is insufficient material to 
permit any reliable conclusions being drawn. However, all Trientalis 
seedlings and the only Majanthemum seedling were observed on the 
edges of the runways, all Hieracium sp. seedlings and nearly all 
Solidago seedlings were observed within the grazed areas. Geranium 
sylvaticum seedlings appeared in both grazed and ungrazed areas. 
All Viola riviniana seedlings appeared in a single quadrat in which 
these was a very sparse carpet of mosses. 
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1973 
74 
75 
76 

1973 
74 
75 
76 

1973 
74 
75 
76 

1973 
74 
75 
76 

1973 
74 
75 
76 

1973 
74 
75 
76 

1973 
74 
75 
76 

1973 
74 
75 
76 

1973 
74 
75 
76 
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Runways 

1973 1974 1975 1976 

0 3.1 8.0 4.6 

85.5 66.7 66.7 
77.3 83.3 

0 

100 100 100 
0 

0 

99.7 100 100 
100 100 

0 

100 100 100 
100 100 

0 

95.6 100 100 
100 100 

0 

0.2 0 0 
0.9 0 

4.2 

0.5 0 0 
0.9 0 

0 

Grazed Ungrazed 

14.3 0 0 
17.4 0 

0 

1973 1974 1975 1976 1973 1974 1975 1976 

0.4 24.5 32.2 0 99.6 72.4 59.8 100. 

14.5 33.3 33.3 
22.7 16.7 

0.3 0 0 
0 0 

4.4 0 0 
0 0 

11.3 12.0 14.4 
47.9 52.3 

31.6 50.0 40.0 
24.4 30.9 

37.2 46.2 45.5 
0 

100 100 100 
0 

85.7 0 0 
78.2 100 

0 

100 100 100 100 
88.5 88.0 85.6 

51.2 47.7 
95.8 

100 100 100 100 
67.9 50.0 60.0 

74.7 69.1 
100 

0 
62.8 53.8 54.5 

100 0 
100 

4.4 0 
0 

100 100 100 
100 0 

100 

Table 16. The relative distribution, within disturbed (runways, grazed) 
and undisturbed (ungrazed) areas, of seedlings, both initially and in sub
sequent years, expressed as percentage values of the total population for 
each age class. The percentage values of the germination year are based on 
the total seedling population observed during the year as 100 %. The survi
val values refer to the August counts^ For actual numbers see tables 3-15. 
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(4) No seedlings of some species were found during the entire pe
riod, viz. Orthilia secunda, Vaccinium uliginosum, Calamagrostis cf. 
lapponica, Gymnocarpium dryopteris, and Rubus saxatilis. 

It is therefore clear that the disturbance of the ground vegetation 
by microtine rodents is decisive as regards germination intensity 
for most species. This also accords the results of Perttula's field 
trials, where the germination in general was much higher in distur
bed than in undisturbed plots (Perttula 1941:16 2ff). 

Meteorological influence 

In addition to the activities of the microtine rodents the meteoro
logical conditions during the investigated period (see fig. 2A-C) 
may also have influenced the results obtained. 

In 1973, when neither that year's seedlings nor juvenile plants 
from 197 2 (except Viola riviniana; the autumn-germinating species 
will be discussed further below) were seen, the precipitation was 
below average, and a pronounced drought period prevailed during 
most of the summer. In 19 76 similar conditions prevailed, although 
precipitation in June was normal, and no that year's seedlings with 
exception of Geranium sylvaticum and Viola riviniana were seen. 
These conditions may have inhibited germination, or the seedlings 
may have appeared, but thereafter died off so soon that the events 
were not recorded. Nevertheless, even during June 19 76, with normal 
precipitation, no seedlings appeared. 

The very high precipitation which fell during the period June-August 
1974 may have led to an increase in the number of seedlings and 
favoured their survival. But if the precipitation was the determi
ning factor the losses among that year's seedlings should have been 
much higher during 197 5, due to a drought period in July, compared 
with 1974. Some species as Vaccinium myrtillus (fig. 8) and V. 
vitis-idaea (fig. 9) showed higher losses in 1975, but others as 
Linnaea borealis (fig. 7) did not. 

Species whose seeds germinate in autumn (viz. Deschampsia flexuosa 
and Luzula pilosa) germinated most successfully during the autumns 
of 1974 and 1975, which were characterized by above-normal tempera
tures and a delayed snow cover. These conditions were favourable 
for germination even as late as October. The cold autumns of 1973 
and 1976, with below average precipitation, prevented germination 
to a very large extent. 

From the above-mentioned it can be assumed that the meteorological 
conditions alone were not responsible for the absence of early-
summer seedlings in 1973 and 1976 but that they most probably in
fluenced the high seedling numbers observed for the autumn-germi
nating species in 1974 and 1975. Even though the meteorological 
conditions were more favourable for germination during 197 4 and 
1975, it is clear from table 16 that there is also a definite re
lationship between successful germination and the openess of the 
vegetation, i.e. the concentration of sedlings to the runways and 
the rodent-grazed areas. Even Deschampsia flexuosa and Luzula pi
losa show a somewhat higher survival in grazed than in ungrazed 
areas. 
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Figs 5-9. Survivorship of the seedling populations for 
CaHuna vulgaris (fig. 5), Empetrum hermaphroditum (fig. 
6), Linnaea borealis (fig. 7), Vaccinium myrtillus (fig. 
8), and V. vitis-idaea (fig. 9). Percentage survivorship 
data are based on the maximum seedling population as 100 
%. For actual numbers see the tables in section 8.1.1.1. 
The following restriction should be observed. For Calluna 
the data from both runways and grazed areas are included. 
For the remaining species only data from runways are in
cluded. Solid line = 'early summer' population, broken 
line = autumn population. 
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Survival 

Survivorship curves for a number of 'early-summer' and 'autumn' 
germinating species are given in figures 5-9 and 10-11, respectively. 
As already pointed out in the introduction to section 8.1.1 the sur
vival values recorded in this investigation may be much too high. 
But they can be used to illustrate differences in survival between 
different years. 

Among the dwarf shrubs the 1975 seedlings of Linnaea borealis (fig. 
7) and Vaccinium myrtillus (fig. 8) have a higher survivorship than 
the 1974 seedlings if their survival values during their 2nd year of 
life are compared. Also Calluna vulgaris (fig. 5) shows the same 
difference, but the material for the 1975 seedlings is to limited 
(cf. table 3). For Vaccinium vitis-idaea (fig. 9) no differences 
were noted, and for Empetrum hermaphroditum no seedlings appeared 
in 1975 (fig. 6). 

The seedlings of Deschampsia flexuosa (fig. 10) show continuously 
higher survival values during their 2nd year of life for the autumn 
populations arisen from seed in 1973, 1974 and 1975, respectively. 
The seedlings of Luzula pilosa (fig. 11) show only slight differen
ces in survival between the 1973 and 1974 populations. But the 1975 
population has a much more higher survival during it's 2nd year of 
life than the 1973 and 1974 populations. 

If precipitation should have been the determining factor the survi
val values for the 1975 populations should have been lower than 
those recorded for the 1973 and 1974 populations (for precipitation 
values see fig. 2B). The 197 3 populations should have been favoured 
by the rainy summer in 1974 during their 2nd year of life, and a 
much higher percentage of the 1974 populations should have survived 
into 1975. Most probably these increasing survival values are due 
to the decreasing impact (grazing and other disturbances) following 
the population crash among the microtine rodents during the 1974/7 5 
winter (see section 7.1). 

8.1.1.5 Annual species 

Melampyrum pratense is the only annual present in the investigation 
area. It's seeds germinate during the autumn following the disper
sal, i.e. in this area between late August and October, when a hypo-
cotyl, up to 4 cm in length, penetrates into the moss cover. The 
next phase, the development of the cotyledons, takes place during 
the spring. This interesting germination sequence has frequently 
been described and illustrated (e.g. Brundin 1898:11-12 fig. 1, 
Kujala 1926a:89 fig. 54). Since the germination phase of M. pratense 
is not directly observable in the field without damaging the moss 
layer, I carried out a small-scale field experiment to obtain some 
survival values. 

Seeds were collected during August 1974, and divided into replicate 
samples of 100 and 50 seeds. 10 samples, each of 100 seeds, were 
sown on August 30th within 1/16 m^-sized quadrats, situated between 
the 1 ha plots 21J7F 4124 and 4126. This site was chosen on account 
of it's distance away from ant-hills or ant-runs. The nearest detected 
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Year I II III 

1973 - 0 148 (100) 

1974 0 2 (4.2) 46 (95.8) 

1975 1 (0.3) 16 (4.9) 312 (94.8) 

1976 2 (0.3) - 753 (99.7) 

Table 17. Melampyrum pratense - the numbers of established 
individuals in runways (I), grazed (II), and ungrazed (III) 
areas within the 46 permanent 1 quadrats. Data from August 
counts only. Percentage values of the total population are 
given in brackets. Note that no distinction could be made in 
1976 between areas II and III, because the moss cover in II 
had recovered. For the percentage cover values for areas I-III 
see table 2. 

Quadrat no 1 2 3 4 5 6 7 8 9 10 X 

Runway 40 20 25 0 30 0 0 0 0 0 

Grazed 10 40 20 40 5 20 50 0 0 0 

Seedlings 0 3 6 7 14 21 47 78 91 92 35.7 

Dormant 3 0 0 1 0 0 3 7 0 2 1.6 

Disappeared 97 97 94 92 86 79 50 15 9 6 62.7 

Table 18. Melampyrum pratense. Results from the field trials. 
Sowing date 30th August 1974. Seedling counts 7th June 1975. 
100 seeds sown per quadrat. Runway and grazed refer to the 
percentage of the total quadrat area occupied fey microtine 
rodent runways, or where the moss cover had been grazed by 
microtine rodents, respectively. 

A 

Quadrat no 1 2 3 4 5 X 

Germinated 90 94 94 96 98 94.4 

Dormant 10 6 6 4 2 5.6 

B 

Quadrat no 6 7 8 9 10 X 

Seedlings 90 94 96 98 100 95.6 
Dormant 2 0 0 0 0 0.4 

Dead 6 6 2 2 0 3.2 
Disappeared 2 0 2 0 0 

00 o
 

Table 19. Melampyrum pratense. Results from the soil monolith 
trials. Sowing date 31st August 1974. Seedling counts made on 
1st November 1974 (A) and 1st June 1975 (B). 50 seeds sown per 
quadrat. All results expressed as percentages. 
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ant-run was 40 m away. (M. pratense is namely myrmemocochore, see 
Sêrnander 1906 :163ff). Furthermore no M. pratense plants were pre
sent there that summer. These quadrats were all relocated on June 
7th, 197 5, excavated and sifted through. All ungerminated seeds 
were sectioned and examined to see if they were still alive (i.e. 
dormant) or not (i.e. dead). The result is presented in table 18. 

A further 10 samples, each of 50 seeds, were sown on August 31st, 
on excavated soil monoliths, 1/16 m^ in size, with intact vegetation 
and mor layers. These monoliths were transported to Umeå and kept 
outdoors until the following spring. 5 of these samples were coun
ted on November 1st in order to estimate the degree of autumn ger
mination. The remaining samples were counted on June 1st, the fol
lowing year. The result is presented in table 19. 

Most of the seeds sown on the excavated soil monoliths (see table 
19) germinated during the autumn (x=94 %), and in the following 
year the number of emerging seedlings amounted to 96 %. Only few 
seeds remained dormant or had died. The results of the field trials 
(table 18) were much more variable. In quadrats 1-5 survival values 
were very low, whereas quadrats 8-10 showed high survival values. 
The two remaining quadrats, 6 and 7, were intermediate. The numbers 
of dormant seeds were usually low. The most interesting point was 
that a very large number of seeds, 63 % of the original population, 
could not be found again. 

If we assume that ants would not be held responsible for the dis
appearance, although this may be unjustified, the most near expla
nation is that the event was a result of prédation by microtine ro
dents. This view is supported by the fact that quadrats 1-5 (in 
table 18) were those most affected by rodent runways and grazing. 
This interpretation also accords with the fact that in the 1 per
manent quadrats the numbers of M. pratense individuals present in 
1974 and 1975 were much lower in the grazed areas compared with the 
ungrazed areas (see table 17). As the microtine population crash 
took place during the 1974/7 5 winter, I assume that the losses in 
the field trial were due to seed prédation and not seedling préda
tion during the spring. 

The results suggest that the M. pratense populations are heavily 
influenced during the microtine rodent peak years, and that the po
pulation declines are not only dependent on eating of the grown-up 
individuals (see further section 8.1.2.4), but also are a direct 
result of seed prédation. As mentioned in section 7.2.2 seeds may 
constitute a very important part in the diet of Clethrionomys gla-
reolus. 

It should be added that the result of the trials also clearly shows 
that a thick moss cover presents no hindrance to successful germi
nation (cf. Perttula 1941:345), and in consequence M. pratense is 
by no means favoured by microtine rodent activity. 

8.1.1.6 Conclusions 

The results obtained show that for a number of plant species 
some disturbance of the ground cover is a prerequisite for successful 
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germination and seedling establishment, viz. Empetrum, Linnaea, 
Vaccinium myrtillus, and V. vitis-idaea, and to a lesser extent 
Calluna. For a number of species, whose main germination period 
occurs during the autumn a well-developed moss cover presents no 
hindrance to germination, viz. Deschampsia flexuosa, Luzula pilosa, 
and Melampyrum pratense (cf. Perttula 1941:345ff). 

For comments on the remaining species the results of the present 
investigation are insufficient, but it seems probable that for most 
of these, too, both germination and seedling survival were favoured 
by the vegetational disturbance caused by the microtine rodents. 
This can be seen when the numbers of seedlings present in 1974 and 
1975 are compared with the numbers found during the remaining years. 

Despite of the limited amount of data and the shortness of the en
tire observation period, a striking coincidence excists between 

(1) the increase in seedling establishment found in 197 4 and 1975 
and the population peaks for different microtine species in 1973 
and 1974. 

(2) the location of the germination sites and the presence of either 
rodent runways or rodent-grazed areas. 

(3) the differences in seedling survival found in disturbed (runways, 
grazed areas) and undisturbed (ungrazed areas) vegetation. 

As Perttula (1941:345f, 348f, 371) pointed out only a very few spe
cies contribute the bulk of the seedlings observed in 'poor forest' 
types (MT and VT). He mentions Melampyrum pratense and Luzula pilosa 
as the two most important species. For the investigated area yet 
another autumn-germinating species, Deschampsia flexuosa, should be 
included. Even so, both the number and kind of seedlings may be con
siderably increased, wherever the vegetation cover becomes locally 
disrupted, due to the activities of microtine rodents (as well of 
other animals or by human interference). The number of seeds which 
germinate, and seedlings which become established, on such sites is 
perhaps small in relation to the population of a plant species, but 
may be quite important when considered in relation to the renewal 
of ageing stocks and from a genetical point of view. Such local di
versity can and does arise, as shown above, even in closed, mature 
'mor' forest types, in addition to the natural opportunities created 
by windblow, senescence or decay of members of the tree layer. 

8.1.2 Total population changes 

N.B. The net values of eventual seedling establishment are usually 
given in the tables. Numbers of lst-year seedlings are, if included 
in the tables, given in brackets, lst-year seedlings are never in
cluded in the calculation of the total population. All data refer 
to the August counts only. 
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8.1.2.1 Dwarf shrubs 

Calluna vulgaris 

Calluna mainly regenerates by seed (see further details under sec
tion 8.1.1.1). The single stems may attain an age of 21-41 years 
(Keso 1908:42). As the clones grow older the lateral branches become 
procumbent and the centre becomes covered by a dense moss carpet 
(for details on the cyclical process of the Calluna clone in heath-
land vegetation see Gimingham 1972:124ff with further references). 
In mesic mor forests procumbent lateral branches may root adventi
tiously to give rise to new, marginally dispersed, 'individuals' 
(cf. Gimingham 1972:57). To avoid undue quadrat disturbance, all 
shoots which had penetrated through the moss carpet were counted as 
discrete population units. 

The Calluna population declined markedly in numbers in 19 7 4 and 
197 5 (table 21), mainly because young vegetative shoots had been 
bitten-off basally. No loss due to frost damage or drought was re
corded, i.e. no dead brown branches were found. Regeneration by seed 
occurred during 1974 and 1975, which together with vegetative propa
gation in the following year (19 76) resulted in return of the popu
lation level to it's original 1973 level. 

Cover values (table 20, fig. 12) in most quadrats increased some
what in 1975-76, after having remained more or less stable in 1974. 
This increase in cover was due to the increased lateral shoot pro
duction after the main shoot apices had been bitten-off (for details 
see Gimingham 197 2:177-179). 

The changes were above all due to grazing of the youngest shoots by 
mountain hare, which was stated in three of the quadrats, for in
stance both in 197 3 and 197 5 in the single quadrat showing a 5.5 % 
peak in 1974. The extent of any grazing by microtine rodents remains 
uncertain, but the occurrence of basally bitten-off shoots in strong
ly grazed quadrats may suggest that microtine rodents eat Calluna. 

Year 

Original population 

No Decrease 
no % 

Vegetative 
propagation 

No 

Seed 
propagation 

No 

Total population 
Net change 

No No 

1973 35 35 

1974 28 

o
 
0
 

CN 1 1 28 -7 
1975 22 

L
D
 1—1 CN 1 1 6 28 0 

1976 20 -2 -9.5 4 12 36 + 14 

0.0 

+ 50.0 

Table 21. Calluna vulgaris — year-to-year changes in numbers. 
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FREQUENCY COVER 

obs. F% + - 9 
Year no 

'O -sT II no no A% dm A% 

Calluna 1973 15 32,6 21. 80 
vulgaris 74 12 26. 1 0 3 -20 23. 40 +7 

75 10 21.8 0 2 -17 25. 85 +11 
76 9 19.6 0 1 -10 33.95 +31 

Empetrum 1973 15 32.6 47.35 
hermaphrodi tum 74 17 37.0 2 0 0 28.05 -41 

75 13 28.3 0 4 -24 39. 15 +40 
76 12 26.1 0 1 -8 72.20 +85 

Linnaea 1973 26 56.6 99. 45 
borealis 74 30 65. 3 4 0 0 113.95 +15 

75 30 65. 3 2 2 -7 126.10 +11 
76 27 58.7 0 3 -10 170.00 +35 

Orthilia 1973 1 2. 2 0.85 
secunda 74 0 0 0 1 -100 0 -100 

75 0 0 0 0 0 0 0 
76 0 0 0 0 0 0 0 

Vaccinium 1973 46 100.0 2 ,521.00 
myrtillus 74 46 100.0 0 0 0 2 ,055.00 -19 

75 46 100.0 0 0 0 1 ,654.00 -20 
76 45 97.9 0 1 -2 2 ,453.00 +48 

Vaccinium 1973 2 4.4 1.65 
uliginosum 74 2 4.4 0 0 0 0. 50 -70 

75 1 2.2 0 1 -50 0.85 +70 
76 1 2.2 0 0 0 0.95 + 12 

Vaccinium 1973 46 100.0 241.30 
vitis-idaea 74 46 100.0 0 0 0 207.50 -14 

75 46 100.0 0 0 0 221.10 +7 
76 45 97.9 0 1 -2 460.15 +108 

Calamagrostis 1973 1 2.2 0.05 
cf. lapponica 74 0 0 0 1 -100 0 -100 

75 0 0 0 0 0 0 0 
76 0 0 0 0 0 0 0 

Deschampsia 1973 26 56.6 421.70 
flexuosa 74 29 63.1 3 0 +12 171.15 -60 

75 28 60.9 1 2 -3 259.50 +52 
76 30 65.3 2 0 +7 356.25 +37 

Luzula 1973 9 19.6 6.05 
pilosa 74 9 19. 6 1 1 0 2.95 -51 

75 12 26.1 3 0 + 30 12.55 + 324 
76 10 21.8 1 3 -17 17 .00 +35 
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FREQUENCY COVER 

Year 
ODS . 
no 

r -s 
(n=46) 

T 

no no A% .. 2 dm A% 

Geranium 1973 2 4.4 5.95 
sylvaticum 74 2 4.4 0 0 0 6.45 +8 

75 2 4.4 0 0 0 11.00 +70 
76 2 4.4 0 0 0 24.50 + 123 

Gymnocarpium 1973 1 2.2 25.00 
dryopteris 74 1 2.2 25.00 0 

75 1 2.2 0 0 0 25.00 0 
76 1 2.2 0 0 0 25.00 0 

Hieracium 1973 1 2.2 0.35 
spp • 74 2 4.4 1 0 + 100 0.50 + 43 spp • 

75 2 4.4 0 0 0 0.50 0 
76 2 4.4 0 0 0 0.70 + 40 

Majanthemum 1973 4 8.7 7. 55 
bifolium 74 3 6.6 0 1 -25 12.35 +64 

75 2 4.4 0 1 -33 19.50 + 58 
76 2 4.4 0 0 0 40.00 +105 

Rub us 1973 1 2.2 15.00 
saxatilis 74 1 2.2 0 0 0 15.00 0 

75 1 2.2 0 0 0 9.50 -37 
76 1 2.2 0 0 0 6.50 -32 

Solidago 1973 4 8.7 3.25 
virgaurea 74 2 4.4 0 2 -50 0.90 -72 

75 1 2.2 0 1 -50 0.45 -50 
76 1 2.2 0 0 0 0.95 + 111 

Trientalis 1973 3 6.6 3.55 
europaea 74 2 4.4 0 1 -33 3.65 + 3 

75 2 4.4 1 1 0 6.55 +79 
76 1 2.2 0 1 -50 15.00 + 129 

Viola 1973 1 2.2 25.00 
riviniana 74 1 2.2 0 0 0 25.00 0 

75 1 2.2 0 0 0 25.00 0 
76 1 2.2 0 0 0 25.00 0 

Melampyrum 1973 7 15. 3 12.45 
pratense 74 10 21.8 4 1 + 43 5.85 -54 

75 18 39 .2 8 0 +80 17.45 + 201 
76 23 50.0 8 3 + 28 156.50 +796 

Table 20. Vascular plants - year-to-year changes (1973-76) in 
quadrat occurrences (obs. no), frequency percentage (F) and cover 
sum for the 46 1 m^ quadrats. 
Increase (+), decrease (-) and net change (A) compared with the 
preceding year. 
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Fig. 12. 
Calluna vulgaris - cover 
values for the individual 
1 m2 quadrats plotted at 
1 % intervals. 

Fig. 13. 
Empetrum hermaphroditum - cover values 
(%) for the individual 1 m2 quadrats. 
A - plotted at 10 % intervals. B - the 
quadrats with < 10 % values in A re-
plotted at 1 % intervals. 

Empetrum hermaphroditum 

In all cases where flowering or fruiting shoots were observed, these 
belonged to E. hermaphroditum. In mesic forest vegetation the pro
cumbent, creeping stem becomes soon covered by mosses. Empetrum was 
only seen as small groups of shoots, probably derived from the dis
solution of the clones. Counts refer to the numbers of shoots which 
emerged from the moss cover. 

The results are shown in table 22. A slight decline in numbers in 
1974 and 1975 was followed by an increase in 1976, which was due to 
vegetative reproduction by already extant clones. Establishment from 
seed was only recorded in 1974, of which 4 and 3 survivors were 
found in 1975 and 1976, respectively. However, this means that 4.2 
and 2.9 %, respectively, of the total population consisted of juve
nile plants. 

During grazing the voles bite off the leaf-bearing shoots and eat 
the leaves (cf. O. Kalela 1957:50 for Clethrionomys rufocanus) , pre
ferably the annual shoots. This probably explains the marked decline 
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in cover values (table 20, fig. 13) recorded during 1974 and 1975, 
as well as the rather low cover value in 1973. During 1975 and 1976 
(especially) a marked increase in 'annual shoot' production was ob
served, which led to an 85 % increase in cover compared with the 
1975 value. A limited grazing of Empetrum by voles, in mountain 
birch forest vegetation, is reported by 0. Kalela (op. cit.:49). 
Where only small, leaf-bearing shoots of Empetrum are present above 
the moss cover, grazing may lead to shoot extermination. 

The vegetative population Seed Total population 
propa-

Net change Increase Decrease gation Net change 
Year No No % No % No % No No % 

1973 110 110 

1974 103 -7 -6.4 1 0.9 8 7.3 (46) 103 -6.4 

1975 91 -12 -11.7 2 2.0 14 13.6 4 95 -7.8 

1976 98 +7 +7.7 10 

o
 

i—i «—i 

3 3.3 3 101 +6.3 

Table 22. Empetrum hermaphroditum — year-to-year changes in 
numbers. 

Linnaea borealis 

Thorough descriptions of the shoot system are given by Wittrock 
(1878-79: 30ff) and Keso (1908:46f), to which I refer for termino
logy. Linnaea is a perennial with a creeping main shoot, which cea
ses growing during the late autumn with the formation of a terminal 
winter bud, which begins to develop the following spring, viz. the 
rejuvenation shoot. Orthotropic lateral shoots arise from the leaf 
axils of the main shoot. These reach a length of about 1 mm by the 
late summer, and are about 5 mm long by the following spring just 
prior to shoot elongation. These shoots develop into either assimi
lation shoots, which reach a length of about 2-8 cm during their 
first year, or into floral shoots, which have a vegetative, basal 
part of 1-3 cm in length. The assimilation shoots may also act as 
reserve shoots if the main shoot subsequently succumbs for some rea
son or other. Because of this mode of growth Linnaea often forms 
dense carpets. The main shoots usually reach an age of 5-8 years, 
but may survive 10-14 years before dying-off (Keso op, cit.:46, cf. 
also Wittrock 1878:19). The lateral shoots survive 3-4 years (Keso 
loc. cit.). 

A meaningful population study ought to involve counts of each of 
these three shoot types including the numbers of leaf pairs on the 
rejuvenation shoots, which together constitute the total population. 
However, since the shoot counts were made in August, it proved ex
tremely difficult to distinguish the exact numbers of assimilation 
shoots half-buried in the very dense moss carpet, without disturb
ing rest of the quadrat vegetation. The values obtained, therefore, 
are rather uncertain, except for the 9 permanent quadrats, within 
each of which 4 successive 1/16 m^ sub-quadrats were counted. 
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Linnaea frequencies remained more or less constant throughout the 
investigation period (see table 20), and no changes due to spread 
of vegetative propagules were noted. All frequency changes were due 
to seed regeneration, which was noted in 6 quadrats, although only 
in 1 of these particular quadrats did any survive so long as 1976. 

The annual total cover values, for all the quadrats taken together, 
show a continually increasing trend. The value for 19 76 being 71 % 
higher than that of 197 3. Fig. 15 shows, however, that this increas
ing trend does not hold for all the quadrats (N.B. Linnaea cover 
values are difficult to estimate, but changes of > 1 % scale units 
are reliable, cf. appendix 1). For most of the quadrats the cover 
values remained relatively constant in 197 3 and 1974, either increa
ses or decreases being very slight. Thereafter slight increases were 
registered in 1975 and still more marked ones in 1976. 
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Fig. 15. Linnaea borealis - cover values (%) for the individual 
1 m^ quadrats. A - plotted at 10 % intervals. B - the quadrats 
with < 10 % values replotted at 1 % intervals. 

When interpreting the changing cover values we must be clear about 
what 1 cover1 really means. For Linnaea it means the vertical pro
jection of the leaves on the lateral shoots and to a less extent 
the vertical projection of the leaves on the rejuvenation shoots. 
A change in cover may be interpreted in three ways: (1) as indica-
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ting a change,in the numbers of all three shoot types, (2) indica
ting a change in the numbers of leaves present on the shoots, (3) 
indicating a change in the size of the leaves. In consequence chan
ges in cover values alone can not be used for making any detailed 
interpretation in the absence of other data. 

The results of the shoot counts are given in tables 23 and 24. A 
regular increase in the number of rejuvenation shoots occurred 
throughout each years (table 23), while the lateral shoots were 
constant in number the first two years, thereafter increasing strong
ly (table 24). Because the lateral shoots develop from the leaf ax
ils of the rejuvenation shoot, the number of leaf pairs which they 
bear provide a fairly good estimate of the number of lateral shoots 
that may be expected to develop the following year. If we assume 
that one lateral shoot arises per pair of leaves (cf. e.g. Keso 
1908:47) the expected numbers of lateral shoots produced during 1974, 
197 5 and 1976 should have been 113, 153, and 251, respectively 
(based on data in table 23). The values found were 37, 111, and 238, 
respectively (see table 24), which yield the following survival va
lues of 32.8, 7 2.6, and 94.9 %, respectively, (it should be added, 
however, that two lateral shoot primordia are laid down per leaf 
pair during the preceding year (cf. Keso loc. cit.), but usually 
only one of these develops so I have based my calculations upon this 
assumption. Only occasionally do both shoots develop (cf. Keso loc. 
cit.), most often when floral shoots are produced. The survival va
lues reported here should therefore be halved.) 

The results may be interpreted in three ways: 

(1) That the meteorological conditions during 1972 and 19 73 were 
unfavourable for the development and survival of lateral shoots, 
vide the below-normal precipitation values shown in fig. 2B. 

(2) That grazing by microtine rodents, which led to a diminution in 
the moss cover, enabled increased survival to occur. 

(3) That the changes were due to microtine rodents eating Linnaea. 

The first hypothesis may be rejected, on the grounds that the shoot 
survival values for the summer of 1974, with a much above-normal 
precipitation (see fig. 2B), did not deviate from those of the other 
years. Although survival values and the numbers of shoots formed in 
1974 were higher compared with preceding years, they were lower than 
those of the following year. Instead a continously increasing trend 
in numbers and survival was observed throughout the years (table 24). 

The second hypothesis seems more reasonable, for the following rea
sons. On mesic sites a creeping main stem rather rapidly becomes em
bedded (overgrown) in the moss layer, only the rejuvenation shoot 
remaining exposed on the moss surface. These, in turn, are often 
overcovered by the mosses, to a depth of a couple of cm, already the 
following year. This leads to lower survival values for the first-
year lateral shoots. This was checked by making thorough counts of 
first-year lateral shoots in June 1976 of 2 samples, each composed 
of 200 leaf pairs. One sample was derived from dry, dwarf-shrub type 
of forest, with Vaccinium vitis-idaea dominant, Linnaea creeping on 
the moss surface, and a thin moss carpet. The other sample derived 
from a mesic, dwarf-shrub type of forest, with dominant Vaccinium 
myrtillus and sparse Linnaea embedded in the dense moss carpet. The 
first sample yielded a survival rate of 99 % the second of 23 %. In 
each case it was assumed that one lateral shoot is produced per pair 
of leaves. 
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Year 1973 1974 1975 1976 

I (no) 21 27 33 34 

% increase 28.6 22.3 33.4 

II (no) 113 153 251 256 

III (no) 5.4 5.7 7.6 7.5 

Table 23. Linnaea borealis - nos of rejuvenation shoots (I), nos of 
pair of leaves present on the rejuvenation shoots (II), and the mean 
value of leaf pairs per rejuvenation shoot (III, calculated as the 
ratio of II: I). 

Year 1973 1974 1975 1976 

total population 89 90 147 320 

increase, no 1 57 173 

d:o % 1.2 63.4 117.7 

1973, >1st year 56 32 9 0 
1973, 1st year 33 21 12 4 

1974, 1st year 37 15 9 

1975, 1st year 111 69 

1976, 1st year 238 

floral shoots 5 0 3 54 
1st year shoots 
in % of total 
population 37 41 76 74 

Table 24. Linnaea borealis - numbers of lateral shoots (both assi
milating and floral shoots) and the numbers of floral shoots pro
duced during the period 1973-1976. lst-year shoots are lateral 
shoots arising from the leaf axils of the rejuvenation shoot. These 
primordia are laid down during the preceding year, but the counts 
were made during their first year of growth. 
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Fig. 15. Linnaea borealis - lateral shoot survival values. 

• the original population, shoots > 1 year-old in 1973 

* 197 3-year population (shoot primordia laid down in 1972) 

¥? 1974-year population (d:o in 1973) 

A 1975-year population (d:o in 1974) 



60 

In the first sample, in 18 cases, two lateral shoots had developed 
from the same pair of leaves, all these were floral shoots. Only 
single lateral shoots were found in the second sample. This result 
supports the idea that a dense moss carpet, together with a dense 
field layer, form a hindrance for the survival of the lateral shoots 
of Linnaea. These results should be compared with the results ob
tained from the permanent 1/16 m2 quadrats, and they support the 
hypothesis that the higher survival values found in 1975 and 1976 
were due to the decreased vitality (competition) of the surrounding 
mosses in 1974 and 1975. 

The third hypothesis that the changes are due to voles foraging on 
Linnaea can not be rejected. The lower survival rate in 1975 (72.6 %) 
compared with 1976 (94.9 %) (for data see table 24) may have been 
due to grazing during the 1974/75 winter. I saw signs of foraging 
(bitten-off lateral shoots) both in 1974 and 1975. 0. Kalela (1957: 
46) also reports foraging on Linnaea by Clethrionomys rufocanus. 
This was most evident in 1975 in the two quadrats which increased 
in cover 1974 and declined in 1975 (from 8.5 to 6.5 % and from 23 
to 15%). However, I did not succeed to receive any reliable counts 
from these quadrats. 

The numbers of floral shoots produced may also reflect grazing in
tensity (table 24), e.g. I have myself observed C. glareolus biting 
off floral shoots and 0. Kalela (1962:15f) stresses the preference 
of voles for floral shoots. Furthermore developing plant parts are 
usually preferred to mature ones (Kalela loc. cit.). This may have 
caused the lower survival rate of the 1974 shoots in 1975, which 
showed a 20 % lower survival rate than that of the 2-years old 
shoots in the same year (see fig. 15). The lateral shoots of Linnaea 
are reported to remain alive for 3-4 years (Keso 1908:46), which 
also is supported by the results shown in fig. 15). No marked dif
ferences in survival rates were found between the different years, 
with the exception of the above-mentioned case. This indicates that 
Linnaea is not one of the species most preferred by foraging voles. 
However, a sufficient number may be grazed to produce a decline in 
lateral shoot survival, and the numbers of floral shoots are quite 
obviously reduced. 

The above-mentioned results from the 36 sub-quadrats may be compared 
with the results obtained from distance estimates in the 1 m2 quad
rats (see fig. 16). The estimates were made on the creeping main 
shoots and the rejuvenation shoots. As can be seen from this figure 
distance estimates are extremely difficult and the reliability of 
the results can be questioned. However, the general increase in 1976 
seems to support that an increased shoot production occurred after 
the population crash among the microtine rodents in the 1974/75 
winter, and may subsequently support the results from the above-
mentioned counts. 

The most important consequences for Linnaea of the activities of 
the microtine rodents were the positive effects on seedling survival 
(see section 8.1.1.1) and on lateral shoot survival caused by the 
decrease in moss cover during 1974 and 1975. 
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Fig. 16. Linnaea borealis - distance values (cm) from the permanent 
1 m2 quadrats. 

Vaccinium myrtillus 

V. myrtillus is a perennial, which spreads by an extensive rhizome 
system. Tillers are formed from either the orthotropic shoot or from 
axillary buds on the rhizome (for a morphological description see 
Flower-Ellis 1971:Iff). The young tillers may appear above ground 
already during their first year, but can remain subterranean for up 
to four or more years (Keso 1908:19). The tiller has been counted 
as the basic unit, i.e. the 'individual1, of the population (cf. 
Flower-Ellis op. cit.:X). 

2 Tiller counts were made in 46 quadrats, each 1/16 m . The total po
pulation showed a marked decline in 1974 and 1975, followed by an 
increase in 1976, although only recovering to 71 % of the 1973 po
pulation level (for details see table 25). A more detailed picture 
is obtained if the data are split up to show the amount of annual 
recruitment and disappearance of tillers for each separate year. 
Within the latter group a distinction has been made between ' still 
extant but dead1 and 'vanished* tillers. 'Still extant but dead" 
(in the following text named 'dead') tillers constitute a measure 
on the intrinsic (age-depending) decline in the population. 
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Original Net Increase Dead Vanished Total decrease 
Year po pulation ch ange (dead + vanished) 

no * no % no % no % no % no % 

1973 1,283 37 

1974 1,035 -248 -19.4 34 2.7 123 9.6 159 12.4 282 22.0 

1975 805 -230 -22.3 80 7.8 97 9.4 213 20.6 310 30.0 

1976 911 +106 +13.2 143 17.8 21 2.6 7 0.9 48 6.0 

Table 25. Vaccinium myrtillus - the total nos of 'individuals' 
(tillers) in the total population and the year-to-year changes (both 
actual nos and the percentage change in relation to the total popu
lation of the preceding year). The summed data from the 46 1/16 m^ 
quadrats. 'Dead' refer to 'still extant but dead' tillers. 

YEAR 

1973 1974 1975 1976 

Population 

1973 1,283 1,001 714 681 

Decrease 282(22.0) 287(28.7) 33(4.7) 

1974 34 11 10 

Decrease 23(67.7) 1(9.1) 

1975 80 77 

Decrease 3(3.8) 

1976 143 

Total population 1,283 1,035 805 911 

Table 26. Vaccinium myrtillus - the annual decline in the original 
197 3 population and in the recruitment of new tillers during subse
quent years. Data refer to nos. The percentage decrease, compared 
with the numbers present during the preceding year, are shown in 
brackets. The summed data from the 46 1/16 m^ quadrats. 
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'Vanished1 tillers constitute a measure on the numbers of tillers 
which have been bitten off and carried away or eaten by microtine 
rodents. The older tillers were usually removed 2-5 cm above ground-
level, the younger ones usually at ground-level. It should be noted 
that the youngest tillers, which only rose about 5 cm above ground-
level, may have decayed, or been accidentally broken off, (after 
their natural death) and in consequence have been incorrectly clas
sified as 'vanished1. Their numbers were so limited, however, com
pared to the total number of 'vanished' tillers, that no bias has 
been caused. 

Table 25 shows that high values for both 'vanished' and 'dead' were 
recorded both 19 74 and 1975, but only low values in 1976. Few 'dead' 
tillers were recorded in 1973, too. Between 1974 to 1976 there was 
a continuous increase in recruitment of young tillers, viz. 2.7, 
7.8 and 17.8 %, respectively. The numbers of 'vanished' tillers, 
which reflect the extent of grazing pressure by the voles, reached 
their highest values following the two peak vole years. 

The increase in the numbers of 'dead' tillers (table 25) recorded 
during 19 74 and 1975, compared with the other two years, may be 
seen resulting from the underground damage to the rhizome system 
caused by the microtine rodents when digging their holes and making 
runways. The rhizome systems were often laid bare and the 'dead' 
tillers were often concentrated thereabouts. V. myrtillus was vir
tually exterminated within the runways as well as in their surroun
dings. It should be added that no deaths among the tillers due to 
any cold damage as a consequence of an insufficient snow cover 
during mid- and late winter (see Havas 1966, 1971) could be ascer
tained. 

The year-to-year changes in recruitment of new individuals may be 
interpreted in two different ways. 

(1) as dependent upon rodent grazing 
(2) as dependent upon the diminution of infraspecific competition 
among the youngest tillers which are still subterranean, produced 
by decline in the total population. 
The annual recruitment and survival values for the different age-
classes are shown in table 26. The recruitment of 1974 declined by 
67.7 % into 197 5, while the recruitment 1975 declined by only 3.8 % 
in the following year, 1976. This difference is very probably due 
to changes in grazing pressure. The total recruitment values show 
an increasing trend from 197 3 to 1976, which may be interpreted as 
either due to (1) a steady decrease in grazing pressure upon the 
youngest tillers, thus preventing their emergence above ground du
ring the first years, or (2) it can be interpreted as representing 
an indirect effect of the grazing pressure exerted upon the origi
nal 197 3 population, which decreased by 22.0 and 26.7 % in 1974 and 
197 5, respectively, resulting in increased recruitment of young 
tillers. 

To show how the V. myrtillus population has been influenced by the 
voles I have calculated the survival of the 19 73-year population 
in the following different ways: 

(1) on basis of the original population value, including both 'dead' 
and 'vanished' tillers 
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(2) d:o, but including only the 'dead1 tillers 

(3) d:o, but assuming that there was a similar percentage of 'dead1 
tillers among the 'vanished1 population fraction as were present 
among the 'extant1 population. This value approximates, I suppose, 
closer to the intrinsic decline due to shoot senescence. 

The calculated values are given in table 27 and as survival curves 
in fig. 17. The results have been compared with the 'half-life1 
(see Harper 1967) ranges for V. myrtillus tillers reported from 
central Sweden by Flower-Ellis (1971:45), viz. 4.8, 5.5, 6.5, and 
7.3 years. As is seen from fig. 17, the survival values, as calcu
lated by methods (2) and (3) fall fairly well within, or at least 
close to, the survival ranges given by Flower-Ellis (loc. cit.). 
However, the decrease in the total population, as calculated by me
thod (1), is much more than the least value given by Flower-Ellis. 
This indicates that the vole activity may have a strong effect on 
the survival of a V. myrtillus population, at least locally. The 
consequence is below-normal population 'half-life', leading to a 
more rapid turnover of the 'individuals' (tillers) forming the po
pulation. 

Year 1973 1974 1975 1976 

Total population (no) 1,283 1,001 714 681 

Dead, observed (no) 37 123 97 51 

Dead, calculated (no) - 153 123 52 

Survival (1), % 100 

00 

1 55.7 53. 1 

Survival (2), % 100 90. 5 82.9 

i—i 00 

3 

Survival (3) , % 100 00
 

00
 

3 " 7ik7 74. 6 

Table 27. Vaccinium myrtillus - annual survival values for the 
1973-year population (1283 tillers) calculated in different ways. 

(1) on basis of the original population value, including both 'dead' 
and 'vanished' tillers 

(2) d:o, but including only 'dead' tillers 

(3) d:o, but assuming that there was a similar percentage of 'dead' 
tillers among the 'vanished' population as among the 'extant' 
population. 

The cover values declined markedly in 1974 and 1975, followed by a 
rapid increase in 1976, to a level slightly higher than that of 1973 
(table 20 and fig. 18). The mean cover value of the 46 quadrats was 
significantly lower in 1975 compared with the other years (p>0.05, 
see fig. 18C). 
This decrease-increase fluctuation was clearly reflected in 26 quad
rats, less clear in 12 quadrats (clear cover decline in 1975, only). 



65 

% 

100 

50-

14 
YEAR 

Fig. 17. Vaccinium myrtillus - annual survival values for the 
1973-year population calculated in different ways. In all cases 
the original population = 100 %. 

• overall decrease; survival (1) in table 27 

• when including 'dead1 stems only; survival (2) in table 27 

* the assumed intrinsic decline; survival (3) in table 27 

Dotted lines indicate the extremes of the 'half-life1 values repor
ted by Flower-Ellis (1971). 

Values remained constant in 6 quadrats, continuously increased in 
1 quadrat, and continuously decreased in 1 quadrat (here V. myrtillus 
disappeared entirely in 1976). Decreased cover values were due to 
grazing voles, which bit-off both tillers and the youngest shoots 
in the dwarf-shrub canopy. The latter were due wholly to grazing by 
the climbing species Clethrionomys glareolus. The subsequent increase 
in values in 1976 was due to (1) that the annual shoot production was 
not foraged and (2) that the youngest tillers began to branch. 
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Fig. 18. Vaccinium myrtillus - cover values (%) for the individual 
1 m2 quadrats. A - plotted at 10 % intervals » B - the quadrats with 
< 10 % values in A replotted at 1 % intervals. C - mean cover value 
(%) (middle line) for the 46 1 m^ quadrats. Top and low lines gives 
the 95 % confidence limits. 

The frequency values (table 20) remained constant throughout the 
period, showing that even though vole grazing may be important for 
the population 'turnover1, the proportion of the species in the ve
getation remains constant. However, the extermination from one quad
rat, with a cover value of 55 % in 197 3, indicates that V. myrtillus 
may be strongly influenced by vole activities also in this respect. 

The dynamics of the present V. myrtillus population may be characte
rized as follows: there is an increased loss of the original tiller 
population, with a low recruitment during peak vole years, followed 
by an increased recruitment of new 'individuals' during the low 
years. V. myrtillus is a favourite food of C. rufocanus, which bites 
off whole tillers before eating (ef. O. Kalela 1957:49f) and of C. 
glareolus, which feeds on the youngest shoots, buds, leaves, flowers, 
and berries. 
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Vaccinium uliginosum 

V. uliginosum as a perennial which spreads vegetatively by rhizomes. 
New 'individuals', viz. the orthotropic, above-ground, tillers, 
arise only rarely and then only from the upper part of the rhizome 
(Keso 1908:24). 

The original population consisted of two tillers, one of which was 
later bitten-off 5 cm above the ground-level (as described by 0. 
Kalela 1957:51 fig. 13; see section 7.2.3) and in consequence died. 
The material is obviously too limited for anything to be said about 
the extent to which V. uliginosum may be influenced by voles. How
ever, 0. Kalela (op. cit.:49) reported a high winter utilazation 
(14-36 % of edible parts) by Clethrionomys rufocanus. 

Vaccinium vitis-idaea 

V. vitis-idaea is a perennial, with a creeping subterranean rhizome 
which produces frequent tillers. These usually remain subterranean 
for a year or more before they or their lateral shoots, emerge above 
ground (Keso 1908:27). Only such above-ground shoots have been coun
ted as representing the individual population units. 

2 The tòtal population (from 46 1/16 m quadrats) decreased marked 
during 1974 and 1975, followed by an increase in 1976 to a value of 
94.1 % of the initial (1973) population value (data in table 28). 
The net decrease during 197 4 and 19 75 was due to substansial loss 
of existing 'individuals' (17.2 and 17.6 %, respectively) and a low 
recruitment of new 'individuals' (2.6 and 8.9 %, respectively). The 
increase in 1976 was due to a reduction in losses (6.7 %) and a very 
strong recruitment (27.1 %). Loss of 'individuals' arises from the 
biting-off of leaf-bearing shpots by voles (e.g. as described by 0. 
Kalela 1957:50) and affects both older and younger 'individuals'. 
However, such foraging did not always lead to the death of the 'in
dividual' , since new shoots were frequently produced if the shoot 
primordia on the basal part of the tiller still remained alive. 
Such shoots have not been included in the recruitment group, but 
are indirectly evidenced by the marked increase in cover values 
found in 1976 (fig. 29). 

To what extent voles forage on the youngest 'individuals', i.e. the 
recruitment, is uncertain. The values given in tables 28 and 29 show 
that a very low annual recruitment occurred during each of the two 
years after a vole peak year. As pointed out for V. myrtillus, this 
may be due to either increased recruitment due to reduction in in-
fraspecific competition, or in grazing pressure. The above values 
may be compared with the recruitment and mortality values reported 
by Teär (1972:7, table 4) from dry dwarf-shrub type, viz. 8.3-28.6 & 
(x=17.3, n=7) and 10.2-27.2 % (x=16.8 %, n=3), respectively. However, 
the comparison is biased by the fact that his data were derived from 
a different forest-site type. The Pyttisberget values (tables 28 and 
29) in part deviate considerably from those cited above, in particu
lar the recruitment value for 1974, which may have been marked re
duced by microtine rodent grazing and the mortality during 1976, 
which was only 6.7 %. Otherwise some similarity exists. 

As for V. myrtillus the decline of the original (1973) population 
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Net Decrease Total decrease 
Year Tot al no change Increase Dead Vanished (dead + vanished) 

no % no % no % no % no % 

1973 ^01 48 

1974 428 -73 -14.6 13 2.6 4 0.8 82 16.4 86 17.2 

1975 391 -37 -8.7 38 8.9 5 1.2 70 16.4 75 17.6 

1976 471 +80 +20.5 106 27.1 25 6.4 1 0.3 26 6.7 

Table 28. Vaccinium vitis-idaea - year-to-year changes, both actual 
nos and the percentage change in relation to the preceding year. 
The summed data from the 46 1/16 m^ quadrats. 'Dead1 refer to 'still 
extant but dead ' individuals'. 

YEAR 

1973 1974 1975 1976 

Population 

1973 501 415 347 322 

Decrease 86(17.2) 68(16.4) 25(7.2) 

19 74 13 6 6 

Decrease 7(53.9) 0(0) 

1975 38 37 

Decrease 1(2.6) 

1976 106 

Total population 501 428 391 471 

Table 29. Vaccinium vitis-idaea - the annual decline in the original 
1973 population and in the recruitment during subsequent years. Data 
refer to nos. The percentage decrease, compared with the numbers pre
sent during the preceding year are shown in brackets. The summed data 
from the 46 1/16 m^ quadrats. 

has been calculated in different ways: 

(1) on basis of the original population value including both 'dead1 
and 'vanished individuals' 

(2) d:o, but only including 'dead individuals' 

(3) d:o, but assuming an annual percentage mortality of 9.6 % 

(4) d:o, " " " " " " " 6.4 % 

(1) & (2) are identical with, while (3) & (4) are different from, 
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the calculations made for V. myrtillus. The reason for the deviant 
calculation is that the numbers of 'dead individuals1 present in 
1974 and 1975 were too low. 

If we instead assume that for an ungrazed population recruitment 
and death, due to senescence, balance one another, we can take the 
numbers of standing dead 'individuals1 observed in 1973 (i.e. those 
which had died after the preceding vegetation period, older dead 
•individuals1 were excluded), and in 1976, which had died after 1975. 
This is justified as the Clethrionomys glareolus population in 19 73 
foraged mainly on the flowers, only, and as 19 75 and 1976 were vole 
low years. The numbers of dead individuals amounted to 48 and 25 in 
1973 and 1976, respectively (see table 28), which should mean an 
annual mortality of 9.6 and 6.4 %, respectively (calculated on the 
total population present in 1973 and 1975, respectively; for data 
see table 28). 

The values for the different calculations are shown in table 30 and 
fig. 19, which also shows the ages attained by the 'individuals1 
reported by Keso (1908s20). The data show that the assumed natural 
decline (calculated by methods (3) and (4) approximates to the higher 
longevity lvalues reported by Keso (loc. cit.) for calculation (3), 
but that calculation (4) gives a much higher longevity as does cal
culation (2), too. The observed decline also corresponds fairly well 
with the age structure of a V. vitis-idaea population investigated 
by Teär (1972:8, 25 fig. 6), namely an age range of 1-11 years and 
a mean age of 4-5 years for the 'individuals'. 

Year 1973 1974 1975 1976 

Total population (no) 501 415 347 322 

Dead, observed (no) 48 4 5 25 

Dead, calculated as (3) (no) 48 44 39 

d:o, as (4) (no) 32 30 28 

Survival (1) , % 100 82.8 69.3 64.3 

Survival (2) , % 100 99.2 98.2 93.2 

Survival (3) , % 100 90.4 81.6 73.9 

Survival (4) , % 100 93.6 87.6 82.0 

Table 30. Vaccinium vitis-idaea - annual survival values for the 
1973-year population calculated in different ways. 

(1) on basis of the original population value, including both 'dead' 
and 'vanished individuals' 

(2) d:o, but including only 'dead individuals' 

(3) d:o, but assuming an annual percentage mortality of 9.6 % 

(4) d:o, but assuming an annual percentage mortality of 6.4 %. 



70 

% 

100 

50 -

YEAR 

Fig. 19. Vaccinium vitis-idaea - annual survival values for the 
1973-year population calculated in different ways. In all cases 
the original population = 100 %. 

• overall decrease; survival (1) in table 30 

* when including 'dead1 stems only; survival (2) in table 30 

^ calculated as survival (3) in table 30 

A calculated as survival (4) in table 30. 

Dotted lines indicate the extremes of age reached by the tillers 
according to Keso (1908:28). 

The conclusions which can be drawn are: 

(1) that the observed decline of the 1973 population is due to gra
zing 

(2) that a considerable proportion of the oldest 'individuals1 have 
been foraged, which is indicated by the very slight decrease in cal
culation (2) 

(3) that any 'natural1 decline cannot be obtained from the above 
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values, with the exception of that the results support the hypothe
sis that the longevity in mesic dwarf-shrub vegetation might be 
higher than in dry dwarf-shrub vegetation (cf. Teär's data cited 
above). 

(4) that the annual mortality in a population may differ even if 
not subjected to microtine rodent grazing (calculation (3) and (4)). 
However, the slighter decline observed in 1976 might perhaps suggest 
a decreased mortality due to either reduced infraspecific competi
tion or the manuring effect during rodent peak years. 

The cover values (table 20 and fig. 20) present the same picture as 
the data for total numbers, i.e. a decrease during 19 74 and 1975, 
followed by a marked increase in 1976, which was statisticly signi
ficantly higher compared with the values for the other three years 
(p>0.05, see fig. 20C). As mentioned above, this cover increase was 
due to both new reqruitment and an increased production of annual 
shoots by the extant individuals. 

Fig. 20. Vaccinium vitis-idaea - cover values (%) for the individual 
1 m^ quadrats. A - plotted at 10 % intervals. B - the quadrats with 
< 10 % values in A replotted at 1 % intervals. C - mean cover value 
(%) (middle line) for the 46 1 m^ quadrats. Top and low lines gives 
the 95 % confidence limits. 
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As for V. myrtillus, the V. vitis-idaea population remained more or 
less constant (table 20). The species disappeared only within one 
quadrat. Nevertheless, the population dynamics of this species, too, 
are strongly influenced by grazing, which causes increased mortality 
and reduced recruitment in years following microtine rodent peak 
years (N.B. winter grazing). Increases in tiller recruitment and in 
annual shoot production occur during low years. 

8.1.2.2 Graminids 

Calamagrostis cf. lapponica 

The only occurrence in 1973 (table 20) consisted of 2 languishing 
vegetative shoots. In 1974 only the withered dead shoots remained. 
For information about generative and vegetative reproduction see 
Söyrinki (1939:17). 

Deschampsia flexuosa 

In the study area D. flexuosa occurs either as well-defined 'tus
socks' or as dispersed vegetative shoots. The former spread only 
slowly, generally less than 1-2 cm per year. The rhizomes of the 
latter can spread several cm up to a couple of dm in a year. Both 
Raunkiaer (1895-99:588-589) and Kujala (1926a:61-62) describe a 
similar pattern and suggests that there is a relationship between 
rhizome growth and habitat light intensity. However, light alone 
cannot be responsible, since both the tussock and dispersed shoot 
forms of D. flexuosa were often found within the same quadrat. 

This great difference in degree of vegetative spread leads to great 
difficulties when attempting population studies of D. flexuosa. In 
consequence I adopted the following methods. 

(1) counts of well-defined tussocks present in 1973 (table 31), or 
of individuals established from seed during the same period (table 
32) . 

(2) counts of numbers of shoots in quadrats in which D. flexuosa 
spread by means of an extensive rhizome system. One 1/16 m^ quadrat 
was counted in each of 6 1 m2 quadrats (table 33). 

As method (1) only applies to genets, while method (2) applies to 
ramets, the two sets of values are not directly comparable and are 
therefore treated separately below. 

The numbers of well-defined tussocks present in 197 3 (table 31) de
creased strongly in 1974 and in 1975, but then remained stable into 
1976. These changes were due to extensive grazing and other activi
ties by microtine rodents. This revealed itself as: (1) an almost 
total removal of all above-ground shoots, which were bitten-off 
basally, (2) intensive digging close to and below the tussocks, (3) 
the runways often zig-zagged between the largest tussocks. 

Very intensive regeneration from seed occurred already in 1974, with 
high seedling survival values into 1975 (table 32). The population 
thus rapidly recovered and even increased in numbers (for details of 
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Well-defined 
tussocks (I) Total population (II) 

Year Total Decrease Net change 
no no % no no % 

1973 166 \ 285 

1974 100 66 39.8 259 -26 -9.2 

1975 62 38 38.0 583 + 324 +125. 

1976 60 2 3.3 758 +175 + 30.1 

Table 31. Deschampsia flexuosa - the number of well-defined 
tussocks (individuals) present 1973 and their year-to-year changes 
(I). Total population numbers including the values in table 32 (II). 
Data from 1 m* quadrats. 

Year Total Net change Increase Decrease 
no no % no % no % 

1973 119 

1974 159 +40 +33. 7 152 12.8 112 94.2 
1975 521 +362 +27. 8 476 29.9 114 71.7 
1976 698 + 177 +34. 0 310 59.5 133 25.6 

Table 32. Deschampsia flexuosa - the numbers of individuals that 
became established from seed (August counts only). Data from 1 m2 
quadrats. 

Germination year 

1972 1973 1974 1975 1976 

Year 

1973 119 531 

1974 7 152 882 
1975 4 41 476 13 
1976 3 27 358 310 

Table 33. Deschampsia flexuosa - the survival values for the popu
lations which became established from seed (August counts only. 
1 m 2 quadrats). 

Total Net change 
Year no no % 

1973 11,760 

1974 7,376 -4,384 -37. 3 
1975 6,752 -624 -8. 5 
1976 11,456 +4,704 +69. 7 

Table 34. Deschampsia flexuosa - counts of the numbers of vegeta
tive shoots, in quadrats in which D. flexuosa primarily spreads by 
an extensive rhizome system, and where true individuals could not 
be counted. Calculated data from 6 1 m quadrats (1/16 m2counts x 16). 
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seedling establishment see section 8.1.1.2). It should be added here 
that the low survival of the 197 2 and 19 73-year populations (table 
33) may have been related to the below-normal precipitation in the 
summers of 1972-1973 (fig. 2B) as well as to rodent grazing. 

The 'dispersed shoot1 population (table 34) showed the same decrease-
increase trend as the tussock population. Numbers were about the same 
in 1976 as in 1973. 

The changes in the total cover values (table 20) reflect the strong 
population decline which occurred in 1974 and which is of particular 
interest since this was the only summer in which above-normal preci
pitation occurred (fig. 2B). Cover values thereafter increased to 
attain 84.6 % of the 1973 cover value in 1976. In most cases the in
dividual quadrat values also show the above trend, only in 5 cases 
did a continuous increase occur and only in two cases was the decline 
continued (fig. 21). 

lOO 

60.__ 

73 74 75 76 73 75 76 

Fig. 21.2 Deschampsia flexuosa - cover values (%) for the indivi
dual 1 m quadrats. A - plotted at 10 % intervals. B - the quadrats 
with < 10 % values in A replotted at 1 % intervals. 
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The frequency values (table 20) vary widely, depending upon the 
success of regeneration from seed in previously unoccupied quadrats. 
In no case was the total initial (1973) population exterminated 
from any quadrat. 

The results indicate that D. flexuosa is one of the most important 
food plants for microtine rodents. It belongs in the 'most prefer
red1 category of food species for Clethrionomys glareolus and 
Microtus agrestis and is furthermore frequently grazed by the other 
two species (see references in section 7.2.2-5). D. flexuosa is soon 
able to recover, however, by seed and by rhizome spread, and by pro
duction of new shoots. 

Luzula pilosa 

The shoot system and its development has been described by Raunkiaer 
(1895-99:397) and Kujala (1926a:58). Tillers are produced from the 
base of the main shoot. The annual vegetative spread amounts to a 
couple of cm or so. On the death of the rhizome the ramets may sur
vive as independent entities. Plant development in closed forest 
vegetation is a slow process (cf. Perttula 1941:269, 285 fig. 22). 

In the present study only the numbers of genets were counted. This 
was possible both because of the slow growth rate and the fact that 
only single rooted plants were present within the quadrats. This 
means, however, that no regard could be taken of the numbers of ve-
getatively-reproduced 'individuals' (ramets) within each L. pilosa 
clone, which in turn means that the information about population 
changes is less precise than that which could have otherwise been 
obtained. 

The numbers of individual plants (table 35), which formed the popu
lation established prior to 19 73, declined markedly in 1974, there
after more slowly. In the meantime increased establishment, from seed 
regeneration, was observed, which led to a large population increase 
in 1975 and 19 76, due to the survival of large numbers of the seed
lings produced in 1974 and 1975, respectively (table 36). The large 
decrease noted in the original 19 73 population was due to rodents, 
mainly during 197 3 and 19 74. L. pilosa is highly preferred by most 
vole species and by the wood lemming (see section 7.2.2-5). Bitten
off, above-ground shoots were frequently observed, which led to 
high plant mortality rates. Grazing may also have been responsible 
for the reduced seedling survival in the seedling populations pro
duced in 1973 and 1974, compared with that of 1975. 

The cover values show an interesting trend. Total cover (table 20) 
increased by 280 % between 1973 and 1976, with the strongest in
crease occurring already during 1975. For single quadrats see fig. 
22. The low cover value for 1973 was mainly due to the low vigour 
of most of the plants, together with grazing. The marked increase 
in cover in 1975 was due both to the large number of newly establi
shed seedlings and to an increased vigour among the surviving 1973 
population. This may indicate that the most important grazer of L. 
pilosa is Clethrionomys glareolus, which began to decline already 
in 1974 after peak year in 197 3. The immediate increase in vigour 
after the population crash may furthermore be due to the manuring 
effect during the peak years. 
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The original (1973) population, 
established before 1972 

Decrease 

Total population excluding 
1st year seedlings 

Net change In crease Decrease 
Year no no % no no % no % no % 

1973 50 53 

1974 34 16 32.0 50 -3 -5*7 16 30.2 19 35.9 

1975 29 5 14.7 95 +45 +90.0 58 116.0 13 26.0 

1976 28 1 3.5 155 +60 +63.2 107 112.7 46 48.5 

Table 35. Luzula pilosa - year-to-year changes in population num
bers and percentage change in relation to the preceding year. 

Germination year 
Year 1972 1973 1974 1975 1976 

1973 3 (96) 

1974 0 16 (148) 

1975 0 8 58 (14) 

1976 0 5 15 107 (1) 

Table 36. Luzula pilosa - the survival nos of different 
classes. 

Fig. 22. Luzula pilosa - cover£ 
values % for the individual 1 m 
quadrats, plotted at 1 % intervals. 

73 74 75 76 
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Frequency values changed only slightly and the original population 
vanished from only one quadrat. The remaining losses were all ac
counted for by unsuccessful seedling establishment (table 20). 

To sxom up, L. pilosa is an important food plant for both voles and 
wood lemming, too (see section 7.2.2-5), which may decimate the 
plant population during rodent peak years. However, as regeneration 
by seed is effective and high, the population can rapidly recover. 

8.1.2.3 Perennial herbs and ferns 

Geranium sylvaticum 

G. sylvaticum regenerates by seed only (Söyrinki 1939:282-283), i.e. 
the counts are the numbers of individual plants present (the genets). 

The data are very limited, from 2 quadrats only (table 20). The ori
ginal population (table 37) showed a marked decline in 1974, when 
45.5 % disappeared (all of them were well-developed juveniles). 
Successful regeneration from seed only occurred in 1974 (table 37), 
which led to an increase in the total population. The rapid growth 
of the seedlings established in 1974, together with increased vi
gour of the surviving 1973 population led to increased cover values 
in 1976 (table 20, fig. 23). 

To what extent the decline in 1974 was due to grazing is uncertain, 
since unfortunately no traces of the vanished plants wére seen. 
Grazing is reported for Clethrionomys rufocanus (0. Kalela 1957:46) 
and G. sylvaticum is probably also grazed by C. glareolus and Micro-
tus agrestis. 

Decrease 
1974-year population 

Decrease 

Total population 
excl. lst-year seedlings 

Change 
Year no no % no no % no no % 

1973 11 11 

1974 6 5 45.5 68 6 -5 -45.5 

1975 6 0 0 13 55 80.9 19 + 13 +217. 

1976 6 0 0 11 2 15.4 17 +2 +10.6 

Table 37. Geranium sylvaticum -
year-to-year changes in numbers of 
individuals and percentage changes 
in relation to the preceding year. 

Fig. 23. Geranium sylvaticum -
cover values (%), plotted at 10 % 
intervals, for the individual 
quadrats. 

23. 

10.. 
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Gymnocarpium dryopteris 

This plant spreads vegetatively by means of an extensive rhizome 
system (Kujala 1926a:55f, Oinonen 1971:5ff). Each separate frond 
was counted as one 'individual1. G. dryopteris occurred only in one 
quadrat (table 20). The population remained more or less constant 
throughout the study period (1973-76:31, 32, 30, and 34 fronds, res
pectively) . The quadrat was situated on the periphery of a larger 
clone, which had originally become established in a mesic-moist 
depression. Cover values also remained constant (table 20). 

Hieracium spp. 

The two species found are treated in section 8.1.1.3. For cover and 
frequency values see table 20. 

Majanthemum bifolium 

Vegetative spread occurs by means of an extensive subterranean rhi
zome, on which the winter buds develop during the late summer (for 
further details see Kujala 1926a:68f, Oinonen 1971:5ff). The annual, 
above-ground shoots were counted as the basic units. 

The lowest numbers were recorded during 19 73-74, thereafter numbers 
increased very much (table 38). Also the changes in cover values 
paralleled the changes in population size (fig. 24). 

Grazing of M. bifolium was observed during early summer, especially 
in the neighbourhood of the runways and the holes. It should be ob
served that no quadrats were situated in the outer expanding margins 
of the M. bifolium clones and in consequence the population should 
have declined. That M. bifolium is a favourite food plant for voles 
is also reported from the Kvikkjokk-area by Dahlskog (1972, section 
8.5), who observed a marked decline in cover values during a rodent 
peak year, viz. 1970. 

Net change wo.__ Year Total no no % 

1973 62 30 — 

1974 55 -7 -11.3 

1975 92 +37 +67.3 

1976 285 +193 +210. 

Table 38. Majanthemum bifolium -
year-to-year changes in population 
numbers. 

fc u 

73 7u ?5 ?g 

Fig. 24. Majanthemum bifolium -
cover values (%), plotted at 10% 
intervals, for the individual 
1 mz quadrats. 
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Rubus saxatilis 

Vegetative spread is by stolons, but shoots may also develop from 
axillary buds borne on the basal part of the parent shoot (see Kujala 
1926a:76). Each leaf-bearing shoot was counted as one 'individual1. 

The species only occurred within one quadrat. Over the period 19 73-
76: 15, 14, 5 and 2 shoots were present, respectively. Cover showed 
a similar decline (table 20), which was caused by disappearance in 
1975 of both the original stolons present in 1973-74. According to 
0. Kalela (1957:46) Clethrionomys rufocanus grazes on R. saxatilis, 
but whether this was the explanation for the decline at Pyttisberget, 
or natural senescence, is impossible to decide. 

Solidago virgaurea 

Solidago can spread both vegetatively and by seed (Kujala 1926a:102f). 
Vegetative reproduction was not recorded in the present study. Each 
above-ground rosette was counted as a single individual. 

Out of the original population of 6 individuals in 197 3, 5 had va
nished by 1974. The remaining one was still present in 1976. Success
ful regeneration occurred in 1975, of which one seedling survived in
to 1976 (see further section 8.1.1.3). Cover and frequency values 
are given in table 20 and fig. 25. 

The decline in 1974 was caused by vole grazing, all the leaves being 
bitten-off right at the base. The present material is too limited 
to elucidate the extent to which Solidago is influenced by vole im
pact in forest vegetation. However, when such a large part of small 
population is grazed, a strong impact must probably result. The fai
lure of seedling establishment during the otherwise suitable, wet 
summer of 1974 may also have been due to grazing. Tast & Kalela 
(1971), who investigated Solidago in the Kilpisjärvi area, found 
during a 7-year period, viz. 1965-1971, large annual variations in 
the numbers of vegetative rosettes (op. cit.:7 fig. 7). A strong 

mû . 
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Fig. 25. Solidago virgauraea -
cover values (%), plotted at 1 % 
intervals, for the individual 
quadrats. 

Fig. 26. Trientalis europaea -
cover values (%), plotted at 10 % 
intervals, for the individual 
quadrats. 
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recruitment of new individuals occurred in 1970, viz. the year af
ter the first microtine rodent peak year, and a strong decline 
occurred in 1971, viz. the year after the second peak year. The ob
served increase can be due to habitat disturbance, which enables 
seedling establishment, and the decrease can be due to either gra
zing or natural mortality. According to Tast & Kalela (op. cit.:2) 
Solidago is a favourite food plant for Clethrionomys rufocanus, 
Microtus agrestis and M. oeconomus. It should be added that Dahlskog 
(1972, section 8.5) in the Kvikkjokk area found a strong decline in 
Solidago cover values during the rodent peak year 1970. 

Trientalis europaea 

Vegetative spread is by rhizomes (1-6 per 'individual1, viz. the 
leaf-bearing shoot), which end in a tuberous winter bud, fully de
veloped in autumn (for a detailed description see e.g. Kujala 1926a: 
99-101 and Hiirsalmi 1969:157). A Trientalis population may remain 
rather constant throughout the years (unpublished data for an 8-
year period). Each 'individual1 usually produces 1-3 winter buds, 
in mesic dwarf-shrub type usually 1-2 (x= 1.43±0.62, n=30, August 1976) . 
Winter-bud production is inhibited if the attached leaf-bearing 
shoot succumbs during summer. The winter buds usually show survival 
rates of more than 90 % (unpubl.). 

The population (table 39) declined in 1974 and 1975, followed by an 
increase in 1976. Disappearance of shoots occurred within two of 
the quadrats (see table 20). In the remaining quadrat (4026:1) the 
numbers recorded 1973-76 were 75, 67, 69, and 94, respectively. The 
cover values for 1973 are rather uncertain as the leaves had already 
faded (table 20, fig. 26). 

Assuming that the mean production of winter-buds per 'individual' 
is 1.43 (cf. above), the calculated survival values for the popula
tion in quadrat 4026:1 are as shown in tab],§k 40, The calculated 
('expected') and actual numbers were quite close in 1976, which may 
indicate that the calculation basis is justified. During 1974 and 
1975, however, the actual values were only 6 2 and 71 % of the expec
ted values. This finding supports the hypothesis that grazing had 
occurred during the resting period and/or the early summer. Grazing 

I II I . 100 Net change Actual Expected II . 100 

Year no no % Year nos nos % 

1973 117 1973 75 

1974 82 -35 -30.0 1974 67 108 62 

1975 69 -13 -15.9 1975 69 96 71 

1976 94 + 25 + 36.3 1976 94 99 95 

Table 39. Trientalis europaea Table 40. Trientalis europaea -
- year-to-year changes in the survival of the population in quadrat 
total population. 4026:1. The 'expected' nos have been 

calculated on a basis of a mean pro
duction of 1.43 winter buds per 'indi
vidual'. The ratio (I)/(II)-100 con
stitute the calculated survival of the 
winter-bud population. 
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these times of year would also explain the disappearance of shoots 
from two of the quadrats. In one of these quadrats dead winter buds 
were seen at the edge of a runway. Unfortunately the present mate
rial is too limited to permit any conclusions being drawn. 

Viola riviniana 

Each of the basal leaf rosettes, arising from the main root, were 
counted as one 'individual1. V. riviniana mainly spreads by seed. 
It was present in only one quadrat. The numbers of basal rosettes 
during the present period 1973-76 were as follows: 34, 33, 31, 37. 
Successful seedling establishment occurred in 1974 (see section 
8.1.1.3). The cover values remained constant (table 20). No signs 
of grazing were noticed. 

8.1.2.4 Annual species 

Melampyrum pratense 

For details about its regeneration by seed see section 8.1.1.5. A c 
considerable year-to-year variation in numbers of individuals was 
found (table 41). Generally low values prevailed in 1973 and 1974, 
followed by an increase in 1975 and 1976. The 1976-year population 
exceeded that of 1973 by about 500 %. Cover and frequency values 
also followed the above trend (table 20, fig. 27). 

Fig. 27. Melampyrum 
pratense - cover values 
(%)2for the individual 
1 m plots. A - plotted 
at 10 % intervals. B -
the quadrats with < 10 % 
values in A replotted 
at 1 % intervals. 
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Change 
no 

Year 

1973 148 

1974 48 -100 -68 

1975 329 + 281 +586 

1976 755 +426 +130 

Table 41. Melampyrum pratense -
year-to-year changes in numbers 
of individuals. 

As stated in section 8.1.1.5, seed prédation by voles seems to occur. 
M. pratense is also frequently eaten by Clethrionomys rufocanus (0. 
Kalela 1957:46) and C. glareolus (own obs.), both species eating 
stalks, leaves and flowers and the latter also seeds, too. During 
197 3 and 1974 frequent grazing was observed, both in the study area 
and locally in the neighbourhood, where dense M. pratense stands 
were present. Voles would seem capable of influencing M. pratense 
considerably during peak years. The early summer seems to be a 
tricky period for M. pratense as the emerging seedlings are frequent
ly foraged. 

8.2 Mosses 

The results obtained for the mosses, as for the other cryptogams, 
will only be superficially dealt with. My intention is more to point 
out that considerable year-to-year changes may occur. The material 
will be further dealt with after this years field work. 

Year-to-year changes in frequency and cover are given in table 42. 
The results of the counts will not be presented and discussed here. 

From fig. 28 we can see that the mean cover values for the moss lay
er declined continuously in 1974 and in 1975. Thereafter followed 
by a strong increase in 1976, even to a value which exceeds that 
of 1973. This decrease-increase trend is entirely due to grazing 
and other microtine rodent activities (cf. tables 1 & 2). 

When rodents forage upon mosses during the snow-free season, they 
will usually only bite off the top shoots, while during the snow-
covered season they will often bite off the shoots close to their 
basal parts (see further section 7.2.5). 

The decrease in 19 74 was mainly due to summer grazing and runways 
and only to a slight extent to winter grazing, while the decline 
in 19 75 was entirely due to grazing between the September count in 
1974 and the population crash during the midwinter. Note further 
that the mosses had begun to recover already when the analysis 
were performed in September 1975. In consequence, it is clear that 
also other microtines than Myopus schisticolor do forage upon moss
es, as winter grazing was observed following the winter 1973/74. It 
should be added that all mosses found in this investigation are re-
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Fig. 28. 
cover values for the 
46 1 m2 quadrats, and 
the mean cover value 
(middle line) with 
95 % confidence limits 
(top and low lines) 
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ported as belonging to the most preferred foraging species for 
Myopus schisticolor (Kalela et al. 1963a; see section 7.2.5. It 
should be added that Plagiothecium denticulatum, which by Kalela 
et al. is considered to be rejected, can be foraged as observed 
once in the field). 

When scrutinizing the table 42 it is readily seen that the decline 
has been slightly different between different species. It is further 
notable that only species growing on windthrows and tree stumps have 
remained constant (e.g. Orthodicranum montanum and to some extent 
Drepanocladus uncinatus). Among the most abundant species the strong
est decline in 1974 was found for Ptilium crista-castrensis -73 %. 
Dicranum scoparium -57 %, D. polysetum -53 %, D. majus -37 %, 
Hylocomium splendens -30 % and Pleurozium schreberi -12 %. The 
rather low utilization of the latter species in relation to its 
abundance is noteworthy (cf. also the results of Kalela et al 196 3 
a&b, Helminen & Valanne 1963). In the next year 1975 the picture 
was slightly different, the strongest derease was observed for Hy
locomium splendens -49 %, followed by Dicranum fuscescens -37 %, 
D. majus -25 % and D. polysetum -18 %. The consumption of Pleuro
zium had increased and the decline amounted to 19 %. A quite diffe
rent picture were noted for P. crista-castrensis and D. scoparium, 
which increased with 43 and 70 %, respectively. This is of some 
interest, as it may indicate that a grazing pressure, leading to 
fragmentation, may cause an increased growth. N.B. The above menti-
ned changes are net changes, so a high grazing pressure in some 
quadrats can be masked by increased growth in other quadrats. 

To sum up, all abundant forest-floor mosses show this decrease-in
crease trend with a one year time lag in relation to the microtine 
peak years (N.B. winter grazing). The remaining mosses can be divi-
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FREQUENCY COVER 

obs. F% + - 2 
Year no (n=46) no no A% dm A% 

Amblystegium 1973 0 0 0 
serpens var. 74 0 0 0 0 0 
juratzkanum 75 1 2. 2 1 0 0. 05 

76 1 2. 2 0 0 0. 25 

Brachythecium 1973 3 6. 7 2. 80 
starkei 74 4 8. 7 2 1 +33 3. 15 +13 

75 8 17. 4 5 1 +100 5. 40 +72 
76 10 21. 8 4 2 +25 20. 20 +271 

Ceratodon 1973 1 2. 2 0. 25 
purpureus 74 0 0 0 1 0 

75 1 2. 2 1 0 0. 05 
76 2 4. 4 1 0 0. 10 

Dicranum 1973 14 30. 5 38. 00 
fuscescens 74 14 30. 5 1 1 0 42. 40 +12 

75 11 24. 0 2 5 -22 27. 00 -37 
76 11 24. 0 1 1 0 33. 10 +23 

Dicranum 1973 34 74. 0 79. 25 
maj us 74 26 56. 6 1 9 -24 50. 05 -37 

75 28 60. 9 6 4 +8 37. 50 -25 
76 29 63. 1 3 2 +4 94. 10 +151 

Dicranum 1973 40 87. 0 128. 60 
polysetum 74 25 54. 4 0 15 -38 60. 10 -53 

75 21 45. 7 3 7 -16 49. 20 -18 
76 23 50. 0 3 1 +10 86. 05 +75 

Dicranum 1973 41 89. 2 106. 70 
scoparium 74 32 69. 6 0 9 -22 45. 35 -57 

75 37 80. 5 9 4 +16 77. 50 +70 
76 37 80. 5 1 1 0 274. 80 + 256 

Drepanocladus 1973 2 4. 4 1. 40 
uncinatus 74 2 4. 4 0 0 0 2. 15 +54 

75 3 6. 6 1 0 +50 3. 30 +53 
76 4 8. 7 1 0 +33 3. 45 +4 

Hylocomium 1973 31 67. 4 208. 25 
splendens 74 29 63. 1 2 4 -6 145. 35 -30 

75 21 45. 7 1 9 -28 73. 95 -49 
76 26 56. 6 5 0 + 24 124. 05 +68 

Orthodicranum 1973 2 4. 4 0. 60 
montanum 74 2 4. 4 0 0 0 0. 70 

75 2 4. 4 0 0 0 0. 40 
76 2 4. 4 0 0 0 0. 50 

Plagiothecium 1973 0 0 0 
curvifolium 74 1 2. 2 1 0 0. 05 

75 1 2. 2 0 0 0. 15 
76 1 2. 2 0 0 0. 35 
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FREQUENCY COVER 

obs. F% + - o 
Year no (n=46) no no A% dm A% 

Plagiothecium 1973 1 2.2 0.05 
denticulatum 74 1 2.2 0 0 0.05 

75 2 4.4 2 1 0.10 
76 3 6.6 2 1 0.15 

Pleurozium 1973 46 100 2,562.70 
schreberi 74 46 100 0 0 0 2,264.10 -12 

75 46 100 0 0 0 1,832.60 -19 
76 46 100 0 0 0 2,801.60 +52 

Pohlia 1973 6 13.1 2.65 
nutans 74 6 13.1 1 1 0 1.50 -43 

75 4 8.7 1 3 -33 1.10 -25 
76 5 10.9 1 0 +25 2.90 +159 

Polytrichum 1973 16 34.8 23.45 
commune 74 13 28.3 0 3 -19 17.95 -24 

75 11 24.0 0 2 -15 6.30 -65 
76 13 28.3 2 0 +18 11.00 +76 

Polytrichum 1973 5 10.9 3.60 
juniperinum 74 3 6.6 0 2 0 1.05 -71 

75 1 2.2 0 2 -40 0.15 -86 
76 1 2.2 0 0 -67 0.45 +200 

Ptilium 1973 30 65.3 159.00 
crista- 74 24 52.2 2 8 -20 43.60 -73 
castrensis 75 23 50.0 5 6 -4 62.30 +43 

76 22 47.9 2 3 -4 163.90 +163 

Rhodobryum 1973 2 4.4 1.10 
roseum 74 2 4.4 0 0 0 1.75 +60 

75 2 4.4 0 0 0 2.95 +68 
76 2 4.4 0 0 0 6.00 +103 

Tomenthypnum 1973 0 0 0 
nitens 74 0 0 0 0 0 

75 1 2.2 1 0 0.05 
76 1 2.2 0 0 0.15 

Table 42. Mosses - year-to-year changes (1973-76) in quadrat 
occurrences (obs. no), frequency percentage (F) and cover sum 
for the 46 1 m2 quadrats. 
Increase (+) , decrease (-) and net change (A) compared with the 
preceding year. 
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ded in two groups. 

(1) colonizing windthrows in different degree of decay, viz. Ambly-
stegium serpens var. juratzkanum, Drepanocladus uncinatus, Orthodic-
ranum montanum. 

(2) colonizing runways viz. Ceratodon purpureus, Plagiothecium 
curvifolium. P. denticulatum, Pohlia nutans and Brachythecium starkei. 

The former group is so limited in the present material that its 
appearance can not be eluciated. It should be added that the few 
shoots of Tomenthypnum on a stump most probably are due to an acci
dental spreading from a small mire at the base of the hill. 

The latter group consits of small turf or mat species (for terms 
see Gimingham and Birse 19 57). These species are incapable of estab
lishing successfully in undisturbed vegetation with a thick layer 
of weft mosses. The most striking examples are B. starkei and Cera
todon. The former colonize rapidly in the runways already during 
their first year. 

That a change in cover and frequency occur for most species follow
ing rodent peak years is one side to the coin. The other is: How 
does the recovery take place? As is known from the classical study 
by Correns (1899), many mosses have an incredible capacity for ve
getative (asexual) regeneration. 

Foraging of the moss shoots (viz. the shoot apex) during the sum
mer does not lead to any too drastic consequence to the shoot as 
the growth will continue from lateral shoots or from inovation 
shoots at the base of the main shoot (see e.g. Hagerup 1935). 

Winter grazing on the contrary will cause more severe damage and 
virtually exterminate a species from a quadrat (cf. the strong de
cline in frequency for e.g. Dicranum spp. in 1974 and 1975 in table 
42). Different kinds of regeneration, leading to development of 
protonemata and juvenile plants, viz. from rhizoids, e.g. Polytri-
chum commune and P. juniperinum (Wigglesworth 1947, Meusel 1935: 
143f), Dicranum spp. (Meusel op. cit.), from broken/bitten-off parts 
of the stems, e.g. Hylocomium splendens (Correns 1899:404), from 
isolated leaves of part of leaves e.g. Dicranum spp., Polythricum 
commune (Correns op. cit.). 

Only one example of rapid regenearation will be given here, viz. 
for Dicranum scoparium (tables 43-46). I will not discuss this in 
detail, only put forward the hypothesis that the rapid colonization 
of new individuals observed already in 19 74 but above all in 19 75 
can be interpreted as dependent on an increased fragmentation caused 
by the microtine rodents. Anyhow the rapid regeneration observed in 
areas where no D. scoparium occurred in 19 73 is striking. 

8.3. Liverworts 

None of the 7 species observed play any role in the vegetation of 
the investigated area. Only 2 spp. reach a higher frequency (table 
48). All species, with the exception of Ptilidium pulcherrimum, 
which grows on windthrows, and Orthocaulis floerkei, which grows in
termingled in the Dicranum turfs, show a clearly increasing trend. 
It is noteworthy that none of these 7 species decreased during the 



I II III 

Year 1973 1974 1975 1976 1974 1975 1976 1974 1975 1976 

Cover sum 96.15 25.35 32.65 94.95 5.80 19. 60 90 .75 0 1.1 14.65 
(dm2) 

IV V 

Year 1973 1974 1975 1976 1973 1974 1975 1976 

Cover sum 96.15 31.15 53.35 200.35 10 6.7 44.65 78.35 285.35 
(dm2) 

2 Table 43. Dicranum scoparium - the total cover values (dm ) of the 
different colonization stages (I-IV). N.B. three 1 m2 quadrats are 
excluded in I-IV. 

I Individuals already established in 1973. 
II Individuals established beyond the runways after 1973. 
III Individuals established inside the runways after 1973. 
IV The total cover values for stages I-III. 
V The total cover values for all plots combined. 

Year 1973 

A Number 108 

Decrease 

Increase 

B Number 329 

/Decrease 

Change 1974 

41 

67 (-62. 1%) 

0 (0%) 

128 

201 (-61.1%) 

Change 1975 

38 

15 (-36.6%9 

12 ( + 29.3%) 

80 

48 (-37.5%) 

Change 1976 

38 

1(-2.7%) 

1(+2.7%) 

79 

1(-1.3%) 

Table 44. Dicranum scoparium - the survival of the original (1973) 
population. A distinction has been made between individuals which 
had developed into turfs (A) and those present as isolated shoots 
(B). The increase recorded from 1974 to 1975 is spurious. In fact 
these individuals were either overlooked or considered to be dead 
in 1974. 
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Year 

Number 

Increase 

Decrease 

Number/in^ 

Change 

694 

1974 

694 

17 

Change 

639(+92.1%) 

212 (-30.6%) 

1975 

991 

25 

Change 

206(+20.8%) 

258 (-26.1%) 

1976 

939 

24 

Table 45. Dicranum scoparium - the colonization of individuals 
beyond the runways after 1973. Two 1 m2 quadrats have been excluded. 

Year 1974 Change 1975 Change 1976 

Number 0 178 276 

Increase 178 121 (+68%) 

Decrease 23 (-13%) 

Number/m2 0 51 79 

Table 46. Dicranum scoparium - the colonization of individuals 
inside the runways after 1973. Two 1 m 2 quadrats have been excluded. 

rodent peak years. Instead all species occurred only sparsely in 
the first year (1973) followed by constant occurrence in 1974 and 
a rapid increase in 1975 and 1976. For example in 1976 both Ptili-
dium ciliare and Barbilophozia lycopodioides covered large areas 
of the runways, with a colony size of 5-8 cm and 2-3 cm, respecti
vely (colonization first visible in 1975). 

To what extent liverworts are influenced by microtine rodents in 
coniferous vegetation is impossible to conclude from the above-
mentioned material. However, the openess of the vegetation follow
ing microtine peak years will lead to an increased possibility for 
some poor competitors to colonize on the naked humus layer. Those 
which are otherwise almost only found growing on windthrows and 
stumps. 

To what extent liverworts are foraged by microtine rodents is un
clear, e.g. P. ciliare is reported as rejected by Myopus schisti-
color (Kalela et al. 1963a), but signs of foraging upon Barbilo
phozia lycopodioides have been ascertained in the present investi
gation. 

The colonization of liverworts following rodent peak years ought 
to be highly faciliated by the regeneration with gemmalings and 
and the frequent development of protonemata which may occur from 
nearly all pieces of a plant (cf. e.g. Kreh 1909, Buch 1911, 
Schuster 1966). 
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COVER 

obs. F% + - 2 
Year no (n=46) no no dm A% 

AnaS trophy1lum 1973 1 2.2 1,50 
michauxii 74 1 2.2 0 0 0.15 

75 0 0 0 1 0 
76 0 0 0 0 0 

Barbilophozia 1973 1 2.2 0.25 
hatcheri 74 0 0 0 1 0 

75 0 0 0 0 0 
76 0 0 0 0 0 

Barbilophozia 1973 7 15.3 3.20 
+239 lycopodioides 74 6 13.3 0 1 10 .85 +239 lycopodioides 

75 7 15.3 1 0 9.70 -11 
76 7 15.3 0 0 22.30 +130 

Lophozia 1973 0 0 0 
excisa 74 0 0 0 0 0 

75 1 2.2 1 0 0.05 
76 0 0 0 1 0 

Lophocolea 1973 1 2.2 0.25 
heterophylla 74 0 0 0 1 0 heterophylla 

75 1 2.2 1 0 0.05 
76 1 2.2 0 0 0.15 

Lophocolea 1973 2 4.4 0.80 
0 minor 74 2 4.4 0 0 0 .80 0 

75 1 2.2 0 1 1.50 +88 
76 2 4.4 1 0 4.55 + 203 

Orthocaulis 1973 2 4.4 0.10 
floerkei 74 2 4.4 0 0 0.10 

75 1 2.2 0 1 0.05 
76 1 2.2 0 0 0.05 

Orthocaulis 1973 0 0 0 
kunzeanus 74 0 0 0 0 0 

75 1 2.2 1 0 0.15 
76 1 2.2 0 0 0.25 

Ptilidium 1973 4 8.7 4.55 
ciliare 74 3 6.6 0 1 3.05 -33 

75 3 6.6 0 0 5.15 +69 
76 3 6.6 0 0 21.75 +322 

Ptilidium 1973 11 24.0 9.70 
pulcherrimum 74 9 19.6 1 3 6.10 -37 pulcherrimum 

75 10 21.8 1 0 5.45 -11 
76 10 21.8 0 0 7.30 +34 

Table 48. Liverworts - year-to-year changes (1973-76) in quadrat 
occurrences (obs. no), frequency percentage (F) and cover sum for 
the 46 1 m^ quadrats. Increase (+), decrease (-) and net change 
(A) compared with the preceding year. 
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8.4 Lichens 

In closed forests of the mesic dwarf-shrub type, lichens usually 
play a minor role in the vegetation as bottom layer is covered by 
a dense moss carpet. The species found are markedly confined to 
windthrows or stumps in different degree of decay. The present 
material is very limited, comprising a large number of species, but 
all except C. arbuscula, C. rangiferina and C. fimbriata are of low 
frequency. 

The frequency and cover values are given in table 49. 
The material can be divided into the following groups: 

(1) species showing a decline during 1974 and 1975, thereafter 
increasing, e.g. C. arbuscula, C. rangiferina and C. fimbriata. 

(2) species showing a constant decline throughout the period, e.g. 
C. botrytes, C. cenotea, C. cornuta, C. crispata. C. deformis and 
C. ochrochlora. 

(3) species showing an increase, or in fact species that have estab
lished during the investigation, e.g. C. gracilis and C. pyxidata 

(4) species showing no change, e.g. C. carneola and C. gonecha. 

Together the group shows large variations, the most striking being 
that the reindeer lichens have only vanished from one quadrat, while 
the other species have vanished in 14 cases. The recruitment amounts 
to 1 and 5 cases, respectively (table 49). 

The changes shown depend on a total elimination of the individual 
cases, due to either a heavy winter grazing of the area (e.g. that 
the moss cover was completely grazed close to the mor layer or that 
only the basal shoots were left), or that the specimens had been 
spoiled by a runway. The only case of disappearance in 19 76 (C. 
botrytes) was due to a complete overgrowing by Ptilidium pulcherri-
mum on a windthrow, as was the case for the same species in 1974. 
in fact no evidence exists that the large number of vanished occur
rences were due to microtines feeding on the lichens, but it is cle
ar that they have been bitten off in several cases. 

All establishment in new quadrats was due to colonization at the 
naked edges of the runways, i.a. where these ran close to slight 
elevations. Both C. fimbriata and C. ochrochlora occurred abundant
ly with small phylloclades on such sites in 1976, usually 1-2 mm 
large, but together forming colonies 1-2 cm in size. 

C. rangiferina showed a strong decline in cover between 19 73 and 19 74, 
which was due in both cases to a considerable fragmentation of some 
individuals in connection with grazing. A rapid colonization of these 
small fragments was observed in 19 75 and 19 76, both in runways and 
in earlier grazed areas. During the aoutumn these individuals reached 
a size of 1/2-1 cm. The growth rate was slightly smaller for C. ar
buscula . 

To what extent rodents forage upon lichens is unclear (see section 
7.2). In any case the microtine rodent activity seems to be of some 
importance for certain species to colonize. However, in most cases 
the mosses recover so fast that lichens have small possibilities 
to establish in the bottom layer, and in consequence they are most
ly found on slight elevations (humus-covered boulders, at the edge 
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of windthrows etc), only Cladina spp. are more often seen in the 
carpet of weft mosses. Of course, if moss colonization is delayed, 
those species with fast growing phylloclades may develop into small 
colonies (e.g. C. fimbriata). 
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COVER 

obs. F% + - o 
Year no (n=46) no no dm 

Cladonia 1973 6 13.1 4.45 
arbuscula 74 6 13.1 0 0 2.75 

75 6 13.1 0 0 3.15 
76 7 15.3 1 0 6.40 

C. botrytes 1973 3 6.6 0.35 
74 1 2.2 0 2 0.15 
75 1 2.2 0 0 0.05 
76 0 0 0 1 0 

C. carneola 1973 1 2.2 0.05 
74 1 2.2 0 0 0.05 
75 1 2.2 0 0 0.05 
76 1 2.2 0 0 0.05 

C. cenotea 1973 1 2.2 0.35 
74 1 2.2 0 0 0.45 
75 1 2.2 0 0 0.35 
76 1 2.2 0 0 0.25 

C. cornuta 1973 2 4.4 0.20 
74 1 2.2 0 1 0.05 
75 1 2.2 0 0 0.05 
76 1 2.2 0 0 0.05 

C. crispata 1973 1 2.2 0.15 
74 0 0 0 1 0 
75 0 0 0 0 0 
76 0 0 0 0 0 

C. deformis 1973 2 4.4 0.50 
74 0 0 0 2 0 
75 0 0 0 0 0 
76 0 0 0 0 0 

C. digitata 1973 1 2.2 0.05 
74 0 0 0 1 0 
75 0 0 0 0 0 
76 0 0 0 0 0 

C. fimbriata 1973 5 10.9 0.55 
74 4 8.7 1 2 0.30 
75 3 6.6 0 1 0.45 
76 3 6.6 0 0 3.20 
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COVER 

obs. F% + - 9 
Year no (n=46) no no diri A% 

C. furcata 1973 2 4.4 0.10 
74 2 4.4 0 0 0.10 
75 1 2.2 0 1 0.15 
76 1 2.2 0 0 0.15 

C. gonecha 1973 2 4.4 0.10 
74 1 2.2 0 1 0.05 
75 1 2.2 0 0 0.05 
76 1 2.2 0 0 0.05 

C. gracilis 1973 0 0 0 
74 0 0 0 0 0 
75 1 2.2 1 0 0.05 
76 1 2.2 0 0 0.25 

C. ochrochlora 1973 2 4.4 0.20 
74 3 6.6 1 0 0.15 
75 1 2.2 0 2 0.05 
76 1 2.2 0 0 0.05 

C. pyxidata 1973 0 0 0 
74 0 0 0 0 0 
75 0 0 0 0 0 
76 1 2.2 1 0 0.05 

C. rangiferina 1973 11 24.0 16.10 
74 11 24.0 0 0 9.25 
75 10 21.8 0 1 9.00 
76 10 21.8 0 0 11.40 

C. sp. 1973 0 0 0 
74 0 0 0 0 0 
75 0 0 0 0 0 
76 1 2.2 1 0 0.05 

C. subgenus 1973 17 20.55 
Cladina 74 17 0 0 12.00 -42 

75 16 0 1 12.15 +1 
76 17 1 0 17.80 +47 

C. excluding 1973 22 2.60 
Cladina 74 15 2 9 1.30 -50 

75 12 1 4 1.25 -4 
76 13 2 1 4.15 +232 

Table 49. Lichens - year-to-year changes (1973-76) in 
quadrat occurrences (obs. no), frequency percentage (F) 
and cover sum for the 46 1 m^ quadrats. Increase (+), 
decrease (-) and net change (A) compared with the pre
ceding year. 
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8.5 Discussion 

In spite of the short duration of the study period encompassing 
only two peak and two low microtine rodent years, most of the 
plant species were found to show marked changes from year-to-year, 
which paralleled the fluctuations in the population of microtine 
rodents. 

The various plant species can be grouped according to their 
change patterns, as follows (doubtful species shown in brackets): 

(1) species that showed stable, generally low, values during the 
two microtine peak years (viz. 1973 and 1974), thereafter increa
sing, viz. 'synchronous species'. 

(2) species that showed a marked decrease the year after a rodent 
peak year, i.e. low values in 1974 and 1975), thereafter increasing 
to more or less regain their 1973-level in 1976, viz.'time-lag 
species'. 

(3) species that showed a continuous increase in numbers, due to 
colonization (vegetatively or by seeds or spores) during or after 
the peak years, viz. 'fugitive species'. 

(4) species that showed none, or very vague changes, viz. 'constant 
species 1. 

For several species the present material is too limited to permit 
their incorporation in any of the above groups. 

(1) (Calluna vulgaris), (Empetrum hermaphroditum), Melampyrum pra
tense, Luzula pilosa, Linnaea borealis. The two last-mentioned spe
cies are more intermediate to the following group. 

(2) Vaccinium myrtillus, Deschampsia flexuosa, (Trientalis europaea) 
(Majanthemum bifolium), Dicranum fuscescens, D. majus, D. polysetum, 
D. scoparium, Hylocomium splendens, Pleurozium schreberi, Polythri-
chum commune, P. juniperinum, Ptilium crista-castrensis, Cladonia 
arbuscula, C. rangiferina. The two herbs show also low numbers in 
but,recover rather slow. 

(3) (Ceratodon purpureus), Brachythecium starkei, Plagiothecium 
curvifòlium, P. denticulatum, Pohlia nutans, (Rhodobryum roseum, 
ev. group 1), Barbilophozia lycopodioides, Lophocolea minor, 
Orthocaulis kunzeanus, Ptilidium ciliare. Cladonia fimbriata. 

(4) Geranium sylvaticum, Viola riviniana, Gymnocarpium dryopteris, 
Orthodicranum montanum 

For the remaining species the material is too limited, but Hiera-
cium spp, and Solidago virgaurea most probably belong to group (1) 
or (2). The remaining liverworts probably belong to group (3). 
Where to place the remaining Cladonia spp. is quite unclear on the 
present material. 

The implication of these results are as follows. For most species 
regeneration by seed clearly depends on the openings in the vege
tation cover produced by the various activities of the microtine 
rodents, but their establishment and survival also depends on the 
prevailing meteorological conditions. Drought years may cause hea
vy seedling losses or total regeneration failure, while in wet 
springs and summers successful seedling establishment may take 
place (cf. also Perttula 1941) . The deciding factor is probably 
whether or not the moss carpet recovers beforehand, especially in 
the runways. 
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(1) Synchronous species. If a perennial species shall be capable 
of recovery by vegetative spread in the year after a rodent popu
lation crash, it's vegetative system (e.g. rhizomes, tillers and 
different kinds of winter buds) must not have been too severely 
damaged by grazing during the immediately preceding autumn-winter 
period, i.e. the species is largely grazed during the vegetation 
period, preferably during the earlier part. This was most clear 
ly seen in the case of Luzula pilosa, which above all is heavily 
grazed in spring time, after the snow-melt (N.B. the old popula
tion) . 

Rapid recovery is also aided by the increase in shoot production, 
induced by moderate grazing. This applies particular to Calluna 
and Empetrum, to some extent also Vaccinium vitis-idaea, too. 

For annuals population recovery depends on the size of the seed 
stock left untouched, or that sufficient plants escape being ea
ten before reaching maturity. At Pyttisberget, the only annual 
present, Melampyrum pratense falls rather clear within this group. 

The most important characteristic of this group is the rapididity 
of the recovery, which occurs after the rodent population crash. 
In fact, the group may include both grazed and not-grazed species. 
The latter are species, which are extant as languishing plants, 
but which then increase in vigour, probably due to the respite 
afforded to them by the effect of the microtines on the vigour 
or presence of competing plant species. In the present investi
gation no such species are evident. 

(2) Time-lag species. If a perennial shows a clear time-lag in re
lation to the microtine peak years, this means that it's vegetative 
capacity had been reduced by grazing of it's rhizomes, tillers or 
winter buds, or that the vigour was so reduced that a decline in 
the formation of propagative organs occurred. Such species are usu
ally grazed most heavily during the autumn-winter period, which lead 
to heavy losses among both older ond younger individuals. Summer 
grazing is less harmful, as it is often restricted to the biting-
off of single leaves, annual shoots and floral shoots. This type 
of reaction seems to be characteristic for many of the most abun
dant forest floor species, both vascular plants and mosses. Such 
species commence recovery during the autumn after the rodent crash 
(e.g. for grasses with an autumnal shoot production), or during 
the next year's vegetative period (e.g. most dwarf shrubs). If an 
annual species shows time-lag it means that a large part of the 
seed population is foraged, causing a delay in building up. 

(3) Fugitive species. This group is characterized by species, which 
are unable to colonize closed vegetation and which diminish rapidly 
once more after the recovery of the former dominants. In mesic dwarf-
shrub types this group mainly consists of quich-growing mosses and 
liverworts, which succumb as soon as the dominant mosses have reco
vered. In the present area no vascular plants belong to this group, 
The group is not primarily affected by grazing, though some may take 
place. The important point is the lack of suitable open habitats. 

(4) Constant species. Species that are not at all influenced by gra
zing fall into this group. Unfortunately the present data for all 
the species placed here is too limited to entirely exclude possible 
grazing effects on future occasions. 
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9 The effects of microtine rodents on the vegetation 

9.1 Vegetation in general 

The most thorough investigation of the population cycles of a micro-
tine rodent and their relationship to concurrent changes of the ve
getation and habitat conditions are those on the brown lemming 
(Lemmus trimucronatus) on the coastal tundra at Point Barrow, N Alas
ka. The results obtained can be summarized as follows: 

(1) Over a period of 13 years the above-ground biomass of the vege»-
tation showed cyclic fluctuations similar to the lemming cycles, 
while within exclosures (fenced plots without lemmings) a constant 
decline in biomass was recorded, viz. from 700 pounds per acre in 
1958 to 100 pounds per acre in 1965 (Schultz 1969:87-89). 

During lemming peak years more than 90 % of the biomass of the most 
important plant species was removed by grazing (viz. Dupontia fischeri, 
Eriophorum angustifolium and Carex aquatilis (i.e. C. stans)) (Thomp
son 1955 fig. 2, Pitelka 1958:7, Schultz loc. cit.). Thompson (op. 
cit. fig. 3) reported that 69 % of the biomass was consumed in the 
year immediately preceding a lemming peak year (viz. during the build
up phase), 98 % during the peak year and 5 % during the following 
low year, after the wintertime crash. 

(2) Lemming activity speeded up the ground-thaw during peak years, 
due to digging and removal of the above-ground biomass and plant 
litter. Thawing-out was slowest in the year prior to the peak year, 
when the litter layer was thickest (Schultz 1964:65-66). 

(3) The chemical composition of the above-ground biomass showed 
cyclic fluctuation values for N, P, K and Ca , being highest during 
lemming peak years, declining markedly the following year and more 
slowly, but continuously, until the next peak year. Na and Mg showed 
no correlation with the lemming cycles. For the y«petation in thè 
exclosures only small changes were recorded from^yêar-to-year (Pieper 
1964, Pitelka 1964, Schultz 1964? 1969:87-88 e.g. fig. 6). 

The results of these investigations and of similar ones on Lemmus 
obensis on the Taimyr peninsula (Tikhomirov 1959, see e.g. Batzli 
1975) show that lemmings may exert a considerable influence on their 
vegetation, causing cyclic fluctuations in both vegetation and ha
bitat conditions. However, the detailed accounts of the effects upon 
individual plant species are scarse, but their are reports that 
lémming impact may cause a dominance of grasses and sedges on the 
expense of mosses and lichens (Pjastalova 1972:130, Batzli 1975:264). 

Apart from above-mentioned works no long-term investigations on the 
relationship between microtine rodents and vegetation have been 
published. From Finland there are a large number of papers, which 
report precise information about the grazing intensities of several 
microtine species, in a wide variety of vegetation types, during or 
after peak years. These investigations show that in both northern 
and middle boreal vegetation types extensive grazing occurs. The re
sults can be summarized as follows (for location of the investiga
tion areas see fig. 1): 

(1) Lemmus lemmus. Data exist on the effects of winter-grazing du
ring the winters 1960/61 (Kalela et al. 1971) and 1969/70 (Kalela 
& Koponen 19 71), i.e. winters following lemming peak years. Kalela 
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et al. (op. cit.) have reported the effects of grazing on the vege
tation both above the tree limit in mountain areas and in the moun
tain birch-forest belt. L. lemmus showed a clear preference for li
verworts and the smaller mosses such as Dicranaceae and Polytricha-
ceae (except P. commune) species (see also Kalela et al. 1961:16f, 
Kalela 1971:6). The effects of grazing were quite marked, e.g. 20-
70 % of the moss cover was removed from different snow bed commu
nities although the vegetation on sites with a thin snow cover was 
scarcely affected. 

During the summer of 1969 L. lemmus migrated away from the mountain 
areas and established colonies, which over-wintered successfully, 
in the low-alpine coniferous forest belt. 11-62 % of the total moss 
cover was utilized, and still higher the most preferred species (cf. 
above). Above the tree limit 90 % of Polytrichum cover was eaten 
(Kalela & Koponen op. cit.). Nordhagen (1928a:336), too, mentions 
removal of 95 % of the P. commune cover by grazing at Sikkilsdal 
in the C. Norwegean mountains. 

(2) Clethrionomys rufocanus. Kalela (1957:47) reports values for the 
effects of winter grazing, after the population crash in the winter 
of 1955/56, in mountain birch forest. Vole grazing had a marked 
effect upon the dwarf shrubs e.g. Vaccinium myrtillus and V. uligi-
nosum (for further details see section 7.2.3). 

(3) Myopus schisticolor. Detailed reports have been given for the 
effects of grazing in the coniferous forest region. In N Finland 
Kalela et al. (1963a) reported consumption of 2-7 % of the moss 
cover. In S Finland Helminen & Valanne (1963) reported that 1-60 % 
of different forest mosses were consumed, although grazing in summer 
was only minimal. 

Although the investigations are few in number, their results are 
clear-cut, indicating that a marked impact occurs in a great vari
ety of vegetation types during microtine peak years. However, the 
implications forthe different plant species are still uncertain and 
there is a-great need for further long-term, investigations. 

A further group of relevant sudies are those under the auspices of 
the IBP, on the energy consumption of microtine rodents expressed 
as percentage of the total primary plant production. The presently 
available results have been summarized by Krebs & Myers (1974:327f) 
and Golley et al. (1975:229). They include information from forest 
ecosystems in Poland and Sweden, on average, about 2-5 % of the 
field layer and below 2 % of the total primary production (e.g. in
cluding the forest tree speices, too). 

However, these results must be interpreted with some caution. Data 
on the %ge consumption of the primary production, only including 
the above-ground biomass yield very little information about the 
effects on composition of the vegetation (cf. Tast 197 4). when in
terpreting the effect of microtine rodent grazing on the vegetation 
the following points should be borne in mind. 

(1) their ultimate influence depends very much on the particular 
part or parts of the plant which are consumed 
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(2) the time or times of the year during which grazing occurs 

(3) side-effects caused by burrowing, digging, collecting of nesting 
material, and formation runways. These effects have so far been al
most entirely disregarded in such energy balance studies. 

For perennial species the effects of autumn grazing, after the close 
of the vegetative period, winter grazing, during the resting period, 
and spring grazing, before the growth restarts, are much more severe 
than during the summer (cf. Thompson 1955:70, and the papers by Ka-
lela and Tast with co-authors cited above). Removal of units of ve
getative propagation, such as rhizomes, tillers, winter buds, pri-
mordia etc affect the plant more severely than grazing during the 
growing period, when a more selective grazing on most preferred plant 
parts (floral and annual shoots) occurs. Furthermore, during the 
period of snow-cover often more of the plant is bitten-off than is 
actually consumed. This applies to both dwarf shrubs and mosses. 
Shoots of dwarf-shrubs are bitten-off at ground level, although if 
only a part of the shoot is consumed. The older part of the shoot 
is often rejected (e.g. Vaccinium myrtillus). Mosses, if their api
cal parts are frozen into the snow, are bitten-off basally, thus 
causing heavy shoot losses, whereas during the snow-free season on
ly the shoot tops are bitten off (cf. O. Kalela et al. 1963b:35; 
see section 7.2.5). 

9.2 Cyclic fluctuations 

The present material indicates that most of the plant species fluc
tuated in a similar manner to the microtine populations. However, 
period of time was to limited to decide whether such cyclic fluc
tuations occur equally among the synchronous, time-lag and fugiti
ve species. For that a long-term investigation is needed. The popu
lations of most species did show such clear and unambiguous changes 
that cyclic fluctuations correlated with those of the microtine ro
dents can be postulated as being a common phenomenon in boreal fo
rest vegetation. 

Cyclic fluctuations have been demonstrated from the Kilpisjärvi 
area in northernmost Finland for Eriophorum angustifolium (Tast 
1966, 1975, Tast & Kalela 1971, Tast & Kaikusalo 1976) and Soli-
dago virgaurea (Tast & Kalela 19 71). Both species show a marked 4-
year cycle positively correlated to the rodent cycle (Tast & Kale
la op. •cit.: 12)• E. angustifolium shows a reduction of numbers of 
vegetative and floral shoots during microtine peak years and an 
increase in numbers of young shoots during the peak year or the 
following year. Changing numbers of floral shoots are also repor
ted from the Taimyr peninsula (Tikhomirov 1959) and from N Alaska 
(Pruitt 1968, Batzli 1975), with low numbers during lemming peak 
years. A synchronous change in numbers of floral shoots and seed
lings was also reported for Solidago virgaurea (Tast & Kalela op. 
cit., see further section 8.1.2.3). 

This implies that most of the dominant plant species should decline 
during or immediately after the microtine population peaks, follow
ed by a build-up phase during the microtine low years and attain 
peak numbers some time before the microtine population once again 
reaches its peak, i.e. despite a time-lag of one year the plant 
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cycles have a similar time-span to those of the microtine rodents. 
Only 'fugitive species' will be expected to decline at the end of 
each cycle. 

Furthermore, a field that should be thoroughly investigated is to 
what extent prédation on the seed population may lead to cyclic 
fluctuations in seed regeneration for different plant species. Stri
king examples on seed prédation are given in Batzli & Pitelka (1970 
a&b) and Golley et al. (1975:232f). 

However, no species in the present material shows such an adaption 
to rodent disturbancy as is supposed for Chaerophyllum prescottii. 
Seed germinates the year after fruiting. During the first year the 
initially normal Apiaceae seedling develops into a tuberous resting 
organ, which may remain dormant for more than 10 years. The dorman
cy is interrupted by some mechanical influence, in the steppes due 
to rodent activities, whereafter the plant develops, completes its 
life cycle and dies during one year (Rabotnov 1964). 

Nevertheless, the relationship between microtines and vegetation 
does not necessarily hold good everywhere and always. During peak 
years, the microtines are not evenly distributed throughout all 
middle and north boreal vegetation types, nor in all districts. A 
marked patchiness of species and numbers does occur. This means that 
their impact on the vegetation at times may vary, both between diff
erent geographical areas, and is often subordinate to the prevailing 
climate. In consequence the reaction of the vegetation due to the 
activities of microtine rodents may not always be clear-cut. I 
would postulate that such cyclic trends can be distinguished in 
most vegetation (north and middle boreal? see fig. 1) types, such 
as forests (except the driest), meadows, mire margins, wetlands, 
and alpine snowbeds (cf. section 9.1). As stated above variations 
in meteorological conditions (e.g. precipitation, snow cover etc) 
must always be taken into account (cf. e.g. Erkamo 1958, Havas 
1966). 

Several other suggested correlations in the fluctuations of ani
mal and plant populations in Fennoscandia should also be mentio
ned here, viz. 

(1) seed years for pine and lemming years in N Finland (Hustich 
1940, 1942) 

(2) seed years for spruce and wood-lemming years in Sweden (Svärd
son 1957:336) 

(3) seed years for spruce, birch, oak and beech and bird invasions 
in Sweden (Svärdson op. cit.) 

(4) berry-crop years of dwarf shrubs and willow-grouse years (Nord-
hagen 1928b). 

For further examples see e.g. Elton (1942) and Lack (1954). 
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9.3 Summary 

The commonly held opinion about the economic impact of microtine 
rodents on vegetation is that population peak years lead to consi
derable damage in forestry plantations (cf. e.g. Bärring 1963, 
Larsson 1973, 1975) and to agricultural and horticultural crops, 
fruit trees and ornamental plants (see e.g. Stenmark 1963, 1967, 
Myllymäki 1959, 1967, 1970, Kaverno & Myllymäki 1970). Bark damage 
to deciduous trees and shrubs, is also frequently mentioned (see 
e.g. L. Hansson 1969:444f, table 13). 

There is another side to the coin, however. Microtine rodents may 
also have positive effects in natural mature ecosystems, although 
this problem has hitherto received rather little attention (cf. 
e.g. TurSek 1968). These apply more especially to vegetation types, 
such as forests, in which the vegetational successions are gene
rally long-term and slow, i.e. so-called 'stable1 vegetation, for 
which local and short-term instability induced by such grazing and 
other activities helps to maintain diversity. The positive effects 
may be summarized as follows: 

(1) the possibilities of establishment by both vegetative means 
and from seed of different species of plants are enhanced in thé 
later (mature) stages of vegetational successions 

(2) concomitant to (1) is the maintainance of local species diver
sity (cf. the results reported by Summerhayes 1941) 

(3) by increasing possibility of seedling establishment it ensures 
maintainance of gene pool and the chances of genetic variation 

(4) may lead to increased availability of plant nutrients (fertili
zation, increasing break down) (Pieper 1964, Pitelka 1964, Schultz 
1964). 

(5) unlike the intensive effects of modern animal husbandry, the 
short-term cycles of microtine rodents allow vegetational recovery 
and do not lead to the ill-effects of overgrazing. 

In principle the effects of microtine rodents are similar to the 
impact produced by other animals, such as (1) digging for ground 
squirrels by badgers, Taxidea taxus (Piatt 19 75), (2) digging and 
foraging by prairie dogs, Cynomys 1. ludovicianus (Koford 1958), 
(3) building of houses and foraging in wetland vegetation by musk-
rat, Ondatra zibethica (Danell in press), (4) formation of ant-hills 
in grassland vegetation (King 1977), and (5) trampling by larger 
mammals e.g. moose and reindeer (Pettersson 19 76). 

To sum up, the most important point is the disturbance of the 
ground leading to a disruption of a closed vegetational cover. 
See further the review on the impact due to steppe rodents in 
Kucheruk (1963). 

The grazing effect alone, can be compared with that caused by most 
other animals, which if it is interrupted will lead to an increase 
for the most palatable species, but which also in the long run may 
cause a dominance of a few species (cf. e.g. Hope-Simpson 1941, 
Watt 196 2; cf. also the consequences of the drastic reduction in 
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the rabbit, Oryctolagus cuniculus (L.), populations in Europe foll
owing myxomatosis, e.g. in Great Britain (Thomas 1960) and in Swe
den (Pettersson unpubl.)). 

The postulate that grazing increases species diversity, pre-supposes 
that the dominant species are palatable to the herbivore, other
wise grazing will lead to reduced diversity and the total dominance 
of the unpalatable species (see Harper (1969:53ff) for a discussion 
of two British sheep-grazing experiments). 
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10 The vegetational dynamics of the boreal forest 

One important factor affecting the local and short-term vegetational 
succession in the boreal coniferous forest has been the occurrence 
of forest fires. Zackrisson (1977) considers that the boreal forest 
should be considered as representing a 'natural, fire-dependent, 
climax vegetation'. However, it should be added that forest fires 
to a large extent have been man-made (cf. Oinonen 1967b; and Zack
risson op. cit. for further references). In the river valley of 
Vindelälvenf Zackrisson (op. cit.) postulates that forest fires, in 
the period 1300-1975, occurred at a mean interval of 58.0 years 
(±39.8, n=81) in VT and 90.8 years (±47.1, n=69) in MT. 

The characteristic sequence of the successional stages of the vege
tation following forest fires has been described by several authors 
(see e.g. Kujala 1926c, Sarvas 1937, Siren 1955, Uggla 1958). Both 
the mode of dispersal and the rate of regeneration and colonization 
in post-fire successions vary considerably for different plant spe
cies, which is illustrated by the following sub-division scheme 
(adopted mainly from Kujala 1926c:29): 

(1) Predominantly anemochorous species (seeds, spores and/or vege
tative propagules) rapidly colonize after fire (e.g. Marchantia 
polymorpha, Ceratodon purpureus, Cladonia spp.). 

(2) Species which are dependent on survival of buried seeds for 
their regeneration. Seed dormancy may be broken by the increase 
in temperature during the fire. (e.g. Calluna vulgaris, cf. section 
8.1.1.1, Luzula pilosa). 

(3) Species that regenerate vegetatively from their surviving sub
terranean parts, usually those present beneath the humus layer, al
though tillers and rhizomes may survive in the humus layer after 
less intensive fires (e.g. Vaccinium myrtillus, V. vitis-idaea). 
The most abundant and frequent forest floor species often belong 
to this group and may recover vegetatively during the initial 10-
20 years after a fire (see Sarvas 1937:40, Uggla 1958:92). 

(4) A very interesting and numerous group of forest plants are those 
characterized by rather rare regeneration from seeds or spores, 
which furthermore is mostly confined to former fire sites. Some of 
these plants have been thoroughly investigated by Oinonen (1967a: 
Pteridium aquilinum, 1967c: Lycopodium complanatum, 1968: L. clava-
tum, L. annotinum, 1969: Convallaria majalis, Calamagrostis epi-
geios, 19 71: Gymnocarpium dryopteris, Majanthemum bifolium). 

(5) Species which have very superficial shoot systems, usually cree
ping above-ground (e.g. Linnaea and Empetrum) and weft mosses (e.g. 
(Hylocomium splendens and Pleurozium schreberi). These species are 
usually totally exterminated by forest fires. This group is consi
dered to recover only slowly, or very slowly, by seed, spores or 
vegetative propagules, e.g. for Pleurozium after 30-40 years (see 
Sarvas 1937:38). 

The general view is that colonization by new species and regenera
tion of those already present occurs during the early post-fire 
successions, usually during the first 10 years, but even up to 50 
years afterwards (Siren 1955 for HMT) and that subsequent changes 
in the ground vegetation of the mature forest are small and insig-
nifficant. However, very little detailed information in fact exists. 
Only a few species are able to regenerate by seed in closed, mature 
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forest with a dense bottom layer of mosses (cf. section 8.1.1.4 
and Kujala 1926a and Perttula 1941). For most species the regene
ration by seed can only occur when the moss cover is disturbed 
(see section 8.1.1). Such disturbances may occur on the death of 
members of the tree layer, due to senescence, pathological causes, 
or wind action (cf. Sernander 1936, Arnborg 1942:49ff). 

The importance of microtine rodents as suggested by the results 
of the present investigation, lies in the role in maintaining a 
mosaic character of the ground flora. The importance of the cyclic 
nature of the microtine population changes is that it enables new 
species to colonize and the already present to regenerate by seed 
at regular intervals during the slow long-term succession in the 
boreal forest. 

The true importance of the activities of microtine rodents are 
described by Nordfors (1924:29) and Arnborg (1942:72). Nordfors 
(loc. cit.) mentions that the mountain lemming, Lemmus lemmus, 
during its peak years has a positive effect on the vegetation of 
the mor-type birch forests in the Swedish mountains, which inclu
des : 

(1) local disruption of the moss and humus layer 
(2) increased litter decomposition 
(3) reduction of the Vaccinium myrtillus population 
(4) the fertilization due to e.g. its droppings 

Arnborg (loc. cit.) points out the disturbance of the humus layer 
in mor forests with a thick moss layer, HMT, which may support a 
natural seed regeneration for conifers. 
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Appendix 1 & 2 

Cover scale (%) used in the 
present investigation 

Distance scale (cm) used in th 
present investigation 

Range 
(%) 

Class 
(%) 

Range 
(cm) 

Class 
(cm) 

90 -100 95 
80 - 90 85 0- 1 
70 - 80 75 1- 2 
60 - 70 65 2- 3 
50 - 60 55 3- 4 
40 - 50 45 4- 5 
30 - 40 35 5- 6 
20 - 30 25 6- 7 
10 - 20 15 7-

8-
8 
9 

9 - 10 9,5 9- 10 
8 - 9 8,5 10- 20 
7 - 8 7,5 20- 30 
6 - 7 6,5 30- 40 
5 - 6 5,5 40- 50 
4 - 5 4,5 50- 60 
3 - 4 3,5 60- 70 
2 - 3 2,5 70- 80 
1 - 2 1,5 80- 90 

90- 100 
0,9- 1,0 0,95 
0,8- 0,9 0,85 
0,7- 0,8 0,75 
0,6- 0,7 0,65 
0,5- 0,6 0,55 
0,4- 0,5 0,45 
0,3- 0,4 0,35 
0,2- 0,3 0,25 
0,1- 0,2 

<0,1 
0,15 
0,05 

0,5 
1/5 
2,5 
3,5 
4,5 
5,5 
6,5 
7,5 
8,5 
9,5 
15 
25 
35 
45 
55 
65 
75 
85 
95 

The accurracy of cover estimates based on 50 1 m quadrats 
during two subsequent days. 

Dicranum scoparium (all values below 10 % cover ±4.8 % 
Linnaea borealis (d:o ±10.2 % 
Melampyrum pratense (all values below 20 % 132.1 % 
Pleurozium schreberi (all values above 25 % ±8.5 % 
Vaccinium myrtillus (all values above 30 % ±6.9 % 
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