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monitored, providing a source of the
required data. Using two long-term data
sets4–6 we now report the existence of trav-
elling waves in vole population numbers. 

Information about the intensity of
annual vole damage to young forests was
available for the years 1972–83 for 19
forestry board districts of Finland5,6. The
geographical distribution of the most
damaged areas fluctuates (Fig. 1a, b) and
the timing of damage is asynchronous
among the different areas. Locally, the
damage peaks at intervals of three to four
years, matching the cyclic dynamics of
Scandinavian voles7. This is in agreement
with simulation studies2 showing that spa-
tial order is associated with the presence of
spatial waves showing a certain degree of
periodicity.

Correlation between the latitude of the
‘centre of mass’ and the annual severity of
the damage (Fig. 1a, b) is r40.84
(P*0.001; for the longitude r40.13).
Thus, with increasing volume of vole dam-
age the damage epicentre moves north.
There was also a negative correlation
between intensity of damage and distance
between provinces (r410.47; P*0.001)
suggesting that nearby localities have simi-
lar damage levels, and providing another
indication of spatial structure8 in vole
damage.

We also analysed records of vole
plagues in 53 departments of France for
the years 1900–354 (Fig. 1c, d). There were
rapid changes in the extent of the plagued
area, but there were no clear periodicities

like those seen in the Scandinavian voles7.
Again there was a correlation between the
latitude of the annual location of the cen-
tre of mass and the geographical extent of
the damage (r410.67, P*0.001; for the
longitude r40.06). Accordingly, the
French vole plagues spread from north to
south, whereas in Finland they spread
from south to north.

A variable is said to be spatially auto-
correlated when it is possible to predict the
values of this variable in one site from the
known values at nearby sampling sites9.
We performed autocorrelation analyses for
irregularly spaced interval (Finland) or
nominal scales (France)10. 

For the Finnish data, we computed
annual autocorrelation coefficients9–11 for
the distance class of 200 km assuming
binary links. We detected significant 
positive spatial autocorrelation in six of
the twelve years. For the French data we 
computed annual spatial autocorrelations
using binary weights and assuming a link
between sites that were less than 120 km
apart. We found a significant spatial 
autocorrelation present in the data in 14 
of the 33 years. Both results indicate 
that spatial structure exists in these popu-
lations.

By identifying spatial autocorrelation 
in vole populations and an annually mov-
ing epicentre of vole plagues as a function
of damage extent, we conclude that travel-
ling waves, or pulses, in the dynamics 
of vole populations exist, a phenomenon
predicted1–3 by theoretical population 
ecology.
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Spatial self-organization patterns in popu-
lation dynamics have been anticipated1–3,
but demonstrating their existence requires
sampling over long periods of time at a
range of sites. Voles cause severe economic
damage and are therefore extensively
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Figure 1 Extent and severity of vole damage. a, The number of seedlings destroyed by voles on study plots
in young forest plantations in Finland5,6. b, The dynamics are characterized by movement of the annual
damage epicentre from south to north as total damage increases. c, Geographical extent of French4 vole
plagues; and d, annual epicentre of plagues plotted against the number of plagued departments.
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