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We have synthesized the data on population dynamics and densities o f rodents in 
seven biomes o f  the Palearctic (mainly western part), and related them to the data 
on standing crop o f  biomass and net productivity o f ground vegetation (as rough 
indicators o f food availability to rodents). Analysis o f 44 long-term (> 5 years) series 
o f rodent trapping showed that there was a continuum from highly cyclic to non-cyciic 
populations. Rodents inhabiting tundra, taiga, steppe, and farmlands (wintercrops) in 
the temperate zone have highest cyclicity indices. Definitely non-cyclic are rodents in 
the tem perate forests (mixed and deciduous forests, steppe woodland) and desert.

S tanding crop o f biom ass o f  ground vegetation  (analysis o f  63 data points) 
correlated positively with latitude; it was highest in the northern tundra and decreased 
towards South. Variation within biomes was most pronounced in the temperate zone, 
with forests having ground vegetation biomass as low as that in deserts, whereas 
farmlands in that zone — as high as that in tundra. In various habitats (natural open, 
farmland, and forested) located in seven biomes, the mean index o f  rodent cyclicity 
was significantly positively correlated to the mean standing crop o f ground vegetation.

N et productivity o f ground vegetation (30 data points) did not show latitudinal 
trends. It was lowest in desert, tundra, and all types o f forests, and highest in open 
habitats o f the temperate zone and steppes. Mean densities o f rodents (calculated as 
averaged spring and autumn estimates) were lowest in tundra, desert, and all types 
o f  forests (8—29 rodents/ha). The highest average densities were recorded in the 
farmlands o f temperate zone and steppe (143—490 rodents/ha), Mean and maximum 
densities o f rodents were strongly positively correlated with the mean productivity of 
ground vegetation.

D ichotom y between seasonal (non-cyclic) and multiannual (cyclic) fluctuations in 
rodent numbers was not found. The magnitude of seasonal changes in rodent densities 
(from spring to autumn) was a continuous variable related to the propitiousness of 
clim ate for plant growth. Irrespectively o f the type o f  population dynamics, seasonal 
changes in rodent densities were small in the coolest and the hottest biomes (tundra, 
desert) and big in the temperate zone.

Results o f our long-term study on predation on rodents in the temperate deciduous 
forests did not support the hypothesis on the role o f  specialist and generalist predators 
in shaping rodent dynamics. We found no qualitative difference between predatory 
im pacts by generalist and specialist predators. All predators exerted the heaviest 
im pact at low or moderate densities o f rodents (inversely density-dependent predation). 
Predation may be an important factor o f rodent mortality but it does not shape the 
pattern o f  rodent population dynamics.

Based on the observed vegetation-rodent correlations, we have proposed an inter­
pretation o f  the mechanisms o f  rodent population dynamics in the Palearctic biomes. 
A prerequisite for rodent cycles to occur is abundant winter food, which enables 
rodents to continue an increase phase beyond one growing season (by w inter breeding). 
H abitats w ith mean standing crop o f ground vegetation o f  over 4000 kg dry weight/ha 
in sum m er are expected to harbour cyclic populations o f rodents.
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Introduc tion

In the 1920s, C, Elton made a research trip to the European North and 
described 3—4-year cycles of lemmings and voles with a striking aspect of long 
distance migrations of lemmings in some peak years (Elton 1924, 1942). Later 
generations of scientists pursuing the explanation of cycles collected great amount 
of data and offerred several hypotheses, which emphasized either intrinsic 
regulation (physiological stress, Christian 1950; genetic polymorphism, Chitty 
1960) or extrinsic regulation (plant productivity and chemical composition, Kalela 
1962, Haukioja 1980, Laine and Henttonen 1983; predation, Hansson 1987). So 
far, however, no consensus has been achieved as to where and why rodents cycle 
(Pitelka and Schultz 1964, Krebs and Myers 1974, Hansson and Henttonen 1985, 
Lidicker 1988, Hanski et al. 1991, Batzli 1992).

In the 1920s, too, an expedition of Russian scientists (A. N. Formozov, K. A. 
Kazański!' and others) to Mongolian steppes found spectacular cycles of Microtus 
brandti with a striking aspect of their long distance migrations in some peak years 
(Kazanskii 1930). Numerous large scale programs that followed yielded a wealth 
of information but, usually, a specific set of abiotic and biotic conditions (with a 
strong emphasis on disease) was proposed as explanation for the observed 
phenomena (Naumov 1948, Kalabukhov 1949, Semenov-Tyan-Shanskii 1970, 
Dombrovsky 1971, Chernyavskii and Dorogoi 1981).

In the 1960s and 1970s, some studies of the International Biological Programme 
aimed at analysis of productivity of plants and cyclic or non-cyclic rodent popu-
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lations feeding on them (Hansson 1971a, Ryszkowski et al. 1973, Aulak 1973, 
Babińska-Werka 1979). Surprisingly, they contributed little to our understanding 
why rodent populations cycle. Oversimplified formulas from ecology textbooks 
(Krebs 1972, Begon et al. 1986) showing the latitudinal gradients in biomass and 
productivity of terrestrial vegetation, have led to a tenet that, also for small 
rodents, ‘resources generally diminish northwards’ (Hansson and Henttonen 1985), 
‘if there is any geographic trend in [carrying capacity of rodents], it decreases with 
increasing latitude’ (Hanski et al. 1991). Yet what is true for the whole vegetation, 
need not be true for all its layers alike. Arvicoline rodents are small terrestrial 
animals, to which only the abundance of ground vegetation (ie the whole vegetation 
in grasslands, but only forest floor vegetation in woodlands) is important. So far, 
the pattern of latitudinal variation in biomass or productivity of ground vegetation 
is unknown.

Moreover, the biomass and productivity concepts are often erroneously used 
interchangeably. Ecology textbooks have emphasized the difference between these 
two, but both the explanations of the differences (productivity to biomass relation 
is like ‘the interest rate on the capital’, Begon et al. 1986) and the large scale 
correlations between biomass and productivity in the world’s biomes can be 
misleading. In this paper, we use ‘biomass’ to refer to the standing crop of 
vegetation at any time, and ‘net productivity1 to mean the amount of new biomass 
produced during the course of a growing season.

The observed decline in cyclicity of microtine rodents in the N-S gradient in 
Fennoscandia (Hansson and Henttonen 1985) seems to be irreconcilable with the 
presumed increase of food resources from North to South. Instead, a predator 
regulation hypothesis has been proposed (Hansson 1987, Hanski et al. 1991). It 
states that specialist predators (mainly small mustelids), which dominate predator 
community in the North, contribute to rodent cycles, because they continue to 
hunt the few remaining rodents after the decline and have time lag in numerical 
response to changes in rodent numbers. Generalist predators, which are more 
numerous at southern latitudes, switch to alternative prey when rodents are scarse 
(an S-shaped functional response, Murdoch and Oaten 1975), and thus stabilize 
rodert dynamics. However, a change in predators cannot account for the fact that 
still farther South (in Central and Southern Europe) cycles of arvicoline rodents 
still occur and may be the rule rather than exception (Mackin-Rogalska and 
Nabaglo 1990).

In this paper, we synthesized some of the data on rodent dynamics in the main 
biomes of the Palearctic (particularly its western region; we sought data for eastern 
Palearctic in the cases of steppes and deserts) and related them to the data on 
standing crop of biomass and net productivity of ground vegetation (as rough 
indicators of food availability to rodents). Also, we analysed how the results of our 
long-ierm study on predation on rodents in the temperate deciduous forests 
perta.ned to the hypothesis on the role of specialist and generalist predators in 
shaping rodent dynamics.
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Material and methods

For the analysis o f vegetation patterns in the Palearctic, we focused on the following biomes: 
tundra, taiga (boreal forests), mixed temperate forests (here we classified both mixed coniferous­
-deciduous forests located in the transitional zone between boreal and nemoral forests, and coniferous 
forests located in the zone of temperate deciduous forests), steppe woodland, steppe, and desert. We 
considered only lowland vegetation. Higher altitude tundra was included only if located in the North 
(Northern Ural, Russia, and Hardangervidda, Norway).

In each biome, we sought for data on up to three types of habitats (i) forests, (ii) natural (and 
seminatural) open habitats, such as tundra, steppe, as well as marshes and unmown m eadows in the 
zones o f boreal and temperate forests, (iii) farmlands with cultivated wintercrops (eg alfalfa, rape, 
seed grasses). For all types of habitats, we looked for data on the standing crop o f biomass o f  ground 
vegetation in summer, and net productivity o f ground vegetation, collected generally by the m ethod­
ology o f International Biological Programme although with some modifications and adjustments to 
local conditions (eg Traczyk 1967, Gorchakovskii' and Korobeinikova 1975, Kjelvik and Karenlampi 
1975). As ‘ground vegetation’ we understand the layer o f plants potentially available to terrestrial 
rodents, ie the entire vegetation in tundra, scrub tundra, steppes, meadows, open sedge marshes, and 
low deserts. In the forests and tall scrub deserts, we considered the forest floor vegetation with dw arf 
shrubs (eg Ericaceae) and seedlings of trees and shrubs included. In all cases, only the above-ground 
phytomass was considered. Data on vegetation are listed in Appendix I.

For the analysis o f rodent populations, we selected long-term studies (N = 44) on the entire local 
community o f rodents, designed to obtain density estimate (N inds/ha) or abundance index (N inds/100 
trapnight) by trapping conducted in a well described habitat (undisturbed tundra and desert, forests, 
natural unmown grasslands and sedge marshes, wintercrops in farmlands). Series based on number 
o f burrow openings per hectare (numerous in Microtus arvalis and M. socialis studies) and on percent 
o f occupied colonies (in studies on steppe and desert rodents) were not used because the first measure 
overestimated and the latter one underestimated the amplitude of rodent fluctuations.

Cyclicity index (after Hansson and Henttonen 1985) is a standard deviation o f the logio of 
population size in autumn (the lowest values used were 0.1). This index reflects the amplitude of 
fluctuations but not their regularity or period length, Moreover, it yields higher values if minimum 
estimates o f rodent numbers are < 1 than in fluctuations with the same amplitude, i f  the minimum 
measure o f rodent abundance is > 1. In other words, cycles at lower densities of rodents will have 
higher cyclicity indices than cycles o f the same am plitude at higher densities. Despite these 
shortcomings, we chose this index to make our analysis comparable to the earlier studies (eg Hansson 
and Henttonen 1985, Mackin-Rogalska and Nabaglo 1990). We calculated cyclicity indices for all 
trapping series covering at least 5 autumn seasons. Data on rodent dynamics used for the analysis 
are listed in Appendix II.

We calculated the mean levels o f rodent densities in various habitats o f Palearctic biomes in the 
trapping series that had been conducted twice yearly (in spring and autumn) and designed to estimate 
the number o f rodents per unit area. Data and sources are listed in Appendix III, We emphasize that, 
for the analysis o f  both fluctuation patterns and densities o f  rodents, we considered only studies that 
surveyed the whole community o f small rodents. In some habitats, the ‘community’ was composed of 
one species (eg M icrotus arvalis in farmlands).

Data on vegetation and those on rodents come largely from different locations and years. In six 
cases only, were vegetation and rodents surveyed in the same locality, and in three o f  them vegetation 
and rodent surveys overlapped in time (Appendices I—III). Thus, in correlating vegetation parameters 
with measures of rodent cyclicity and density, we were not able to plot all data points o f one variable 
against those o f the other. Instead, we calculated mean estimates of biomass and productivity of 
ground vegetation in all habitats, and related them to the mean values o f rodent cyclicity index and 
density. It must be kept in mind that regression analysis done on mean values probably shows higher
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values o f  R2 than would have shown if all inter-habitat variation o f both variables could had been 
included,

The role o f  predation in shaping rodent population dynamics is discussed in the light o f  the 
hypothesis by Hansson (1987), developed further by Hansson and Henttonen (1988) and Hanski et al. 
(1991). We analysed, how the results o f our 7-year studies on predation on rodents in the temperate 
deciduous forests (Białowieża National Park, E Poland) pertained to the assumptions and predictions 
o f this hypothesis, particularly to its part regarding the stabilisation o f rodent dynamics by generalist 
predators at southern latitudes in Europe.

Analysis of literature data on rodent dynamics 
and abundance of ground vegetation

Palearctic view point on rodent dynam ics

The great variability in rodent dynamics can be organized in two gradients: 
from tundra in the North to desert in the South, and from woodlands to natural 
open areas (grasslands and marshes) to farmlands (wintercrops) (Fig. 1). The 
tundra communities of rodents are dominated by lemmings and voles in the genus 
Microtus which, in taiga and mixed forests, give way to voles in the genus 
Clethrionomys. In deciduous forests and steppe woodlands, C. glareolus and mice 
in the genus Apodemus predominate. In this N-S gradient from tundra to tem­
perate forests, the shift from 3-4-year cycles to non-cyclic seasonal fluctuations 
was described by Hansson and Henttonen (1985). Recently, a specific pattern of 
population dynamics was described for rodents inhabiting European deciduous 
forests with the oak Quercus robur (Pucek et al. 1993): 4—7 years of moderate 
densities and non-cyclic dynamics and 2 years of cycle-like outbreak and crash 
triggered by heavy crop of tree seeds (marked by arrows in Fig. 1). Since mast 
years of oak (stimulated by temperature patterns) occur synchronously from 
Moscow to Oxford, this ‘recurrent wave’ dynamics of rodents is synchronised 
wherever oldgrowth oak forests persist (Pucek et al. 1993). In mixed coniferous 
forests and young plantations, the seasonal fluctuations of rodents prevail (Fig. 1).

When we follow N-S gradient along natural open areas, from tundra to 
grasslands in the boreal and nemoral zones (mainly river flooded marshes, but 
also unmown meadows and fallow land in early stages of secondary succession), 
to steppes and deserts, the 3-4-year cycles of rodents (dominated by various 
Microtus species) occur everywhere except for the desert, where communities of 
rodents dominated by Rhombomys and Meriones gerbils usually do not cycle. A 
spectacular rise of the maximum densities of rodents is seen from tundra to the 
grasslands in the temperate zone. Still farther South, in dry steppes and deserts, 
densities fall again to the level lower than that in tundra (Fig. 1). The same pattern 
of population dynamics and density changes is clear in the N-S gradient of 
winterer op fields (Fig. 1).

It is noteworthy, that different dynamics types often occur in one locality. For 
instance, in Białowieża Forest (E Poland), forest rodents (Clethrionomys glareolus
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and Apodemus flavicollis) exhibit ‘recurrent wave’ dynamics, dominated by sea­
sonal fluctuations, whereas Microtus voles in the sedge marshes by the forest 
undergo 3—4-year cycles (Fig. 1). Similarly, in Revinge (S Sweden), Microtus 
agrestis in unmown meadows is weakly cyclic (Sandell et al. 1991), whereas M. 
agrestis and Apodemus sylvaticus in woodlots and forest plantations interspersed 
with open grassland show seasonal fluctuations (Hansson 1971a, Erlinge et al. 
1983).

Rodent cyclicity and biom ass o f ground vegetation

In the Palearctic biomes, the index of rodent cyclicity is related to the standing 
crop (biomass) of ground vegetation. In tundra and taiga, perennial dwarf shrubs 
(Ericaceae, Empetraceae, Salicaceae), mosses and lichens (supplemented by 
monocotyledons and forbs) dominate plant cover, and mate the standing crop of 
vegetation very high (Fig. 2A). Towards South, natural open areas become 
dominated with monocotyledons (Gramineae, Cyperaceae) and tall forbs, and 
summer standing crop of biomass is also very high. In contrary, in the temperate 
deciduous and mixed woodlands, where forest floor is dark in summer, ground 
vegetation (limited by sunlight) is dominated by spring ephemerals and forbs. As 
a result, the biomass of forest floor plants in deciduous and mixed forests is as 
low as that in the desert (Fig. 2A). The highest biomass is recorded in farmlands 
(data for the temperate zone only were available).

Standing crop of biomass of ground vegetation (a total of 63 data points) 
correlated positively with latitude (Spearman rs = 0.51, p < 0.01). This means 
that, generally, the biomass of ground vegetation decreases from North to South. 
There is, however, a great variation within biomes, particularly between open and 
forested habitats in the temperate zone. In the entire sample of data, differences

Fig. 1. Rodent dynamics patterns in the main biomes o f the Palearctic. Thick lines -  densities o f 
rodents (N/ha); thin lines -  relative abundance expressed as N individuals captured per 100 
trapnights (in such cases, the level o f  abundance was arbitrarily adjusted to the densities from other 
series in the same type o f vegetation). Each graph shows combined numbers (or indices of numbers) 
o f all main species of rodents, which constituted majority o f  all rodents occuring in a given locality. 
In the case o f very long series, the most typical 10-year fragment is shown. Main rodent species and 
sources o f  data are as follows (listed in the same order as the dynamics drawn in the graph from the 
left to the right): tundra -  Lien et al. (1975), Laine and Henttonen (1983); taiga -  Henttonen et al. 
(1987); farmland in the zone o f taiga -  Korpimaki and Norrdahl (1991a, b); mixed forests (forests in 
the transition between taiga and deciduous forests as well as natural and planted coniferous and 
mixed forests in the zone o f  temperate deciduous woodlands) -  Smirin (1964), Hansson (1971a), 
Goszczyński (1977), Zablotskaya (1971); natural and seminatural grasslands in the zone of mixed 
forests — Myllymaki (1977), Shilov ei at. (1977); farmlands in the zone of mixed forests — Karaseva 
(1960), Dombrovsky (1971); deciduous forests (arrows denote heavy crops o f tree seeds) -  Jędrzejewski 
and Jędrzejewska (1993), Jędrzejewski et at. (1992), Pucek et al. (1993); natural and seminatural 
grasslands in the zone o f deciduous forests -  Buchalczyk et at. (1970), Butet and Leroux (1993), 
Jędrzejewski et al. (1994); farmlands in the zone o f deciduous forests (including steppe woodland zone) 
-  Truszkowski (1982), Muntyanu and Sitnik (1994); steppe -  Kucheruk and Dunaeva (1948), Tarasov 
(1983), Petrov and Rozhkov (1963); farmlands in the zone o f  steppe — Kadochnikov (1953), Gladkina 
(1968); desert -  Dubyanskii and Dubyanskaya (1980); farmlands in the zone o f (sem i)desert -  
Rapoport and Semenova (1962). See Appendices II and III for details.
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Fig. 2. Relationship between standing 
crop o f  biomass o f ground vegetation and 
rodent cyclicity index.
(A) Standing crop o f  alive ground vegeta­
tion (in tons of dry weight o f the above­
-ground phytomass per hectare in sum ­
mer) in seven main biomes. Each point 
is one study plot. Shapes o f  symbols are 
specific for each biome. Open symbols — 
natural and seminatural open areas; open 
sym bols with dots -  farm lands; filled 
symbols -  forests. Horizontal bars are 
averaged values for all points in a given 
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the whole vegetation in low and dw arf 
shrub tundra, grasslands, deserts and 
farmlands, and the floor vegetation (ie 
all soft tissue plants, dwarf shrubs and 
tree seedlings, but no trees or tall shrubs 
included) in the forests and tall scrub 
desert. Sources o f  data are listed in 
Appendix I.
(B) Cyclicity indices o f rodents in various 
vegetation types in seven biomes o f the 
Palearctic. Cyclicity index (after Hansson 
and Henttonen 1985) was calculated for 
the studies > 5 years showing density 
(N/ha) or number o f rodents/100 trap- 
nights. Sources o f data and species of 
rodents trapped are listed in Appendix II.
(C) Relationship between mean index of 
cyclicity (graph B) and the mean standing 
crop o f  biomass o f the ground vegetation 
(graph A) in the Palearctic biomes. In 
deciduous forests, average crop o f tree 
seeds (1.1 tons/ha), an important food to 
rodents, was added to the mean standing 
crop o f ground vegetation (see Appendix I).
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between 10 vegetation types accounted for 65% of total variation in standing crop 
of ground vegetation (one-way ANOVA, F = 10.938, df = 9, p < 0.0005). In pairwise 
comparisons of ground vegetation biomass, tundra differed significantly from 
mixed and deciduous forests, steppe and desert (p from < 0.0005 to 0.009), taiga 
from deciduous forests (p -  0.03), and farmlands in the zone of deciduous forests 
from mixed forests, deciduous forests, steppe, and desert (p from < 0.0005 to 0.03).

The index of cyclicity was calculated for 44 series of rodent trapping that were 
conducted in well defined habitats, to which we could assign plant biomass and 
productivity characteristics. According to Hansson and Henttonen (1985), index 
value > 0.5 categorises the population as cyclic, and < 0.5 as non-cyclic. If we 
accept this schematic division, rodents in tundra, taiga, grasslands in the zone of 
taiga, in steppes, and in farmlands in the zones of temperate forests, steppes and 
deserts are cyclic. Definitely non-cyclic are rodent communities in the mixed and 
deciduous forests, steppe woodlands and deserts (Fig. 2B).

Differences between 16 vegetation types accounted for 71% of the total 
variation in cyclicity indices (one-way ANOVA, F = 4.551, df = 15, p < 0.0005). In 
pairwise comparisons, cyclicity indices of rodents in tundra differed significantly 
from those in mixed forests, deciduous forests, and deserts (p from 0.001 to 0.03), 
taiga forests from mixed and deciduous forests {p = 0.01 and 0.04), farmlands in 
the zone of deciduous forests from mixed forests (p = 0.025), and mixed forests from 
the farmlands in the zones of steppe woodlands and steppes (p = 0.048 and 0.025).

For rodents in nine vegetation types located in seven biomes, the mean index 
of cyclicity was significantly related to the mean standing crop of ground vegetation 
(Fig. 2C). This suggests a cause-effect relationship: high standing crop of biomass 
means abundant food for rodents. Rodents do not appear to cycle in ecosystems 
where they have insufficient food resources in winter (see the last section). From 
the regression shown in Fig. 2C, it can be predicted that habitats with mean 
standing crop of ground vegetation of over 4000 kg dry weight/ha in summer 
harbour cyclic populations of rodents.

Cyclicity indices did not correlate with latitude (Spearman rs = 0.13, p = 0.3, 
n = 44). If only latitudes > 55"N and all types of vegetation are considered, a 
significant correlation was detected (r8 = 0.51, p < 0.05, n = 22), which conforms 
to the earlier findings (Hansson and Henttonen 1985). However, if one type of 
habitat (grassland) in the whole spectrum of latitudes was analysed, no significant 
correlation between cyclicity index and latitude was found (rs = -0.19, n -  9, p -  
0.7). Cyclicity indices were not related to productivity of ground vegetation 
(calculated on mean values for 8 habitats with data available; R2 = 0.15, p = 0.3)

Summer decline is a consistent feature of cyclic northern populations (Hansson 
and Henttonen 1985). However, the incidence of decline during summer seasons 
within the decline phase of cyclic populations is higher at southern latitudes. It 
was 50% in tundra, 52% in taiga forests, 70% in open habitats in the zone of taiga 
(grasslands and farmlands combined), 75% in open habitats in the zone of mixed 
forests, 63% in open habitats in the zone of deciduous forests, and 86% in steppes
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Rodent cycles and ground végétation 11

(natural and cultivated areas combined) (sources: all series with spring and 
autumn data points listed in Appendix II, and Microtus arvalis from Wałbrzych, 
Wroclaw, and Szczecin regions in Poland; Romankow-Żmudowska and Grala 1994).

Rodent densities and plant productivity

Productivity in terrestrial ecosystems is shaped by temperature, precipitation 
and sunlight (Lieth 1975) but it does not grow in the N-S gradient in all types 
and layers of vegetation alike. In woodlands, especially in deciduous and mixed 
ones which as a whole are very productive ecosystems (O’Neill and DeAngelis 
1981), the amount of sunlight reaching forest floor is so small that productivity 
of ground vegetation is low and comparable to that in the deserts (Fig. 3A). In the 
biomes of Pale arctic, productivity of ground vegetation is lowest in desert and 
boreal and nemoral forests. In deciduous woodlands, tree seeds (mainly oak, 
hornbeam and beech) add from 0 to 5 tons/ha of high quality food to rodents 
(Falińska 1971, Mezhzherin and Mikhalevich 1983). Ground vegetation produc­
tivity is somewhat higher in tundra, and very high in natural grasslands of the 
temperate zone (Fig. 3A). Farmlands (wintercrops) have the highest productivity 
among the Palearctic terrestrial ecosystems. No information on crops in steppes, 
desert, and boreal zone was found.

In the whole sample of 30 data points, productivity of ground vegetation was 
not related to the latitude (rg = 0.23, p > 0.05). Differences between the nine 
vegetation types accounted for 88% of the total variation in productivity (one-way 
ANOVA, F = 20.061, df = 8, p < 0.0005). Significant differences in pairwise 
comparisons were between all types of forests and all open areas (both natural 
and cultivated) in the temperate and steppe zones (p  from < 0.0005 to 0.01), and 
between the desert and all other types of open areas except for tundra (p from < 
0.0005 to 0.003). Productivity of ground vegetation in forests and that in desert 
did not differ (p from 0.9 to 1.0). Productivity of tundra was significantly lower 
than that in the open areas in the zone of deciduous forests (p from < 0.0005 to 
0.03). There was no significant correlation between the mean productivity of 
ground vegetation and the average standing crop of biomass in the nine vegetation 
types (r = 0.482, n = 9, p = 0.2).

Average densities of small rodents in 14 vegetation types were low in deserts, 
all types of forests, and tundra (8-29 rodents/ha, Fig. 3B). Natural open grasslands 
in the zones of mixed forests, deciduous forests, and in steppes were characterised 
by mean densities of 88-144 rodents/ha. The highest average densities were re­
corded in the farmlands of temperate zone and steppe (308 inds/ha in alfalfa fields 
and 490 inds/ha in poorly harvested or unreaped corn fields in steppes) (Fig. 3B).

Differences between the 14 vegetation types accounted for 26% of the total 
variation in mean densities of rodents (one-way ANOVA, F = 7.621, df = 13, 
p < 0.0005). In pairwise comparisons, densities in farmlands in the zone of 
deciduous forests differed from those in deserts (both natural and cultivated areas), 
tundra, taiga (both vegetation types), mixed forests, deciduous forests, and
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farmland in the zone of mixed forests (p from< 0.0005 to 0.02), Densities in the 
farmlands in steppe differed from those in all other types of vegetation except for 
farmlands in the zone of deciduous forests (p from < 0.0005 to 0.001).

Mean densities of rodents were related to productivity of ground vegetation 
(Fig. 3C) but were not to standing crop of biomass (R2 -  0.24, n = 8, p = 0.2). Also, 
the maximum densities of rodents reported from various vegetation types grew with 
increasing mean productivity (Y = -79.46 + 135.2OX, R2 = 0.90, n -  8 vegetation 
types, p < 0.0005) and were not related to the standing crop of biomass (Jft =0.18, 
p  = 0.3). Obviously, high productivity of vegetation means fast renewal of food 
resources after grazing, and, in consequence, enables rodents to live in high densities.

In the Palearctic, reproductive season of rodents lasts from spring through 
summer, although winter breeding occurs during increase phase in all cyclic 
populations (Nikiforov 1956, Tast and Kaikusalo 1976), and it precedes outbreaks 
in the deciduous forests (Pucek et al, 1993). In the arctic, boreal and nemoral 
regions, autumn (post-breeding) densities of rodents are usually higher than spring 
(pre-breeding) densities (Fig. 1). At southern latitudes (Mediterranean region, 
steppe, desert), a mid-summer pause in reproduction occurs as a physiological 
consequence of water deficit in rodents (Alikina 1959, Pavlov 1959), and spring 
densities are usually higher than autumn ones (Fig. 1). The difference between 
mean densities sampled twice a year expressed as percent of the higher (post­
-breeding) densities was used as an index of seasonality of rodent density changes 
(Fig. 4). Irrespectively of the type of dynamics, the weakest seasonal changes in 
densities were found in the coolest (tundra, taiga) and the hottest (steppe, desert) 
biomes. Index of seasonality was highest in the temperate zone in both cyclic and

forest land & desen

Fig. 4. Seasonal changes in rodent densities (dots) in relation to the climatic index (climate pro­
pitiousness for plant growth; line) in the Palearctic. Symbols o f biomes and habitat types as in Fig. 2. 
Index o f seasonal changes in rodent density: difference between mean autumn and mean spring 
density expressed as percent o f post-breeding season density (autumn in arctic, boreal and temperate 
zones, and spring in steppe and desert). Sources o f data as in Fig. 3. Climatic index: T  x 0.01P, where 
T  -  mean temperature o f July (in "C) and P  -  mean annual precipitation (in mm) for each biome 
(values o f T  and P  from Podbielkowski 1975 and Mityk 1978).
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non-cyclic rodents, which conformed to the geographic pattern of climate pro­
pitiousness for plant growth (Fig. 4). There was no correlation between mean 
indices of cyclicity and seasonal changes in rodent density in 14 habitat types 
(r = 0.27, n = 14, p = 0.3).

Role of predation in shaping rodent dynamics -  hypotheses 
and results of empirical studies

The hypothesis on the role of predation in driving the cycles or maintaining 
the non-cyclic fluctuations of rodents is based on the assumption of qualitatively 
different impact by specialist predators (weasel Mustela nivalis and stoat Mustela 
erminea that dominate among resident predators in the North) and generalist 
predators (fox Vulpes vulpes, buzzard Buteo buteo, tawny owl Strix aluco, and pine 
marten Martes martes that dominate at southern latitudes) (Hansson 1987, 
Hansson and Henttonen 1988, Hanski et al. 1991), The crucial assumptions of 
predator regulation hypothesis are: (1) specialist predators have destabilizing 
effect on rodent numbers through continued effective hunting of the few remaining 
rodents after the decline, and may drive rodent cycles by a substantial time lag 
in their numerical response (Andersson and Erlinge 1977, Hanski et al. 1993, 
Norrdahl 1995); (2) generalist predators in the presence of abundant alternative 
prey have stabilizing effect on rodent numbers because of an S-shaped functional 
response and fairly stable numbers, which in consequence are expected to produce 
density-dependent percent predation on rodents (Andersson and Erlinge 1977, 
Erlinge et al. 1984, 1988, Hansson 1987). However, this hypothesis can not explain 
rodent cycles in open grasslands and farmlands in the temperate zone, steppes 
and semideserts (where both numerous generalist and specialist predators are 
present, Jędrzejewski and Jędrzejewska 1993), nor are its basic assumptions 
supported by field research.

A long-term study in Finland (Kaikusalo 1982) showed no time lag in least 
weasel numerical response to the changes in abundance of cyclic rodents. In our 
7-year study in deciduous forests (E Poland), where rodents show recurrent waves 
of outbreaks-crashes after mast years, a numerical response of weasels to changes 
in rodent numbers took place, without a time lag, in spring-summer seasons, when 
weasels reproduced (Jędrzejewski et al. 1995). Data obtained by Tapper (1979) 
and Korpimaki et al. (1991), who sought to document the time lag in weasel 
populations, were inconclusive because their methods were inadequate to test 
numerical responses.

Tapper (1979) collected weasel carcasses from January until June, so the sample 
represented the survival of the previous year weasels rather than the current year 
numbers. Reproduction parameters (percent females pregnant and mean number 
of embryos per pregnancy) were positively correlated with the rodent numbers in 
the same year, which indicates no time lag in weasel numerical response.
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Korpimaki et al. (1991) and Norrdahl (1995) snowtracked weasels in early and 
late winter on short transects (totally 0.5-2.5 km) and trapped rodents in spring 
and autumn. They found that index of weasel abundance correlated with rodent 
abundance with 0.5 and 1-year delay. However, Korpimaki et al. (1991) did not 
census weasels in summer and thus missed the spring-summer increase and the 
yearly peaks of weasel numbers.

Our radio-tracking study on male weasels revealed that their home ranges 
increased from an average of 24 hectares during rodent outbreak in 1990 (300 
rodents/ha) to 167 hectares during crash of rodents in the following year (10 
rodents/ha) (Jędrzejewski et al. 1995). Parallelly, density and mobility of weasels 
greatly varied. From early winter 1990 till spring 1991, when rodents crashed, 
the density of weasels declined 7 times (from 5.1 to 0.7 ind/km2), whereas the 
mobility of male weasels (measured by number of tracks crossing a transect) 
increased 17 times (Jędrzejewski et al. 1995, and unpubl. data). We emphasize 
that tracking index can be a valuable measure of weasel abundance only as an 
auxiliary method, applied together with other techniques, such as live-trapping 
and radio-tracking.

Evidently, a short time lag in weasel response to changes in rodent numbers 
may occur, but especially careful methodology and year-round censusing is needed 
to document it. Our study (Jędrzejewski et al. 1995) and that by Tapper (1979), 
indicated that weasels adjust their breeding effort to spring numbers of rodents. 
In the decline phase of cyclic microtines, high spring numbers of voles are often 
followed by summer decline. In such years, a belated outbreak of weasels (in 
summer, ie few months after rodent peak) may occur and deepen the decline of 
voles (see eg Goszczynski’s 1977 study on cyclic Microtus arvalis and Kucheruk 
and Dunaeva’s 1948 observations on cyclic Microtus brandti). The long (9-month) 
time lag in the numerical response of weasels necessary to produce vole cycles 
(May 1981, Hanski et al. 1993) has not been found so far.

A one-year lag time in numerical response has only been observed in carnivores 
with delayed implantation: the pine marten in temperate forests (Zalewski et al. 
1995), and the stoat in northern Finland (Kaikusalo 1982) and open habitats in 
Switzerland (Debrot 1983).

Other observations also create difficulties for the predation hypothesis. For 
instance, similar patterns of weasel predation have been reported for forest rodents 
in the deciduous forests with occasional outbreaks (Jędrzejewski et al. 1995), for 
a cyclic population of Microtus arvalis in the farmlands of central Europe 
(Goszczyński 1977), and for non-cyclic gerbils in the Turkmen deserts (Gorbunov 
1983). On Wrangel Island, lemming populations cycle in absence of weasels, stoats 
and any predators specialised on rodents (Chernyavskii and Dorogoi 1981).

In deciduous forests in E Poland, we found no qualitative difference between 
impact by generalist (tawny owls, pine martens) and specialist predators (weasels) 
(Fig. 5). Each of the three species exerted the heaviest impact at low and/or 
moderate densities of rodents. According to predator regulation hypothesis, this
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intervals in consequence of heavy crops of tree seeds) rodents in European deciduous forests (Bia­
łowieża Forest, E Poland; combined numbers o f Clethrionomys glareolus and Apodem us flavicollis). 
(A) W inter (1 October -  15 April) predation by three most numerous species o f predators in relation 
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rodents still bred in autumn so the number of rodents removed by predators in winter was somewhat 
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seeds. (B) Percentage predation by the three predators in winter in relation to autumn densities of 
rodents (Jędrzejewski et al. 1995, 1996, Zalewski ef al. 1995). Percent predation by all species 
compared to the frequency distribution o f autumn densities of rodents recorded during 23 years 
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overestimates o f predation rates in years o f low rodent densities.
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Table 1. Results o f the study on predation on rodents in Białowieża Primeval Forest (E Poland) 
compared to the predictions o f predation regulation hypothesis (PRH). (+) confirmation of hypothesis, 
(—) results contradictory to the hypothesis.

Generalist predator Specialist predators

Parameter
Predicted by PRH

Observed in 
Białowieża F orest Predicted by PRH

Observed in 
Białowieża Forest

Dietary 
response 
to rodent 
fluctuations

Shift to alternative 
prey, when rodents 
scarse; S-shaped 
functional response

Continued hunting, 
when rodents 
scarse; Functional 
response of 
logarithmic type 

( - )

Continued hunting 
when rodents scarse

Continued hunting 
when rodents scarse 

(+)

Numbers Stable Fairly stable 
numbers o f tawny 
owls; delayed 
numerical response 
(1-yr lag) by 
martens

(+ /-)

Delayed numerical 
response to rodent 
fluctuations

Numerical response 
with no delay

C-)

Predation 
impact 
{% predation)

Density-dependent, 
heaviest at high 
rodent densities

Inversely density- 
dependent, heavy at 
low numbers of 
rodents (heaviest at 
the most frequent 
densities)

( - )

Inversely density- 
dependent, heaviest 
at declining 
numbers of rodents

Inversely density- 
dependent, heaviest 
at low numbers o f 
rodents

(+)

Consequences 
for rodent 
populations

Regulation 
(stabilisation) o f  
rodent numbers

Limitation o f rodent 
numbers, deepening 
the crash 

(-)

Destabilisation, 
driving the cycles

Limitation o f  
rodent numbers, 
deepening the crash 

( - )

is expected of specialists (weasels), only. Moreover, at very low densities of rodents, 
predation by weasels was small as compared to that by tawny owls and pine 
martens, because weasels died or emigrated, whereas generalist predators, due to 
their ability to supplement diet with alternative prey, maintained fairly high 
numbers and continued to hunt rodents (Jędrzejewski et al. 1994, Zalewski et al. 
1995). Both tawny owl and pine marten had functional response described by 
logarithmic function and not S-shaped one (Zalewski et al. 1995, Jędrzejewski et 
al. 1996). Thus, the role of generalists was quite reverse to that proposed by 
predator regulation hypothesis (Table 1).

Percentage predation by tawny owls on bank voles near Oxford (Southern and 
Lowe 1982) also declined with growing densities of voles. These two studies
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conducted in deciduous forests (in Białowieża and Oxford) showed that the 
predictions of predator regulation hypothesis on the role of generalist predators 
in non-cyclic rodent populations are not valid. In Białowieża Forest, their predation 
was nearly constant over moderate and high densities of rodents and declined 
during crash years and soon after the crash, only (Fig. 5A). This produced an 
inverse density-dependence in percentage predation over most years (Fig. 5B). 
Predators maximally exploited the most frequent densities of rodents.

Sinclair (1989) defined the regulating factors as those acting in a direct density­
-dependent way, and limiting factors as those changing the level of densities. In 
deciduous forests in Poland, total percentage mortality of rodents in winter was 
density-dependent and had a strong regulatory impact, but percentage mortality 
caused by all predators was inversely density dependent (Fig. 5C). Similarly, 
Scandinavian studies (Erlinge et at. 1983, Erlinge 1987) have found that the total 
percentage mortality was density-dependent, and that heavy predation on rodents 
occurred. However, they have not shown that percentage predation acted in a 
density-dependent way. Thus, predation appears to be an important limiting, but 
not regulating factor. Other factors that cause density-dependent mortality have 
to act together with predation to stabilise rodents in deciduous forests.

In cyclic populations of rodents in all regions (from tundra to temperate 
grasslands to semideserts), different communities of predators exist. Nomadic 
avian predators often dominate such communities and can effectively seek areas 
with rodent peaks. They show strong numerical responses to changes in rodent 
abundance with practically no time lag (Kadochnikov 1953, Gibet 1960, Korpimaki 
1994). Although these predators show some density dependence in the percentage 
of prey taken (Korpimaki and Norrdahl 1991a, b), they are not able to stabilize 
cyclic rodents in open habitats.

In conclusion, we propose that communities of predators can not change the 
type of dynamics, although they may be an important factor of mortality and can 
effectively lower densities of rodents. Thus, they act as a limiting, but not 
regulating, factor in rodent populations. This conclusion is consistent with 
manipulative experiments with predator exclusion (Schnell 1968, Erlinge 1987, 
Desy and Batzli 1989, Bock and Bock 1994).

Discussion -  interpretation of observed vegetation-rodents 
correlations as cause-effect relationships

In the analysis and synthesis of the available empirical data we have demon­
strated correlations between abundance of vegetation and patterns in rodent 
fluctuations in the Palearctic biomes. However, to interpret these correlations as 
cause-effect relationships, it would be necessary to evidence that the analysed 
measures of vegetation are directly linked to nutritional factors. We are aware of 
the fact that the two measures of ground vegetation used in this paper (standing
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crop of biomass and net productivity) are rough approximates of true quantity and 
quality of plants utilised by rodents. Nonetheless, we propose an explanation of 
the mechanisms of rodent population dynamics based on the observed phenomena.

Although equally high indices of cyclicity were found in all biomes with high 
standing crop of ground vegetation (tundra, grasslands and farmlands in the 
temperate zone), rodent cycles are somewhat different in each biome because of 
higher densities of rodents with increasing productivity, and seasonality. Plant 
productivity and biomass, rodent density, seasonality, and in consequence index 
of cyclicity are continuous variables. But for the sake of clarity, we will focus on 
three well defined examples (Fig. 6): (1) tundra (low densities of rodents, high 
cyclicity index, high biomass of vegetation, low productivity, weak seasonality),
(2) grasslands in the temperate zone (high densities of rodents, high index of 
cyclicity, high biomass and productivity of vegetation, strong seasonality), (3) 
temperate deciduous forests (low densities of rodents, non-cyclic dynamics, low 
biomass and productivity of ground vegetation, strong seasonality). Adding a 
fourth example, the desert (low densities of non-cyclic rodents, low biomass and 
productivity, and weak seasonality), would practically complete the possible 
combinations of factors that shape rodent dynamics in the Palearctic.

A prerequisite for cycles is winter food abundant enough to enable rodents to 
continue an increase phase beyond one growing season (longer reproductive season 
or even winter breeding). In tundra, about 40-50% of alive vegetation is made up 
by earlier years’ leaves and stems (Fig. 6). Thus, winter biomass of alive plants 
is very high: about half of the summer standing crop. Tundra vegetation supplies 
fair winter food (additionally well preserved by deep snow) to rodents, but due to 
relatively low productivity (and high proportion of low quality food, such as mosses 
and lichens), it offers limited possibility of spring-summer increase of rodent 
numbers.

Multiannual variation in vegetation abundance in tundra and taiga is shaped 
by both temperature and biological properties of northern plants. Plants need 
several summers (a certain threshold of accumulated degree-days) to build up 
reserves for flowering and fruiting (Kalela 1962). When these reserves are accumu­
lated, the abundant flowering and mass production of berries and seeds occur and 
may cause increase phase of microtines in the following winter or spring (Laine and 
Henttonen 1983). In peak years, heavy grazing by rodents on all plants (even on 
bark of wooden stems) may strongly influence vegetation, especially seed and fruit 
production in the following year, and is conducive to synchronous decline of several 
species of rodents (Jarvinen 1987). Food-related mechanism of northern cycle of 
rodent was proposed by Kalela (1962), and later, it was analysed and further 
developed by Hansson (1979), Laine and Henttonen (1983), and Jarvinen (1987).

In grasslands of the temperate zone, vegetation is dominated by soft-tissued 
perennial monocotyledons, and standing crop of biomass is very high in summer 
(Fig. 6). Productivity is high, but the turnover is fast, too. In winter, the standing 
crop of alive biomass is 10-20% of that in summer, ie 100-400 kg/ha of soft-tissued
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plants (which is still much more than in the temperate forests) and a lot o f dead 
plant material serves as protective and insulative cover (Fig. 6), In steppes, 
190-900 kg dry weight of green vegetation per hectare may overwinter under 
snow (Bazilevich and Shmakova 1984). Seasonal variation in the standing crop of 
biomass in the temperate grasslands is more pronounced than that in tundra and 
taiga. One consequence may be that the difference between mean spring and 
autumn densities of rodents is greater (Figs 1 and 4).

In the temperate and steppe grasslands, multiannual variation in the standing 
crop of biomass is very pronounced, because it does not rely on few years’ accumu­
lation of reserves, but on a current year productivity, which is shaped by tempera­
ture and precipitation in a given year. Temperature should be more important in 
the boreal and nemoral zone, whereas precipitation would be crucial in steppes 
and deserts. In 11-year studies on plant biomass in the steppe in SerpukhovskiY 
region, near Oka river (Danilov 1988), summer standing crop of biomass varied 
nearly 5-fold (from 869 to 4089 kg/ha) in response, primarily, to variation in 
rainfall of the current spring (April-June). In grasslands, winter crop of biomass 
is a function of vegetation abundance in the previous summer (Bazilevich and 
Shmakova 1984), so summers with abundant biomass foster increase phase and 
peaks of rodents in the following year. At southern latitudes, where snow cover 
is shallow or absent, rodents often store large quantities of plant shoots and seeds 
for winter in deep burrows (Kucheruk and Dunaeva 1948, Krylova et al. 1954).

In temperate deciduous forests, ground vegetation is dominated by soft-tissued 
dicotyledons. In winter, standing crop of alive plants is very small, from 13 kg/ha 
in beech forests to 100 kg/ha in oak-hornbeam forests (20-30% of summer standing 
crop; Kazmierczakowa 1967, Aulak 1976). Thus, rodents may regularly face food 
shortage in winter and early spring. Their winter mortality is, on average, 80% 
and winter breeding is usually not possible. Such high, density-dependent 
mortality (Pucek et al. 1993) with no winter breeding prevents cycles and shapes 
seasonal fluctuations. However, tree seeds are important food resources for rodents 
in oak-beech and oak-hornbeam forests. The mechanism of masting in trees is 
analogous to that of seed/fruit production in tundra vegetation. Trees need several 
years to accumulate energy and nutrient reserves and during a particularly warm 
summer, they abundantly produce flower buds, which develop seeds in the 
following year. One or two years after masting, seed crop is nil or very poor. Mast 
years of oak Quercus robur occur at 6-9-year intervals synchronously over vast 
areas of the temperate forests (Pucek et al. 1993). In winter after the fall of mast, 
forest rodents often breed, thus an outbreak begins. By the second winter, food 
supply is very poor and the crash of rodents takes place (Pucek et al. 1993). In 
forests with no masting species (eg ash-alder forests, birch forests, natural 
coniferous forests in the temperate zone, young stands not yet fruiting), rodents 
have only seasonal fluctuations with no recurrent waves of outbreaks and crashes.

Cycles of rodents in northern ecosystems and the recurrent waves of outbreaks 
and crashes in the oak/beech forests have rather regular periods because they
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depend on accumulation of energy reserves by plants. In contrary, in grasslands, 
fluctuations in plant abundance are due to immediate response by plants to 
weather conditions, so fluctuations of rodents are less regular there, although 
rodent-plant and rodent-disease interactions may contribute to periodicity of cycles 
in grasslands and farmlands (eg Kucheruk and Dunaeva 1948).

Non-cyclicity of rodents in deserts, where some vegetation is available during 
winter, has somewhat different mechanism than that in deciduous forests. The 
breeding of rodents pauses twice each year, in winter (cold season) and in mid-sum­
mer (drought). Thus prolonged increase phase of rodent numbers is not possible 
except for years with abundant rainfall. In such years, flourishing plant resources 
allow mid-summer reproduction and may cause outbreaks of rodent numbers in the 
following spring (Pavlov 1959, Marinina 1970, Dubyanskii and Dubyanskaya 1980).

Our proposed explanation for the geograhic pattern in cyclicity of rodents in 
the Palearctic region is consistent with experiments on food addition to rodent 
populations. Generally, supplementary food increased the densities and amplitude 
of fluctuations but did not decrease cyclicity (Andrzejewski 1975, Bujalska 1975, 
Cole and Batzli 1978, Taitt and Krebs 1981, Henttonen et al, 1987). This can be 
deduced from our Figs 2 and 3.

Finally, we emphasize that in the relationship between rodent cyclicity and the 
standing crop of ground vegetation in summer (shown in Fig. 2), the summer 
biomass of vegetation was used as an index of food resources for rodents in the 
following winter. Winter biomass is a function of previous summer biomass but 
in somewhat different way in each zone. It must be noted, that in places, where 
summer standing crop of vegetation is high but none or very little of it remains 
for winter (eg in ploughed fields after the harvest of annual crops, repeatedly 
mown meadows, grazed pastures), rodents do not cycle because of shortage of 
winter food (Truszkowski 1982). Thus, modem farming has been much relieved 
from ’mouse plagues’ as compared to the medieval three-field system, which had 
fostered rodent outbreaks by annual fallowing of the one-third of area.

In conclusion, based on the most reliable long-term data collected by compatible 
methods in Europe and the former Soviet Union, we showed that:

(1) population dynamics of rodents in various biomes are linked to the standing 
crop of biomass of ground vegetation (high biomass means high cyclicity of 
rodents);

(2) the level of rodent densities is correlated with net productivity of ground 
vegetation;

(3) in all types of habitats and rodent dynamics, predation on rodents can be 
important factor of mortality, but seems unlikely to shape the pattern of rodent 
dynamics.
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Appendix I. Data on standing crop o f biomass of ground vegetation and net productivity o f  ground 
vegetation in the main habitat types in seven biomes o f the Palearctic region analysed in this study. 
Habitat types: (i) forests, (ii) natural and seminatural open areas (tundra, steppe, desert, unmown 
meadows and sedge marshes in the temperate zone), and (iii) farmlands (wintercrops). athis value 
includes both the mean biomass (productivity) o f ground vegetation and the average annual fall o f 
tree seeds o f 1109 kg/ha (SD 1674), calculated from the following data: 1923, 159, and 147 kg/ha (from 
Falihska 1971; 53°N— 24°E), 92, 516, 753, 4979, and 306 kg/ha (from Mezhzherin and Mikhalevich 
1983; 50°N -32°E).

Biome/Habitat Coordinates
Biomass o f ground Productivity of

vegetation ground vegetation Source 
(kg ■ ha-1) (kg • ha^ ■ yr_1)

1 2 3 4 5

Tundra
Tundra 68°N -66°E 9032 - Ignatenko and Khakimzyanova (1971)» " 4128 -

Scrub tundra it 8289 _
» " 17213 _
» ” 11340 _ *

Tundra 68°N-64°E 6687 1713 Vilchek (1986)
t» 61°N - 8°E 11110 5950 OstbyeeiaJ. (1975)» " 3220 4270 w
» 2110 2930 "
n « 4390 1760n 60°N—59°E 4970 - Bulatova and Gorchakovski'i (1974)» 6120 - ”
» 5860 _ ”

” ** 5120 _ w

» 7070 - "
n 9 7260 _ ”

Scrub tundra ** 9070 »

n 8510 -

Mean (SD) 7306 (3547) 3325(1802)

Boreal forests (taiga)
Forest 69°N-27°E 4946 550 Kjelvik and Karenlampi (1975)

» 8069 1100 rt

Mean (SD) 6508(2208) 825 (389)

Temperate mixed forests
Forest 54°N-22°E 1088 496 Plewczyriska (1970)

53‘>N -24°E 4441 - Dąbrowski (1953)
» 1» 3200 - "
» 52°N -21°E 2631 1190 Traczyk et a l .  (1973)
» 2234 860 W

It 52°N -21°E 533 193 Traczyk (1967)
tf » 587 291

Mean (SD) 2102(1458) 606 (415)

Temperate deciduous forests
Forest 53"N -24°E 1075 1075 Aulak (1970)

7Í » 430 704 Aulak (1976)
# » 543 - Faliński (1973)
n tt 509 - Dąbrowski (1953)
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Appendix I — concluded.

1 2 3 4 5

Forest 53°N -24°E 280 - Ostapuk et al. (1989)
” 600 -
M * 461 -

H
n 52°N -21°E 987 559 Traczyk (1967)
H » 308 170 n
» 50°N -20°E 48 - Kaźmierczakowa (1967)

Mean (SD) 524 (311) 627 (374)

1633® 1736®

Grassland 56°N -13°E 2124 _ Hansson (1971b)
” 52°N -21°E 4764 - Traczyk (1971)
» 4308 5747
H 50°N -20°E 3854 8738 Jankowska(1967)

Mean (SD) 3763 (1154) 7243(2115)

Farmland 52°N -17°E 9565 9565 Truszkowski (1982)
» 9379 9379 ”

8620 -
H

51°N -17°E 5700 - Babińska-Werka (1979)

Mean (SD) 8316(1791) 9472 (132)

S tep p e  woodland

Forest 51°N -37°E 1950 - Chong Kuk (1979)

Grassland 550N -61°E 2910 6080 Gorchakcrvskiï and Korobeinikova (1975)
if ” 3840 7500 ”
rf ” 3930 7500 n
if 43°N -23°E 2548 3130 Kochev and Traczyk (1974)

Mean (SD) 3307 (685) 6053 (2060)

S tep p e

Steppe 54“N -37°E 2165 _ Danilov (1988)
n 51DN -3 7 “E 4240 7160 Bazilevich and Shmakova (1984)
ti 47oN -108 '>E 2889 - W einer e£ al. (1982a)
11 45°N -34“E 3876 - Yankova (1969)
" ” 4488 -

»
" » 4363 -

tt
n ” 2039 - n

Mean (SD) 3437 (1055) -

D esert

Scrub desert 44°N -63°E 855 _ Dybskaya (1964)
* 3718 - n

» 43°N -102°E 721 64 Borisova ei al. (1983)
H 1» 926 269 W

Desert 59 59 "
" » 294 293 "
” 38°N -56°E - 2158 Titlyanova and Nurmedov (1982)

Mean (SD) 1096 (1328) 569 (895)
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Appendix II. Data on rodent dynamics patterns used for the analysis o f  cyclicity. Abbrevations of 
rodent Latin names are the first two letters of the genus name and three letters o f the species name. 
Biom es and habitats as in Appendix I.

Biome/ „  ,. , _  . .  , . N years Cyclicity „„  , . Coordinates species 01 rodents ,  . . , source
Habitat o f trapping index

1 2 3 4 5 6

Tundra

Tundra 70°N-24°E C lruf 13 0.60 Oksanen and Oksanen (1992)
" 69°N -21“E Clruf, Clrut, Miagr, Lelem 33 0.70 Laine and Henttonen (1983)
" 68°N-32°E Clruf, Clrut, Clgla, Lelem 31 0.78 Semennv-Tyan-Shanskiï

(1970, 1972)
■» 61°N - 8°E Lelem, Mioec, Clruf 5 1.41 Lien eta l. (1975)

Mean (SD) 0.873 (0.366)

B orea l fo res ts  (ta iga )

Forest 68°N-24°E Clgla, Clrut, Clruf, 16 0.86 Henttonen ei al. (1987)
M iagr, Lelem

” 64°N-20°E Clgla, Clruf, Miagr 18 0.54 H öm feldt (1994)
” 63°N-23°E Clgla, Miagr, Miepi 11 0.71 Korpimäki and Norrdahl

(1991a, b)
n 61°N-17°E Clgla, Miagr 28 0.55 Marcström et al. (1990)
” 61°N-12°E Mysch, Clgla, Miagr 8 0.98 Bondrup-Nielsen and lins (1988)

Mean (SD) 0.728 (0.193)

Grassland 60“N -15°E M iagr 19 0.65 Lindström (1994)
Farmland 63°N -23°E M iagr, Afiepi, Clgla 11 0.38 Korpimäki and Norrdahl

(1991a, b)

T em p era te m ixed  fo re s ts

Forest 58ÖN -46°E Clgla, Clrut, C lruf 11 0.37 Formozov (1948)
n 57°N -54“E Clgla, Clrut 13 0.24 Bernshtein ei al. (1987)

56°N-37°E Clgla, Apfla 7 0.21 Smirin (1964)
» 55°N-37°E Clgla, Apfla, Apsyl, Apagr 19 0.30 Zablotskaya (1971)
n 55°N-28°E Clgla, Miagr, Miepi, Apfla 14 0.20 Stavrovskif (1989)

Mean (SD) 0.264 (0.071)

Grassland 59°N-38°E Mioec 8 0.51 Shilov ei al. (1977)
Farmland 55aN-38°E Miarv 21 0.68 Karaseva (1960), Dombrovsky

(1971)

T em p era te  d e c id u o u s  fo res ts

Forest 57°N -10“E Clgla, Apfla 9 0.23 Jensen (1982)
55°N-41°E Clgla 7 0.34 Kudryashova (1975)
53°N -24°E Clgla, Apfla 21 0.31 Pucek et al. (1993)

n 52°N-21°E Clgla, Apfla, Apagr 7 0.36 Andrzejewski (1963)
50°N-30°E Apagr 7 0.32 Sviridenko (1972)

Mean (SD) 0.312 (0.050)
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Appendix II -  concluded.

1 2 3 4 5 6

Grassland 56°N - 13°E M iagr 6 0.34 Sandell ei al. (1991),
Agrell e ta l. (1992)

öSTM—24rTl Mioec, Miarv, M iagr 9 0.45 Jędrzejewskie! al. (1994)
and unpubl.

n 51°N -0°W  M iagr 5 0.57 Tapper(1979)
n 46°N -1°W  Miarv 7 0.36 Butet and Leroux (1993)

Mean (SD) 0,430 (0.105)

Farmland 52°N -21°E Miarv 9 0.68 Mackin-Rogalska and Nabagto
(1990)

H 52°N -17°E Miarv 5 0.69 Truszkowski (1982)
” 52°N-5°E Miarv, M iagr, Clgla, 7 0.92 van Wijngaarden (1957)

Apsyl

Mean (SD) 0.763 (0.136)

S te p p e  w o o d la n d

Forest 53°N-39°E Clgla, Apfln 21 0.27 Myasnikov (1976)

Farmland 55nN--37°E Miarv 23 0.87 Myasnikov (1976)
47°N-29°E Miepi 7 0.71 Muntyanu and Sitnik (1994)

” 44°N-23°E Miarv 9 0.67 Straka and Gerasimov (1971)
(loc. Lorn)

w 43°N -27°E  Miarv 9 0.51 Straka and Gerasimov (1971)
(loc. Shoumen)

Mean (SD) 0.691(0.148)

S teppe

Steppe 46°N -47°E  M isoc,M um us 16 0.44 Petrov and Rozhkov (1963)
« 450N -4 2 0E Miarv 8 0.61 Tarasov (1983)
» 42°N -44°E  Miarv 6 0.68 Emelianov ei al. (1972)

Mean (SD) 0.577 (0.123)

Farmland 53°N—39°E Miarv 23 0.86 Myasnikov (1976)
» 40°N -47°E  Mtsoc 5 0.81 Kadochnikov (1953), Gladkina

(1968)
Mean (SD) 0.835 (0.035)

D esert

Desert 45“N -7 7 ,łE Rhopi 22 0.23 Dubyanskii and Dubyanskaya
(1980)

n 43°N -62<>E Rhopi 20 0.32 Alekseev and Asenov (1976)
” 36°N-61°E Rhopi, Melib 9 0.54 Shcherbina et al. (1980)

Mean (SD) 0.363 (0.159)

Farmland 41“N -72°E  Melib 5 0.59 Rapo port and Semenova (1962)
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Appendix III. Data on estimates o f  densities (number per hectare) o f rodents from the trapping studies 
that sampled the entire community o f rodents (or one heavily dominating species) in spring and 
autumn seasons. Mean densities (in each study and in habitats within biomes) were calculated from 
all available spring and autumn data points. Biomes and habitat types as in Appendix I. Abbrevia­
tions o f rodent Latin names as in Appendix II.

Biome/
habitat

Coordi- „  . e j  ., Species o f rodents nates

N
sea- - 
sons

Densities (N / ha)
- Source

min max x  (SD)

1 2 3 4 5 6 7 8

T u n d ra

Tundra 69°N -21°E Clrut, Clruf, Miagr 7 0.6 110 38.4 (40.4) Vii tala (1987)
» 61°N - 8°E Lelem, M ioec, Clruf 16 0.1 78 15.4 (23.3) Lien et al. (1975)

Mean (SD) for a total sample 23 0.1 110 22.4 (30.6)

B o re a l fo res ts  (ta iga )

Forest 68°N-24°E Clgla, Clrut, Clruf, 8 0.7 39 15.0 (13.2) Henttonen et al. (1987)
Miagr, Lelem

63°N-23°E Clgla, Miagr, Miepi 22 0 17 5.1 (5.2) Korpimaki and
Norrdahl (1991a, b)

Mean (SD) for a total sample 30 0 39 7.7 (9.0)

Farmland 63°N -23DE Miagr, Miepi, Clgla 22 0.6 53 15.6 (13.2) Korpimaki and
Norrdahl (1991a, b)

T em p erate  m ixed  fo res ts

Forest 56“N -37°E  Clgla, Apfla 6 7 52 23.5 (16.7) Smirin (1964)
” 56°N - 13°E M iagr, Clgla, Apsyl 5 12 95 48.2 (33.7) Hansson (1971a)

52°N -17°E Clgla, Apfla 7 2 43 19.0 (14.5) Goszczyński (1977)

Mean (SD) for a total sample 18 2 95 28.6 (24.2)

Grassland 60°N -24DE Miagr 10 0 330 88.5 (109.8) Myllymaki (1977)
Farmland 55°N-38°E Miaru 9 2 83 17.8 (27.5) Karaseva (1960)

T em p erate  d e c id u o u s  fo rests

Forest 57UN -10°E  Clgla, Apfla 18 4 78 22.4 (20.2) Jensen (1982)
” 53°N-24°E Clgla, Apfla 15 5 269 43.3 (66.4) Jędrzejewski and

Jędrzejewska (1993),
Jędrzejewski ef al.
(1992) and unpubl.

52°N -21°E Clgla, Apfla, Apagr 13 2 31 10.5 (8.9) Andrzejewski (1963)

Mean (SD) for a total sample 46 2 269 25.9 (41.5)

Grassland 56°N -13°E Miagr 11 24 331 98.0 (90.6) Sandell et al. (1991),
Agrell et al. (1992)

” 53°N -23°E Mioec 4 146 756 405.0(256.2) Buchaiczyk ei al. (1970)
” 51°N -0°W  Miagr 10 0.5 483 190,4(169.3) Tapper (1979)
” 46°N -1“W Miaru 14 2 328 72.7 (87.2) Butet and Leroux

(1993)
Mean (SD) for a total sample 39 0.5 756 144.1(164.2)
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Appendix III — concluded.

1 2 3 4 5 6 7 8

Farmland 52°N -21°E Miarv 3 121 753 462.7 (319.1) Liro (1974)
” 52°N -17°E Miarv 10 4 1450 261.8 (440.0) Truszkowski (1982)

Mean (SD) for a total sample 13 4 1450 308.2 (412.2)

S tep p e  w ood la n d

Farmland 47°N -29°E Miepi 14 6 761 143.2(236.9) Muntyanu and
Sitnik (1994)

S teppe

Steppe 48°N -114DE Mibra 8 1 786 225.6 (324.6) Kucheruk and
Dunaeva (1948)

” 47°N -108°E Mibra 2 22 109 65.5 (61.5) W einer et al. (1982b)
" 46aN—47°E Misoc, Mumus 10 2 108 19.1 (32.7) Petrov and

Rozhkov (1963)
M 45°N—39°E Miarv, Pimaj, 4 63 209 146.0 (60.9) Lavrova and

Apagr, Apsyl, Lebedeva (1962)
Mumus

» 40°N—47°E Misoc 3 110 550 260.0 (251.2) Gladkina (1968)

Mean (SD) for a total sample 27 1 786 129.3 (209.8)

Farmland 40°N -47°E Misoc 10 0.5 1800 490.4 (724.0) Kadochnikov (1953),
Gladkina (1968)

D esert

Desert 47°N~49“E Memer, Metam 10 4 42 13.5 (11.2) Tropin (1963)
" 45°N -77I>E Rkopi 22 2 15 7.2 (3.5) Dubyanski'f and

Dubyanskaya (1980)
Mean (SD) for a total sample 32 2 42 9.2 (7.3)

Farmland 41°N-72°E Melib 10 1 50 13.8 (16,9) Rapoport and
Semenova (1962)


