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Abstract 

This paper aims to answer the following question: are the fluctuations of abundance of Common Vole (Micro- 
tus arvalis) specific to different types of landscapes? The research was carried out in landscapes where grass- 
land was dominant. The sampling method was based upon a partition in both landscape types and landscape 
units. Tracking of vole indices was used to evaluate their relative abundance. Six landscape transects were 
sampled during two successive years. Results show that population variation and diffusion of demographic 
states are closely related to landscape types. The possible causes of this are discussed. The landscape units can 
be used as global variables to assess outbreak risk and landscape design can be used to prevent them. 

1. Introduct ion 

The relationships between landscape structure and 
species distribution is a major question in land- 
scape ecology. Early studies dealt with easily iden- 
tified features such as forest island or wooded cor- 
ridors (Johnson et al. 1992; Kozakiewicz 1993). In 
this context, small mammals have often been used 
as models (Fahrig and Merriam 1985: Geuse and 
Bauchau 1985; Merriam 1990; Barry et al. 1990; 
Apeldoorn et al. 1992; Douglass et al. 1992; Li- 
dicker et al. 1992; Szacki et al. 1993, among oth- 
ers). However, because of the choice of these land- 
scape features there is a bias towards the studies of 
forest species (Rose and Birney 1985). In contrast 
"openfield species' of small mammals have mainly 
been the subject of population biology studies 
(Krebs and Myers 1974). A review of regional 
studies of the Common Vole, Microtus an,alis, has 
shown that population fluctuations and outbreaks 
are closely correlated to land use patterns (Delattre 
et al. 1992). The dominance of permanent grass- 
land and the decrease in cultivated fields and 
forests favours population outbreaks. This means 

that landscape composition determine M. arvalis 
population dynamics. This regional study also sug- 
gests one more hypothesis: landscape structure 
should affect population diffusion and population 
dynamics. Dispersion should be facilitated in high- 
ly connected landscapes, that are dominated by 
grassland, while it should be slowed down in het- 
erogeneous landscapes. Lidicker (1988) showed 
that such a dispersal system can determine the fea- 
tures of rodent population dynamics (ROMPA 
hypothesis). In this paper the term diffusion is tak- 
en to mean spreading out after Forman and Godron 
(1986). This spreading out of high vole densities 
may originate both in vole movements and/or in 
fluctuations of factors which control population 
density. 

This paper aims to address the following ques- 
tion: are the fluctuations of abundance of the Com- 
mon Vole (Microtus an,alis) specific to different 
types of landscapes? It also aims to discuss the pos- 
sible causes of landscape determinism in the con- 
trol of vole populations. 



280 

2. Materials and methods 

2.1. Study site 

The study site (18,000 ha) is situated in the French 
Jura, west of the city of Pontarlier (district of Levi- 
er, Doubs, latitude: 45058 ' N, longitude: 6~ ' E), 
the altitude is between 700 to 900 m. 

One of the main difficulties in ecological studies 
when dealing with population dynamics is to place 
observations in a context that is inclusive enough 
to look at these dynamics outwardly, from the 
boundaries of the phenomenon under study 
(Lidicker 1988). Therefore, this study was conduct- 
ed on two perception levels. 

The first level corresponds to broad space scales 
involving the general visual characters of land- 
scape (= landscape type). There are four landscape 
types: 

1) 'hedgerow network'; associated with wood- 
lots, pastures and meadows: 

2) 'openfield':  mainly meadows; 
3) "forest': partly an old growth forest (1/3 of the 

area) and partly a forest resulting from recent land 
' abandonment, either by secondary succession or by 
plantation, mainly of spruces (Picea sp.). In the lat- 
ter case, the forest mosaic is mixed with farmland 
(meadows). This spatial pattern increases the con- 
nectedness of the forest with the hedgerow net- 
work; forest peninsulas in farmland, as well as 
meadows in forests, are numerous. 

4) 'village' and the surrounding areas, up to 200 
m from houses. Habitat is grouped and the network 
of roads and farm lanes is well developed. 

The second perception level was defined at a 
smaller scale, by using more detailed and objective 
landscape elements (= landscape units). 

The 'landscape units' are 500 x 500 m cells from 
a grid georeferenced to the Lambert zone I1 system. 
An estimate of the abundance of landscape ele- 
ments was made from the maps of the Institut Gdo- 
graphique National (IGN, the French National 
Geographic Institute) at the 1/25,000 scale. Abun- 
dance indices are: 0 = absent, 1 = scarce, 2 = aver- 
age, 3 = frequent, 4 = covers the whole cell. Land- 
scape elements are: forest, woodlot, hedgerow, 
openfield, wetland, village. The degree of presence 
of these various landscape elements (hedgerow, 

woods ...) was recorded in the 728 cells of a grid. A 
correspondence analysis on the matrix 'landscape 
elements x cells', followed by a hierarchical classi- 
fication have led us to identify sixteen patterns of 
landscape units. Software were MacMul, Graph- 
Mul (Thioulouse 1989) and Anaconda (MIS, 
Besanqon). The classification was used to make a 
map (Fig. 1) which was the spatial reference for 
vole sampling. 

2.2. Sampling methods'Jor the Common Vole 

A method to estimate the abundance of the Com- 
mon Vole (M. an,alis) has been developed by using 
surface indices. Vole indices such as burrow 
entrances, runways and droppings, have been com- 
pared with density estimates based on line trapping 
of voles in the same habitats. Results have shown a 
strong correlation to the number of sampling inter- 
vals where droppings are present (Delattre et al. 
1990). Dropping counts may therefore be used to 
monitor population fluctuations of the Common 
Vole over large areas. They provide an index 
method and also offers the definite advantage of 
being suitable to space and time scales otherwise 
incompatible with estimates from trap lines. There 
is no possibility of confusing the droppings of the 
Common Vole with that of other grassland species. 
The Common Vole only cohabits with the Water 
Vole (Ala,icola terrestris), the droppings of which 
are 3 to 4 times larger and are generally laid down 
in burrows. Therefore the index method is easy to 
carry out and allows distribution maps to be made 
from wide transects around areas of several km 2 
within a very short time span. 

Sampling was carried out every spring, before 
the reproduction period and in autumn, at the end 
of the reproductive season. From April 1991 to 
October 1992 four sampling series were carried out 
along six transects, each of them from 3 to 8 km 
long. This represents about 30 km for each season. 
Along each transect, the presence-absence of vole 
droppings within every ten paces is noted. The 
transects start from a village and continue to the 
next one, always going through at least four of the 
sixteen landscape units. Habitat types (meadows, 
field, hedgerow and so on) are described along the 
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more open environments 

Fig. 1. Map of the study area (18,200 ha). Landscape units (25 ha) were classified according to dominant landscape features (see text). 
Correspondence analysis led to 16 separate landscape units. Six transects, numbered 1 to 6, were sampled each spring and each autumn. 

transect. A data base (4th Dimension TM) is used 
to manage data and to calculate indices regarding 
landscape units and parcels. The abundance index 
is the number of 10 pace intervals where vole fae- 
ces are present. It can be expressed in two ways: 

frequency (number of positive intervals per 100 
intervals) and a length percentage (length of posi- 
tive intervals divided by a given transect length). 

For two successive years we have analysed i) the 
differences in vole abundance between landscape 
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Fig. 2. Common Vole population dynamics and landscape types (transect 4, Bulle, Le Souillot). Transects were drawn in two parts to 
make comparison easier: the left part shows the landscape types 'village-openfields', the right part shows the landscape types 
"hedgerow network-village'. The abundance index is the transect length where vole colonies are present divided by the total transect 
length. 

types at given times, ii) changes in abundance 
within and between landscape types. Abundance 
changes were analysed at a single spatial level, the 
study site at two resolution scales; landscape type 
and landscape unit. Population diffusion was 
analysed at two spatial levels: the study site (at the 
landscape type scale) and landscape types (at the 
landscape unit scale). 

3. Results 

3. I. Population changes 

3.1.1. Comparisons between landscape ~pes 
Figure 2 presents one example of the variations of 
vole abundance along a transect through various 
landscape types. The transect starts in a village, 
goes through an openfield, a forest and a hedgerow 
network, before reaching the next village. 
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Fig. 3. Abundance variation of Common Vole population in the landscape units crossed by transects I, 2 and 3, The above numbers are 

the transect lengths. 

Table 1. Abundance index variations in the landscape types 

(transect 4: Bulle). The two numbers between brackets are 

respectively the length of positive intervals and the length of 

transect,. 

Landscape type April 91 October 91 April 92 October'S2 

Openfield 1,2 16.8 10,5 62,8 
(19/1592) (257/1531) (153/1464) 1840/1337) 

Hedgerow 2, I 2.2 2.2 8,2 
network (39/1826) (5212385) (48/21721 (171/2067] 

0 0 2,3 3,0 
Village (Of 1360) ( O! 165) ( 19/841 ) ( 27/911 } 

In the village, population abundances were low: 
0 to 3% of positive intervals (1+) throughout the 
years (Table 1). During the reproductive season 
(April to October), the increase in population size 
remained moderate (maximum increase in abun- 

dance index is 50%). Around the village of Bulle, a 
200 to 300 m length remained free of voles for the 
two years despite several hundred individuals per 
ha in the adjacent openfields. In the openfields, 
population density increased drastically according 
to the distance from the village. 

In the hedgerow network, vole abundance was 
low in spring (2% 1+) and went up to 2 to 8% 1+ 
in autumn. The abundance index increase six-fold 
during the reproductive period in 1992 and four- 
teen-fold in 1991. 

In the openfields and in autumn, abundance 
indices were seven times higher in the nearest 
hedgerow network and, when different from zero, 
twenty times higher than near the villages. 

3.1.2. Comparisons between landscape units 
We compared the abundance index within the three 
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Fig. 4a. Abundance variation of Common Vole colonies in 
autumn and distance to the village (= 'village effect' ). 

Fig. 4b. Autumn vole density gradients taken from transects 
radiating in four directions from Septfontaines village. 

3.2. Population diffusion 

most abundant landscape types, at the scale of each 
landscape unit. These units are 'village', 'hedge- 
row' and 'openfield'. The analysis was done for 
transects 1, 2 and 3 whose populations exhibited 
synchronous variations of abundance. The results 
(Fig. 3) emphasize the existence of a very impor- 
tant depressive effect on vole density in village 
units (indice less than 2%; Fig. 3a) and an impor- 
tant one in 'hedgerow' (indice < 12%; Fig. 3b), 
when compared to indices from openfield units 
(mainly > 10%; Fig. 3c). 

A comparison between all village units shows 
that the depressive effect, first observed around 
Bulle, was present everywhere (Fig. 4a). Whatever 
the direction of a transect from a village (e.g., Sept- 
fontaines; Fig. 4b), a 100 to 400 m wide strip 
remained almost empty of voles during the two 
year study. There was a gradient of increasing vole 
density, the further one went from each village. 

3.2.1. At the landscape O,pe level 
Within the landscape type 'openfield' and during 
the peak period of abundance, all available habitats 
were colonized after each reproductive period. This 
means that changes in population density were 
important and vole diffusion very rapid. Within 
landscape type 'hedgerow network' diffusion was 
more limited during the peak period of abundance. 
Two examples, drawn from transects 3 and 6, illus- 
trate the phenomenon of diffusion within the two 
landscape types (Fig. 5). During a single reproduc- 
tive season, starting from an isolated spring popu- 
lation, almost all the openfield area was colonized 
and reached high vole densities. Within hedgerow 
network and with similar spring populations densi- 
ties this colonization process did not occur during 
summer and autumn. 

3.2.2. At the study site level 
At this level the analysis was made from the land- 
scape type 'openfield' (Fig. 6a). These units 
showed high variations in vole abundance which 
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Fig. 5. Diffusion of high densities in openfield and hedgerow 
network during the Common Vole reproductive seasons. 

may indicate significant differences between sub- 
populations. 

On transect 1, 2 and 3, population densities were 
already high (10% 1+) as early as April 1991, when 
the study started. A phase of high abundance built 
up rapidly during the summer (20 to 45 1+) but 
came to end during 1992. Along transects 4, 5 and 
6, population levels were low in April 1991 and 
remained so until April 1992 (0 to 15% 1+). The 
high abundance phase occurred during the summer 
1992 in transect 4 the distance of which was the 
shortest from transects 1-2-3. The high abundance 
phase only started during the autumn in transects 5 
and 6. At the study site level, a one year delay was 
observed between the appearance of peaks of abun- 
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dance in the zone I (transects 1-2-3) as compared 
to transect 4 (Fig. 6b). The delay exceeded one 
year between transect 1-2-3 and transects 5-6. 

4. Discussion 

At landscape type scales ('openfield', "hedgerow 
network', 'village') important differences in popu- 
lation dynamics are recorded. Three kinds of 
dynamics can be distinguished. The first, in village, 
is characterised by long periods of extinction and 
otherwise low population levels. The second, in 
hedgerow network, showed brief periods of local 
extinction and limited changes in population levels. 
The third, in openfield, exhibited high population 
density variations from year to year and a lasting 
peak of high abundance. 

On a finer scale (landscape units), the low popu- 
lation densities that are associated with villages, 

' o- ' persist as they do in landscape unit hedgerow . 
Therefore landscape units and landscape types 

can be considered as 'global variables' which give 
information on the range of the variations of vole 
density. They can be used to evaluate damage risks 
and to provide information for population manage- 
ment. 

Population diffusion can be studied at two 
scales; i) within landscape types, it is the recoloni- 
sation of various habitats from local sources, ii) at 
the level of the whole study site, the movement of 
population peaks is shown at the landscape unit 
scale. 

Within openfields, colonization of empty habi- 
tats is rapid during the reproductive period, while it 
is slow in hedgerow network and almost non exis- 
tant in villages. 

At the site level, a movement of peak density 
from zone to zone appears within the two year peri- 
od. This movement is similar to the epicentric dif- 
fusion phenomenon reported by Finerty (1980) for 
the movement of abundance peaks of prey and 
predators. It also brings to mind the diffusion of 
populations on large regional scales noted for 
Clethrionomys glareolus (Teivainen 1979) and 
An,  icola termstris (Giraudoux et al. 1990). 

On the regional scale, Delattre et al. (1992) 
reported differences in population dynamics (called 
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Fig. 6a. Population variations in the openfield landscape types 
of the six transects. The above numbers are the transect lengths 
(m). 

types of population functioning) between land- 
scapes with different types of permanent grassland 
cover. In our site (sector scale) grassland is essen- 
tially the sole type of cover, however three types of 
population functioning can be related to different 
landscape structures ('village', 'hedgerow network', 
'openfield'). Thus fractal geometry may be useful 
to describe population dynamics, particularly in 
modelling. 

The variations in population density, the recolo- 
nization of habitats and the diffusion of demo- 
graphic states are correlated to spatial structures. 

Our hypothesis is that these phenomena are not the 
direct result of the control of the different struc- 
tures pet" se, but of ecological processes con- 
strained by spatial structures (Baudry 1989). The 
factors which might help to explain the fluctuations 
are: firstly, temporal differences between local pop- 
ulation variations refute the theory that climatic 
factors are the cause of population variations, as 
climate influence is at a regional scale: secondly, 
large differences in duration and size of population 
variations observed during the peak phase in neigh- 
bouring populations cannot be perpetuated or 
explained by intrinsic factors. Moreover it has been 
shown that a trend to synchronicity exists between 
population density variations of small rodents of 
both grasslands (M. ara,alis) and woodlands (C. 
glareolus) in systems where the biomass of grass- 
land rodents is dominant (Giraudoux et al. 1994). 
This supports the idea that rodent population 
dynamics are driven by extrinsic factors. 

Consequently essentially external and non-cli- 
matic factors should be considered to explain 
simultaneously the spatial and temporal variations 
observed. The only factors which are not eliminat- 
ed are therefore predation, parasitism and disease. 
For instance in the 'Village' a possible interpreta- 
tion of spatiotemporal patterns of rodent popula- 
tions is the effect of domestic cats which are very 
numerous around villages (Erlinge et al. 1983; 
Hansson 1988; Giraudoux 1991). Hedgerow net- 
works are generally characterised by a great diver- 
sity of habitats, which are favourable to a rich 
predator community (i.e., foxes, wild cats, raptors 
...) and particularly to generalist predators (Anders- 
son and Erlinge 1977). Inversely, openfields are 
less frequented by generalist predators (Loman 
1991) and are more favourable to specialist preda- 
tors (stoat, weasel ...) whose destabilizing effect on 
rodent population is well documented (Hanski et 
al. 1991; Heikkil~i et al. 1994; Henttonen et al. 
1987). In our case, landscape may be the filter of 
prey/predator relationships and thus may indirectly 
control rodent population dynamics. 

5. Conclusion 

Landscape structure appears to be an important 
constraint upon diffusion and population outbreaks 
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Fig. 6b. Moves of high density peaks in the study site. 

(Johnson et af. 1992). This study opens new ways 
to analyse small mammal populations within a giv- 
en landscape. Index methods to estimate rodent 
distribution and density at landscape scale may 
provide a good descriptive framework to support 
studies on source/dispersal sink systems (Lidicker 
1985; Gaines et al. 1992) and on predation (Hanski 
1987, Hansson 1989). Indeed these studies must 
always be perceived in an inclusive context (higher 
levels of organization and wider space time scale) 
which give sense to local studies. 

We can indeed point out the importance of 
developing new tools to investigate species distrib- 
ution over large areas in order to develop ecologi- 
cal studies at landscape level. 
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