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In the following we review the results of comparative and experimental studies on the
impact of kinship and familiarity on the social systems and population dynamics of
microtine rodents. We refer especially to the bank vole Clethrionomys glareolus and
the field vole Microtus agrestis. In the beginning of the breeding season the neighbour-
ing territorial Clethrionomys females can be close kin or at least mutually familiar after
having spent the winter in an aggregation and probably having nested together. This
relatively high degree of kinship or familiarity promotes population growth in the first
half of the breeding season, if external factors, such as food and predation, allow it.
Kinship should have less or no impact on the social relationships in Clethrionomys
males. The impact of relatedness between the breeding females seems to be unimpor-
tant in Microtus agrestis. The differences in kin interactions between these species are
most probably food-mediated. Field voles use most effectively the rich food resources
during the early summer. The preferred dicotyledons are, however, soon depleted and
the growth of the graminids slows down as they form seeds during midsummer. As a
consequence the breeding females have a strong tendency to disperse and kin groups
are very short-lived. This affects the population density negatively during mid-sum-
mer. In the bank vole females the lower level of agonism among neighbouring breeding
females promotes population growth but exclusive female territoriality throughout the
breeding season prevents as a rapid population growth as in the field vole. The role of
kin interactions in population dynamics of Clethrionomys and Microtus voles seems to
be different, but as a whole it should have an annual character only, and have no or little
to do with multiannual population fluctuations of microtine rodents.
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1. Introduction

Questions on the impact of relatedness to popu-
lation parameters have been a subject of intense
research and discussion since the kin selection
theory by Hamilton (1963, 1964, 1970). Kin se-
lection studies first concerned on the problems
of relationship between altruistic behaviour and
inclusive fitness of individuals. A decade ago
they produced promising hypotheses to explain
cyclic population fluctuations of small rodents
— one of still existing challenges of population
ecological research (Lidicker 1988). One of the
most discussed and tested hypothesis has been
that of Charnov and Finerty (1980). It suggests
that the individuals during a low population den-
sity are surrounded by related animals, behave
amicably towards each other and this promotes
the growth of the population. Inversely, the indi-
viduals of a high density population are more
likely surrounded by non-relatives, which is ex-
pressed by a high degree of aggressiveness be-
tween them and leads to the decline of the popu-
lation density.

After ten years discussions Charnov and
Finerty hypothesis has been shown to be insuffi-
cient to explain cyclic multiannual population
fluctuations (e.g. Pugh & Tamarin 1990, Stenseth
& Lomnicki 1990). However, it has initiated a
number of field and laboratory studies on the
relationship between relatedness and population
growth (Boonstra & Hogg 1988, Ylonen et al.
1990, review by Kawata 1990, Lambin & Krebs
1993, Sera & Gaines 1994), but also on the im-
pact of kinship and familiarity on social proc-
esses and reproductive success (Armitage 1990,
Ferkin 1990, Mappes et al. 1995).

The aim of the present paper is to review
mainly our own long-term studies on the rela-
tionship between the social organization and de-
mography in cyclic microtine populations in
northern and central Fennoscandia. We describe
the patterns of social organization and the impact
of relatedness and familiarity on annual social
systems and demography of Clethrionomys and
Microtus voles. Bank voles and field voles ex-
ploit different habitats and should exhibit differ-
ent life-historical adaptations to annually chang-
ing environmental conditions (Viitala 1977,
Ylonen 1989a, Pusenius and Viitala 1993a, b). In

this paper we review some of the recent experi-
mental studies, too. We also point out the impor-
tance of long-term comparative data collection
(Haila 1988). It is the way to understand the
plasticity in the responses of individuals and
populations to changes in annually and multi-
annually changing social environment.

2. Study areas and material

We have conducted several long term studies in northern
and central Finland on social adaptations of individuals
and populations during different phases of the population
cycle of microtines. We view the changing social behav-
iour of individuals and the organization of populations as
an adaptation to environmental conditions (Y1onen 1989a,
1990, Viitala & Ylonen 1993).

Our material consists of studies in northern Finland in
1964-74. They dealt with two Clethrionomys species, C.
rufocanus and C. rutilus (Viitala 1977, 1987) and one
Microtus species, M. agrestis (Viitala 1977). The material
from central Finland consists of comparative studies on
Clethrionomys glareolus (Y1onen & Viitala 1985, Ylonen
et al. 1988) and introduced C. rufocanus (Y1lonen & Viitala
1987) in 1982-88. Comparative studies on Microtus
agrestis from central Finland (Pusenius 1992, Pusenius &
Viitala 1993a, b) compile the material of this interspecific
comparison. In all of the mentioned studies the method has
been capture-mark-recapture (CMR) and the field work
has been carried out by the same persons so that the com-
parability of the studies is best possible. In the reviewed
papers we determined following factors in order to de-
scribe the population structure: an index of the size of
individual home ranges (determined as a number of used
trap sites during one trapping period), formation of family
clans, movements of young from the natal home range to
the breeding home range, consistency of sibling groups
and intersexual differences in the space use. In central-
Finnish studies live-trapping was conducted during the
winters, too. We review also some data on our field experi-
ments carried out in either four 0.5 ha enclosures or in
eight 0.25 ha enclosures (Ylonen et al. 1990, Ylonen &
Viitala 1991, Pusenius 1993, Pusenius & Viitala1995).

3. Kinship and familiarity vs. annual so-
cial structure and population dynamics in
Clethrionomys

The population density of the bank vole (Clethrio-
nomys glareolus) fluctuated during our six-year
enclosure study in central Finland similarly as de-
scribed, e.g. by Hansson and Henttonen (1988) for
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Fig. 1. Differences in the home range overlap of breed-
ing bank vole females during the moderate density
summer 1984 and high-density breeding season 1985
(thin lines, according to Ylénen et al. 1988) and during
a high-density summer 1985 in the field vole (thick
line, According to Pusenius & Viitala 1993b).

cyclic populations. We had population crashes 1982
and 1986, and in-between an increase year and two
peak years (Ylonen et al. 1988). The average home
range size of breeding females was largest (630 m?
during the increase phase of the population cycle in
1983. During all other phases of the cycle the home
range size did not vary considerably and was under
500 m? (Ylonen 1990). Home range overlap during
the breeding season was affected by density (Fig.
1). The maximum was 37% during a high density
of breeding females in 1984 (Ylonen et al. 1988,
Ylonen 1990). The overlap was always high during
the non-breeding season (Ylonen & Viitala 1985,
Ylonen 1990). We observed the same pattern for
the grey-sided vole (C. rufocanus) population, which
originated 700 km farther north and was introduced
to an island in central Finland (Ylonen & Viitala
1987). In the bank vole the home range overlap
decreased with increasing population density dur-
ing the high density breeding seasons 1984 and
1985 This may indicate a density-mediated more
aggressive defence of the home range, either as a
food resource (e.g. Ylonen et al. 1988) or as a safe
nest sites for defending of the young (Wolff 1993).

The common pattern of over-wintering in cen-
tral and southern Fennoscandian Clethrionomys
populations seems to be an intersexual aggrega-
tion or a small group (Fig. 2, Ylonen & Viitala
1985, Karlsson 1988). This was verified experi-
mentally, too (Y16nen & Viitala 1991, H. Yl6nen
& T. Mappes, unpubl). It has been suggested that
aggregative behaviour would be dependent on
the abundance and distribution of winter food

Microtus agrestis

Clethrionomys

Winter

Fig. 2. Schematic presentation of seasonal changes in
the social organization of female field voles and bank
voles. Seasonal movements of individuals are indi-
cated by arrows. Ellipses = overwintered females, poly-
gons = first cohort females, broken line = second co-
hort female field voles. The main features in the Microtus
system are the only short lived kin-clusters throughout
the breeding season, adult female dispersal during
midsummer and relatively stochastically formed asso-
ciations (according to Viitala 1977 and Pusenius and
Viitala 1993b). The main features in the Clethrionomys
system are aggregative behaviour in winter and
philopatry of both overwintered females after splitting
of the aggregation in spring and of daughters during
early summer (according to Ylénen & Viitala 1985 and
Ylonen et al. 1988).

(West & Dublin 1984) so that under poor food
circumstances voles could occupy exclusive win-
ter territories. An indication of this could be the
dispersing of young grey-sided voles to indi-
vidual territories just before the onset of winter
at Kilpisjédrvi, north-western Lapland (Viitala
1977) but actual winter studies are lacking. How-
ever, at Pallasjérvi, Forest-Lapland, concentra-
tion sites of Clethrionomys home ranges in win-
ter could not be found (Henttonen & Viitala
1983).

One crucial factor in the social over winter-
ing of voles should be heat-saving when nesting
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Fig. 3. An example of the group dispersal of in the
grey-sided vole siblings (three females and two males)
between the trappings of two consecutive weeks ob-
served in summer 1974 at Kilpisjarvi, Finnish Lapland.

communally (Sealander 1952, Vickery & Millar
1984). An aggregation — or a smaller group —
in a field population consists normally of two to
four females and one or two males (Karlsson
1988). With experimental increasing of local food
resources the number of joining individuals can
be increased to upto 10 per one group (Y16nen &
Viitala 1991). Overwintering aggregations are
often formed by 1-2 neighbouring females with
some of the last litter young staying in the group
or its vicinity. Males joining the group seem to
be unrelated to the females in the group (Ylonen
& Viitala 1985). Group movements of siblings
are common. Often 3-5 young bank voles of the
same litter are captured in the same live-trap (H.
Ylonen et al., unpubl. data). The same is true for
the more northern grey-sided vole. In this spe-
cies we witnessed a sibling dispersal over great
distances between the capture co-ordinates of
two consecutive trapping periods (Fig. 3, J.
Viitala, unpubl. data). This kind of late summer
sibling groups can obviously form over winter-
ing groups, too. In total, relatedness between
neighbouring individuals, whether over winter-
ing in groups or not, should therefore be high.
Also the joining unrelated individuals have a
long non-breeding season with low level of ag-
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gressiveness to get familiar with other members
of the group. Thus they possibly benefit of the
familiarity and increased mutual tolerance in the
beginning of the next breeding season. Territo-
rial females during the breeding season seem to
form the basic social structure of Clethrionomys
populations. Therefore the impact of possible
kin-recognition and familiarisation should be of
greater importance for females than for males
(Ylonen et al. 1988, Ferkin 1990, Y1onen 1990).

In spring by the onset of breeding the (fe-
male) aggregations split apart. However, the
breeding territories are formed as close to the
over wintering site as possible (Fig. 2, Ylonen et
al. 1988, see Viitala 1987 for an exception). Dur-
ing a winter with abundant food female bank
voles can exceptionally already be pregnant when
moving to the breeding territory (Ylonen &
Viitala 1985). Kinship and/or familiarity together
with rich food resource (exceptional seed crop of
spruce and alder in winter 1984) can strongly
alter the normally observed breeding territorial-
ity of bank vole females. In spring 1984 breeding
started very early under the snow and females
from the same winter group reproduced on greatly
overlapping breeding territories and despite this
the survival of the young until breeding age was
100% (Ylonen & Viitala 1985). Females of the
first litter disperse shortly after they have been
weaned but stay as close to the natal home range
as possible (Fig. 2). In moderate density year
1982 the average distance moved between natal
and breeding territory was 40 metres (Ylonen et
al. 1988). These females of the first litters be-
come mature and breed during their first summer
already. Thus the degree of kinship between
neighbouring breeding females remained fairly
high during at least the first half of the breeding
season. In behavioural trials with mothers and
their daughters that had already founded an own
territory and were pregnant we recognized that
the degree of aggressiveness was lower among
kin than in non-kin female-female pairs used for
comparison (H. Ylonen, unpubl. data). We could
also experimentally verify the prediction that kin-
ship and familiarity increase the growth rate of
bank vole populations (Y16nen et al. 1990).

As space becomes limited during the latter
part of the summer the next litters have two
choices: either to disperse farther, separately or
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in sibling groups (Fig. 3.) and find a breeding
territory already during the summer of birth, or
to stay immature in the natal home range and
wait for the next breeding season. We have mainly
been working with enclosure and island popu-
lations. Thus we have been unable to determine
the mode and effects of dispersal, except for one
unreplicated experiment. It showed a great dif-
ference in the age and sexual status of dispersers
between Clethrionomys and Microtus voles
(Viitala et al. 1994). That submature bank voles
are capable for probably very costly long-term
dispersal was verified during the island study of
the grey-sided vole (C. rufocanus). Every sum-
mer between 1983 and 1986 some young bank
voles (maximum seven in high-density year 1985)
reached the Iso-Korppi island (ca. 400 metres
from a larger island near mainland) by swim-
ming. The more closely to the continent situated
Siimari-Island (ca. 80 metres from mainland) was
rapidly recolonized by the bank vole after the
disappearance of grey-sided voles from the is-
land (Ylonen & Viitala 1987). One could predict
that the stronger long-distance dispersal during
the latter part of the breeding season could in-
crease the heterogeneity of populations as sug-
gested by Charnov and Finerty (1980). However,
we believe that the sibling group dispersal of
voles is more common than expected until now.
It would explain the observations by Pugh and
Tamarin (1990) that the degree of relatedness in
a population of Microtus pennsylvanicus did not
deviate between low and high density years.

On the other hand one might ask what are the
benefits of agonistic interactions between mutu-
ally unfamiliar individuals? One could assume
that in a heterogeneous population established
by long-term dispersal, agonistic interactions
could keep the density below the carrying capac-
ity of the suboptimal habitat (the optimal habitat
is already occupied). This could promote sur-
vival of individuals forced to use the marginal
habitat. We suggest that the basic social structure
of Clethrionomys voles is a matriarchat where
kin interactions play a strong role as long as
environmental factors allow population growth.
Strong seasonality and periodicity in predation
pressure seem to be the “Zeitgebers” of the popu-
lation dynamics determining the shape of long
term population fluctuations.

.: Population dynamics of voles
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4. Kinship, familiarity, social structure and
reproductive success in Microtus agrestis

There is not much information on the social
overwintering of Microtus from the areas where
there is a permanent snow cover in winter. Stud-
ies of Myllymiki (1977) with a confined colony
indicate that field voles (Microtus agrestis) form
aggregations where they are capable of huddling
together. These aggregations seem, however, to
be random and can change both members and
location in time. Pusenius (1992) found in an
open population that field voles lived mostly in
aggregations until December. Since January there
was a tendency to live more separately. The break-
down of the aggregations occurred simultane-
ously with a marked loss of individuals from the
population.

Winter survival of Microtus seems to be con-
siderably lower than that of Clethrionomys.
Viitala (1977, 1984) found in an open northern
Finnish study plot that survival during a peak
year winter was 46% for C. rufocanus and 26%
for M. agrestis. In a study with open central
Finnish peak year populations Pusenius (1992)
estimated a winter survival of 49% for C.
glareolus and 15% for M. agrestis. The trapping
grid consisted partly forest and partly old field.
The field voles living on the old field side were
exposed to a heavier predation pressure indi-
cated by the abundance of weasel tracks (J.
Pusenius, unpubl.).

If the increased degree of relatedness pro-
motes the survival of the population during the
non-breeding season in the same way as during
the breeding season (e.g. Lambin & Krebs 1993),
its effect may not be very important in Microtus.
That is because of the random nature of the
overwintering aggregations and the importance
of other mortality factors such as predation at
least during some years. It seems that the mortal-
ity rate in Microtus voles is more density de-
pendent during the winter than in the bank vole.

During the breeding season young field vole
females mature already on the home range of
their mother (Viitala 1977). Lambin and Krebs
(1991) argued that in this kind of situation kin
clusters of breeding females are formed due to
philopatry of female voles. This does not, how-
ever, happen in Microtus agrestis. We used
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radionuclides to determine matrilineal kinship
(Pusenius 1993). We found that the associations
between the mother and the daughter were very
short-lived and living in a kin association did not
enhance reproductive success. The young females
that had their mother as their nearest neighbour
got the same number of trappable recruits as the
young females that had a strange old female as
their nearest neighbour. Furthermore, familiarity
between neighbouring breeding field vole females
does not seem to have an effect on their spacing
behaviour and reproductive success. Pusenius and
Viitala (1995) made an experiment with M.
agrestis using similar design as that of Ylonen et
al. (1990) with C. glareolus: populations of fa-
miliar and related individuals were compared
with populations of unrelated and strange indi-
viduals. The difference between the species was
clear. Unlike in Clethrionomys no behavioural or
demographical differences between the treatments
were found in Microtus agrestis. In the familiar-
ity and kin treatment the coefficient of kinship
was somewhat lower in the Microtus experiment
than in the Clethrionomys one. However, famili-
arity and not the coefficient of kinship has been
found to be the more important factor determin-
ing the nature of the social interactions in rodents
(see, e.g. Bekoff 1981, Konig 1994).

Thus kinship or familiarity does not seem to
affect social behaviour or reproductive success
in Microtus agrestis during the breeding season.
This is at least partly due to the dispersal ten-
dency of the older breeding females probably
connected to availability of high quality food.
Although old field is a very productive habitat,
the preferred dicotyledons are soon depleted and
the growth of the graminids slows down as they
form the seeds in midsummer (Myllyméki 1977).
The following dispersal breaks down associa-
tions between neighbouring kin and may even
reduce population density (Myllyméki 1977,
Pusenius 1993, Pusenius and Viitala 1993a).

5. Conclusions

The impact of kinship on the population structure
and growth seems to be different in Clethrionomys
and Microtus voles. This was exactly what we have
expected on basis of previously known differences
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in the ecology of these two genera (Viitala &
Hoffmeyer 1985, Ylonen et al. 1995), with some
exceptions in North-American Microtus species.
Clethrionomys voles inhabit relatively stable forested
habitats with restricted food resources of seeds,
buds, fungi and herbs (Hansson 1985) both during
summer and winter. They have evolved a relatively
stable social system basing on female territoriality
(Kalela 1957). This kind of environment does not
support as great population outbreaks as a field or
meadow, where green biomass accumulates rap-
idly during early summer. In the stable
Clethrionomys system kin interactions could have
a greater impact on population processes than in the
Microtus system. The social organization in field
voles reflects their “explosive”reproduction during
the growth of fresh, green plant material. It is fol-
lowed by dispersal to new breeding grounds as the
high quality food is depleted (Myllyméki 1977).

If the high degree of relatedness and/or fa-
miliarity decreases aggressiveness between the
neighbouring females — leading to a lower de-
gree of infanticide (e.g. Boonstra 1984, Wolff
1985) — this should promote the growth of the
population. This was evident in an experiment
with the bank vole (C. glareolus) but not with
M. agrestis and in two North-American studies
on Microtus voles (Boonstra & Hogg 1988, Sera
& Gaines 1994). However, Boonstra & Hogg’s
study was unreplicated and recently Wolff (1995)
criticised the other Microtus study of using unfa-
miliar males in the experimental “Friends”
populations with high degree of kinship among
females only. This could increase the probability
of male infanticide and be reflected in the slower
population growth of the populations founded by
kin females, too. Due to different explotation of
available resources in Clethrionomys and Micro-
tus voles relatedness and familiarization could
have a different impact in shaping social interac-
tions among individuals of these species. A slower
growth rate and social stability in “forest voles”
and high rate of harvesting of green biomass,
rapid population growth and social instability in
“field voles” would reflect these differences.

Finally, back to the idea paper by Charnov
and Finerty (1980). There are strong indications
that increased degree of kinship in a population
could promote survival of the young produced.
This could lead to a rapid population growth —
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at least in some species and under certain envi-
ronmental conditions. Nobcdy, however, has been
able to show that an inverse development of
relatedness along the population growth would
bring the population to decline. Further, Pugh
and Tamarin (1990) could show that the degree
of relatedness did not differ between the years of
low and a high density in their study population.
We suggest that at least in Clethrionomys voles
kin interactions can promote annual population
growth during low and moderate density springs
During high density years external factors most
probably overwhelm the impact of kin interac-
tions and familiarity in determining the popula-
tion structure and growth. Such factors include
exploitation of local food resources, length of
snowy period, characteristics of the spring thaw
in Fennoscandia, and the changing assemblage
of parasites, pathogens and predators (Hansson
& Henttonen 1988, Y1onen 1989b, 1994, Hanski
et al. 1991, Haukisalmi 1991).
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