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Environmental variability in arctic and alpine regions is large, and consists of predicta-
ble (seasonality) as well as less predicrable components (e.g. between-years variability).
We compare demography of alpine and arctic microtines based on two long-term stud-
ies in the French Alps (snow vole, Chionomys nivalis) and at Svalbard (sibling vole,
Microtus rossiaemeridionalis), as well as data from a short-term study on the common
vole, M arvalis, in the Alps. While the length of the vegetation period is of the same
order of magnitude (3-4 months in the Alps, 3 months at Svalbard), the population
dynamics and demography of the snow vole and of the sibling vole population are
strikingly different. The alpine snow vole population is very stable, with little variability
in survival and reproduction between years, particularly so during the winter. The sib-
ling vole Svalbard population is highly fluctuating, with low variability in summer de-
mographic rates and large variability in winter population rate of change. These differ-
ent patterns of variability in the dynamics and demography of small mammals are relat-
ed to the climatic patterns in both areas, particularly the pronounced seasonal fIuctua-
tion in climatic variability at Svalbard, and the somewhat constant level of climatic
variability in the Alps. We argue that such patterns may be of general relevance to arctic
environments on Olle hand and alpine environments at middle latitudes on the other
hand. We funher discuss the possible consequences of changes in variability patterns on
the demography of small mammals.
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"Environmental variability is a virtual Pandoras box of selec-
rive forces which can injluence the evolution of life histories,
and there is still much we do not understand about the nature
of selection in jluctuating environments" (Boyce 1988: 16).

Cold regions are found either at high latitudes or at
high altitudes. They share common characteristics, first of
all a marked seasonality: short summers favourable to veg-
etation growth separated by lang winters with a permanent
snow cover. They also differ by important aspects, such ås
climate, photoperiod and spatial heterogeneity: alpine re-
gions will aften be characterized by a juxtaposition over

.

short distances of very different habitats such as broad-
leaved forests, coniferous forests and alpine meadows be-
cause of steep altitudinal gradients (Gerrard 1990). High
altitude climates generally differ from high latitude cli-
mates, but the variability of mountain climates prevents
any simple comparison (Barry 1992). Climate of the west-
ern European Alps is, for example, wetter as altitude in-
creases (mainly because of orographic effects), but is not as
severe with respect to temperature as compared to arctic
environments: extremely cold temperatures - < -30°C -

are rare in the European Alps, while they are common in
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European Alps (snow yale, Chionomys niva/is, and com-
mon yale, M arva/År; northern Alps, France). Two of these
studies (sibling and snow voles) are based on intensive
lang-term (7 yr) capture-recapture methods, and allow for
a detailed analysis of the variability in demographic rates.
aur main objective is to assess if environments with simi-
lar average seasonality, as measured by the length of the
breeding season, may select for different life-history tactics
as a consequence of differences in tempora! variability.

Material and methods

Svalbard

The sibling vaie - a sibling species of the common vole-

was introduced to Svalbard from Russia between 1930 and
1960. It is a relatively small species (adult females: 30 g,
adult males: 35 g). This species is the only small mammal
species in this high arctic archipelago, and there is only ane
persistent population (Fredga et al. 1990, Yoccoz et al.
1990; see Fig. 1). The Svalbard population probably origi-
nates from the region around St. Petersburg, and was first
identified as M arvalis (Nyholm 1966, Alendal 1977).
The difference in behaviour between the two species - M
rossiameridionalis using human dwellings such as barns
much more than M arvalis - probably explains why the
sibling vaie was introduced to Svalbard. After an initial
survey in 1989, we started in 1990 a capture-mark-recap-
ture study of the population found around the ghost min-
ing town ofGrumantbyen (78°10'N, 15°16'E). We moni-
tored the population by following selected areas within a 1
km strip along the shore inhabited by the voles. We cap-
tured individual voles three times a year, at the end ofJune,
just after the snow melt, at the beginning of August, and at
the beginning of September, befare the first snowfalls lead-
ing to permanent snow cover. We based aur trapp ing re-
gime on the robust design (Pollock 1982) with 7 -10 trap-
ping secondary sessions within each of the three primary
sessions. This ensured reliable estimates of population sizes
based on closed population models. Survival rates was esti-
mated using generalizations ofCormack-Jolly-Seber mod-
els (Yoccoz et al. 1993b, Yoccoz et al. unpubl.).

northem Fennoscandia or in the high Arctic.
The recent focus on clirnatic change have led to detailed

studies of lang-term trends both in the Alps and in the
Arctic. There is now strong evidence for a significant
warming trend in the Alps, particularly so during the last
two decades (e.g., Diaz and Bradley 1997, Sommaruga-
W6grath et al. 1997). The arctic regions on the other hand
show large spatial heterogeneity, with no clear trend (Przy-
bylak 1997). The Svalbard area, for example, has not
warmed up since the 1920s (Førland et al. 1997). The cli-
matic variability may also increase as a consequence of glo-
bal change (Katt and Brown 1992, Mearns et al. 1997).
Studies of climatic variability have mainly focused on dec-
adal scale variability (e.g., Beniston 1997, Hurrell and Van
Loon 1997), but, to aur knowledge, the interannual cli-
matic variability has not been thoroughly studied in arctic
and alpine regions.

Small mammals present good opportunities for study-
ing the effects of environmental fluctuations because they
have a short generation time (often less than ane year) and
are amenable to detailed studies based on capture-mark-
recapture methods (e.g., Leslie et al. 1953, Krebs 1966,
Yoccoz et al. 1993b, Ims andYoccoz 1997). Most popula-
tion studies of small mammals have focused on the issue of
population cycles, with relatively litcle work being done on
demography (see e.g. Hansson and Henttonen 1988,
Stenseth and Ims 1993). Short-term environmental varia-
bility may have both lang-term effects through the evolu-
tion oflife-history traits as well as direct short-term effects
through annual changes in demographic rates and conse-
quencly population sizes. It is for example known that
there may be a trade-off between the mean and the vari-
ance of a trait, an increasing variance having a negative ef-
fect on the lang-term fitness, everything else being equal
(Orzack and Tuljapurkar 1989, Yoshimura and Clark
1991). Therefore, different patterns in environmental var-
iability and predictability may well select for different de-
mographic tactics (Boyce 1979, 1988). Population dy-
namics will be ultimately affected through the demograph-
ic parameters: populations with large potential turnover
rates (early age at first reproduction, high reproductive
rates) might be more variable than populations with in-
verse demographic characteristics.

There have been relatively few empirical studies ad-
dressing the issue of environmental variability and its im-
pact on demographic tactics, moscly on plants (Carlsson
and Callaghan 1994, Watson et al. 1997; but see, e.g.,
Benton and Grant 1996, Gaillard et al. 1997). This is is for
the most due to the lack of detailed lang-term studies
where demographic parameters have been reliablyestimat-
ed (Gaillard et al. 1998). In this paper, we relate demo-
graphic and population dynamic patterns to patterns in
environmental variability. This we do on the basis of field
studies of three small mammal species performed in the
high arctic (sibling vaie, Microtus rossiaemeridionalis = M.

epiroticus; Svalbard, Norway) and in the alpine zone of the

French Alps

Three microtine species permanently inhabit alpine (above
the timberline) areas in the western European Alps (Le
Louarn 1977, Janeau 1980). The snowvole, C niva/is, is a
middle-sized vaie (adult females: 40 g, adult males: 45 g),
and is restricted to boulder and rocky areas (Claude 1995,
Janeau and Aulagnier 1997), including houses and alpine
huts (it may therefore be fOWld up to 4000 m, far above
the snow line). It is also found at the sea level close to the
Mediterranean sea (Jones and Carter 1980), and therefore
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it is not a species restricted to the high altitude roDe. It is
more common in mountain habitats because rocky areas
are more frequent at high altitudes. The common vaie is
on the other hand an inhabitant of alpine meadows up to
the snow line (Spitz 1977, Meylan 1995). It is not found in
the subalpine roDe, and the "alpine" common vaie has
sometimes been distinguished from its lowland conspecific
under the Dame M incertus (Le Louarn et al. 1970). The
lowland M arva/is has a very wide geographic range in
Europe (Fig. 1). The common vaie is the smallest rodent
species in the alpine zone (adult females: 20 g, adult males:
25 g). The third species, the fossorial form of the water
vaie, Arvicola terrestris sche1man, is for the most part found
at lower altitudes (600-1800 m a.sl. in the areas studied
here), and is usually cyclic with a 5-6 yr periodicity (Saucy
1994). It was uncommon or absent at the altitudes consid-
ered hete (2200-2700 m), and is much larger (80-100 g)
than the two other microtines.

ane population of snow vaie located in the Seez mu-
nicipality, Savoie, France (45°40'N, 6°50'W), at an alti-
tude of2200-2450 m under the Clapey summit (thereaf-
ter called Clapey population). This population has been
followed since 1991 by capture-recapture methods. The
Clapey population inhabits a large boulder field (6 ha) sur-
rounded by alpine meadows used for pasture by cows dur-
ing the summer. Trapping was done during the summer,
from snow melt usually in June to first snow falls in Octo-
ber-November. We had between three and eight primary
trapp ing sessions each summer, with two to seven second-
ary sessions within each primary session. Another popula-
tion of snow vaIe was studied in the Mont - Blanc range, 15

km north of the previous site, at an altitude of2500-2700
m, in a highly giaciated area close to the Couvercle hut. A
small population of common vaIe was also studied in the
same area in 1996-1997 (both populations are refered be-
low as Couvercle populations). Trapping occurred only
during the summer, and was done in two sessions during
the first half ofJuly and the second half of August.

Fig. 1. Oistribution map of the snow vaie, Chionomys nivalis
(dotted line), common vaie, Microtus arvalis, (continuous line)
and the sibling vaie, M rossiaemeridionalis (shaded area) in Eu-
rope. Arrows show the study sites at Svalbard and in the French

Alps.

irrespective of altitude. A more detailed analysis of weather
and climatic patterns is clearly warranted in the Alps.
However, there are rather few high altitude weather sta-
tions, and these are situated on mountain tops. Neverthe-
less, available data from high altitude weather stations (sit-
uated, however, in eastem parts of the Alps; Barry 1992)
gave similar values for average temperature as mose pre-
dicted using a uniform gradient. The use of monthly val-
ues is also somewhat arbitrary, and patterns of weather var-
iability at different temporal scales should also be focused
upon in future studies.

Results and discussion

Meteorological data Population dynamics of the sibling vaie and snow vaie
populations showed relatively similar seasonal patterns,
but were quite different with respect to the multiannual
fluctuation patterns (Fig. 2). The snow vaie population in
the Alps had very stable population sizes, probably Olle of
the most stable known among microtine populations (see
Henttonen et al. 1985, Ostfeid 1988, Stenseth et al.
1996). The number ofbreeding adults at the beginning of
the breeding season did not vary by more than a factor of
two along the course of the study, staying between 30 and
60. The same was true of the population size in the au-
tumn. The snow vaIe and common vaIe Couvercle popu-
lation sizes were nearly identical in 1996 and 1997. On the
other hand, the Svalbard sibling vaIe population showed
dramatic multiannual fluctuations, by a factor > 20 (Fig.
2). This was mainly due to large fluctuations in winter

Svalbard climatic patterns were recently summarised in
Førland et al. (1997). Monthlyaverages and standard de-
viations were given from the Svalbard airport for the pe-
riDd 1961-1990. The meteorological station is along the
seashore and ca 7 km from aur study site. Differences be-
tween the study site and the meteorological station should
therefore be small.

We used the meteorological station of Bourg Saint
Maurice (altitude 865 m; period 1946-1997) and Cha-
monix (altitude 1040 m; 1951-1980) as reference values
for the Clapey and Couvercle populations, respectively. To
correct for the difference in temperature with altitude!, we
used a temperature gradient of 0.6°C 100 m-l (Barry
1992). We assumed the monthlv variabilitv to be the same



'"
N
in
c
O

t
-:;
D-
O

Q..
-O
'"

females) on average, and relatively high summer survival
rates (Yoccoz et al. 1993b), the population is able to in-
crease quite fast during the summer, relatively much faster
than the snow yale (see Fig. 2). The alpine common yale
has a smaller litter size (4.02 on average against> 5 in the
plains; Le Louarn et al. 1970), and the Couvercle popula-
tion clearly shows high summer survival (Yoccoz unpubl.).
Winter reproduction never occurred in the alpine popula-
tions, but in two years out of seven at Svalbard. The main
demographic characteristics of the three populations are
summarized in T able 1.

The demographic traits found in the snow yale and sib-
ling yale populations are among the most extreme within
microtines (e.g., Innes and Millar 1994). They are, howev-
er, both found in environments characterised by very
strong seasonality: the snow-free or vegetative season in
both cases did not last much more than three months.
None of the two populations studied could unambiguous-
ly be claimed to have evolved traits selected by the specific
characteristics of their environment: the sibling yale was
introduced to Svalbard from Russia, and the snow yale is a
species restricted to rocky habitats at all altitudes. Regard-
ing the latter species, a few mammal populations inhabit-
ing rocky habitats are indeed known to have low turnover
compared to congeners or conspecifics living in apen hab-
itats (e.g. pika, Ochotona princeps, Smith 1988; deer
mouse, Peromyscus maniculatus, Millar and Teferi 1993).
Microtine species related to the snow yale, and living in
similar habitats (such as the Balkan snow yale, Dinaromys
bogdanovz) have also been reported to have smalllitter size,
but very littie is actually known. It is therefore likely that
the demographic tactic of the snow yale is at least partly
associated with its rocky habitat preferences. With respect
to the sibling yale, the fact mat this population has appar-
ently not changed with respect to reproductive parameters
since it was inttoduced (Yoccoz et al. 1993a) despite that at
least 100 generations elapsed since Russians left the area,
show that the selection pressures have not been for a lower
turn over rate. It could be that litter size is a trait showing
slow evolutionary response (e.g. because of conflicting ge-
netic and maternal effects: Bernardo 1996). Other arctic
microtines have, however, similar traits such as high litter
sizes and early age at first reproduction (e.g., Wildhagen
1953, Krebs 1964, Batzli and Henttonen 1993). Finally,
observations made on alpine common voles point to the
same demographic tactic as found in the snow yale: low
reproductive rates and high survival rates. Note that the
bank yale, Clethrionomys glareolus in subalpine forests also
presents traits characteristic of species with low turnover,
with high survival rate and relatively short breeding season
(Yoccoz and Mesnager 1998). Such a pattern has also been
suggested for the deer mouse along an altitudinal gradient
(Ounmire 1960). However, the lack of detailed demo-
graphic studies in the alpine zone in, e.g., North America,
prevents us to conclude whether this demographic syn-
drome is generally selected for in alpine environments or

1.06.90 1.0691 1.06.92 1.06.93 1.06.94 1.06.95 1.06.96
1.1290 1.12.91 1.12.92 1.12.93 1.12.94 1.12.95

Fig. 2. Population dynamics of the snow vole in the Alps, 1991-
1997 and the sibling vole at Svalbard in 1990-1996. Estimated
population sizes based on closed population models (open cir-
cles) , with population sizes at the beginning of the breeding sea-
son indicated with stars.

breeding and survival at Svalbard, bur also, bur to a lesser
extent, to density-dependent effects on summer survival
and reproduction (Yoccoz et al. unpubl.). As we trapped
most of the area where the population was found in low
abundance years, bur only a small proportion of the area
occupied by the population in high abundance years, the
actual fluctuations of the whole population are likely to be
an order of magnitude higher. The alpine common yale is
not known to exhibit large multiannual fluctuations such
as the anes found in lowland Europe (Le Louarn 1977,
Jobsen 1988, Mackin-Rogalska and Nabaglo 1990).

The populations differed also with respect to demo-
graphic tactics. The snow yale is a species with very low
turnover: young usually did not reproduce in their year of
birth, litter size was low (3 on average; Frank 1953, Janeau
and Aulagnier 1997) and survival was high, particularly so
during the winter (Yoccoz unpubl.). Very similar values for
survival were estimated for the Clapey and Couvercle pop-
ulations. On the other hand, the sibling yale at Svalbard is
Olle of the fastest reproducing mammal in the world, fe-
males giving birth for the first time when barely more than
Olle month old (Yoccoz et al. 1993a). With a litter size
equal to 4.5 (nulliparous females) and 6.5 (multiparous
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Table 1. Main demographic characteriscics of the three populations. Overwinter survival is given from September to lune. Summer
survival is given per 28 d.

Sibling vaIe (Svalbard) Snow vole (Alps) Common vole (Alps)Demographic trair

Overwinter survival (average)
Overwinter survival (variability)
Summer survival (average)
Summer survival (variability)
Litter size
Litters/season
Winter reproduction
Age at first reproduction

45%
low
85%
moderate
3.0 a

2
No
1 year

-

90%
moderate
4.0 b

3
No
l year

10%
high
80-90%
moderate
5.5
4
Yes
1 month

a data from Frank 1953, Janeau and Aulagnier 1997, b data from Le Louarn et al. 1970.

bility is much larger during the winter at Svalbard, and
much smaller during the summer, as compared to OUT al-
pine sites (Fig. 4; Førland et al. 1997). Precipitations are
very reduced in the arctic, particularly in the winter period
(on average, precipitations in November-April amount to
99 mm at Svalbard airport (Førland et al. 1997) against
520 mm in Bourg Saint Maurice - and the precipitations
on the alpine field sites are likely to be even higher because
of orographic effects). This results in a shallow and unsta-
ble winter snow larer at Svalbard, as opposed to a well in-
sulating cover in the Alps. In fact, the snow larer at Sval-
bard can completely disappear in the middle of the winter
as a consequence of freezing rain (unpubl.). The impor-
tance of a stable snow larer for small mammal winter sur-
vival and reproduction in the arctic has been repeatedly

whether it derives instead from same specific characteris-
tics of the European Alps, such as different predator com-
munities (Yoccoz and Mesnager 1998). It should be noted,
however, that specialist predators are absent from Svalbard,
but present in the alpine zone (stoat, Muste/a erminea, and
kestrel, Palco tinnunculus). Therefore, the selection for low
vs high turnover rate does not seem to be related to preda-
tion pressure.

There is, however, a climatic difference between Sval-
bard and European Alps which may be relevant for ex-
plaining the evolution of different life history tactics. Tem-
peratures are on average somewhat lower at Svalbard than
at the Clapey alpine site (see Fig. 3), but this difference
nearly vanishes for the Couvercle site in the Mont-Blanc
range (Fig. 3). On the other hand, the between-year varia-
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Fig. 3. Temperature monthly averages at the Clapey and Couver-
cle study sites (estimates based on the nearest meteorological sta-
tions and an altitudinal gradient ofo.6°C 100 m-I; see text) and
the Svalbard study site. Average values for two high altitude al-
pine meteorological stations (Zugspitze and Sonnblick; data
from Barry 1992) are also shown.

Fig. 4. Standard deviation of monthly average temperature at
Svalbard (squares) and at Bourg Saint Maurice (circles).
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able to escape predation pressure and reach very high den-
sities. The absence of cycles in alpine regions would there-
fore be an indirect consequence of selection in stable envi-
ronments. Clearly, we need much more empirical work in
other alpine regions to assess if environmental variability is
one of the ultimate causes of population cycles.

It is surprising that the sibling vole population at Sval-
bard did not become extinct given the huge fluctuations in
numbers, and the associated very low numbers after winter
crashes. aur observations showed that the spatial variabil-
irr, and in particular the relatively large altitudinal spread
of the population after one or two years ofincrease (ca 300
m), rescue the population by always leading to SOfie in-
habited patches staying ice-free during the winter (Ims and
Yoccoz unpubl.). However, any increase in the extent of
freezing rain events, either in intensity or in frequency
would lead this population to extinction. SOfie climatic
models predict an increase in the variance of temperature
and precipitation (e.g. Mearns et al. 1997), and this would
probably have severe consequences for species such as arc-
tic small mammals. An increase in precipitation is also ex-
pected (Houghton et al. 1996), and this may counterbal-
ance the previous negative effects by providing a more sta-
ble snow cover. More research is needed to understand
how the stability and insulating properties of the snow lay-
er are likely to be affected by climatic changes, both in arc-
tic and alpine areas.

Conclusion
Studies of small mammals in cold regions have mainly

focused on boreal and {sub)arctic populations, emphasiz-
ing the occurrence of dramatic multiannual fluctuations
(cycles). Less studied have been the consequences in terms
of demography of the strong seasonality and large interan-
nual environmental variability, particularly with respect to
winter conditions. Here we compare demographic pat-
terns of alpine and arctic populations of small mammals,
and suggest that opposite demographic tactics have been
selected for: low turn over rate in alpine, stable environ-
ments, high turnover rate in arctic, unpredictable environ-
ments.

emphasized (e.g., Krebs 1964, Fuller et al. 1969, Chappell
1980, Hyvarinen 1984, Scott 1993, Reid and Krebs
1996). Reid and Krebs (1996), for example, showed that
both the cold intensity in the autumn (i.e., befare a perma-
nent snow cover), and the insulative potential of the snow
(i.e., the snow cover divided by the number of degree-days
of frost) were important determinants of the winter surviv-
al in the collared lemming, Dicrostonyx kilangmiutak.
However, their study site, as aur Svalbard study site, is
characterised by a very shallow snow cover, 25 cm on aver-
age in the end of January. Clearly, alpine environments
have much more stable and predictable snow cover than
arctic environments, as a consequence of higher winter
precipitations and a lower climatic variability. Snow depth
on aur alpine study sites is at its maximum in April varied
between 2 m (in 1994, a snow-poor winter) and 5 m
(1995, a snow-rich winter) (see Martin et al. 1994). Most
importantly, freezing raiD is extremely rare in the alpine
roDe, and ice cover on the ground is exceptional (unpubl.).
Winter survival is therefore expected to be higher on aver-
age and more stable in alpine areas as compared to arctic
enVlronments.

It remains to be shown that these different patterns in
environmental variability may be responsible for the evolu-
tion of the observed different demographic tactics. The
stable population siles observed in the Alps may result in
stronger density-dependent selection, and therefore lower
investrnent in reproduction and higher survival
(MacArthur 1962, Boyce 1984, MuelIer 1997). In the
Arctic, extreme population fluctuations caused by unfa-
vourable winter conditions may result in frequent local ex-
tinctions (Framstad et al. 1993, Yoccoz et al. unpubl.).
This will favour a demographic tactic leading to fast recol-
onization of habitat patches, that is, high intrinsic rate of
tncrease.

The importance of snow cover has also been empha-
sized with respect to patterns of small mammal population
dynamics. The lack of snow cover in low altitude!middle
latitude environments (e.g., southem Sweden: Hansson
1971) together with the existence of a diverse community
of generalist predators would prevent the occurrence of
multiannual fluctuations, i.e., cycles. In northem environ-
ments, specialist predators may constitute with small
mammals a predator-prey oscillating system, where sea-
sonality may furthermore be an important component
(Hansson and Henttonen 1985, 1988, Hanski et al. 1991,
1993, Hanski and Korpimaki 1995, Stenseth et al. 1996).
However, as pointed out above with respect to demogra-
phy, this claes not seem to apply to the Svalbard! Alps mi-
crotines. The snow yale and the alpine common yale are
indeed not known to exhibit large multiannual fluctua-
tions such as the anes found in lowland Europe (Le Louarn
1977, Jobsen 1988, Mackin-Rogalska and Nabaglo 1990),
whereas the Svalbard population shows large multiannual
fluctuations. It; however, low turnover rates are selected for
in alpine environments, then small mammals may not be
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