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The Autecology of Small Rodents
and Insectivores of the Tribec Mountain Range

I. GRULICH,1 J. NOSEK2 & L. SZAB63

Small rodents and insectivores have become the main reservoirs oftick-borne encephalitis
virus. In order, therefore, to demonstrate the dynamic and structural changes occurring
in a natural focus of tick-borne encephalitis, information has been collected on the dis-
tribution, habitat, life-cycle, population density and extent of tick infestation of the rodents
and insectivores that inhabit the Tribec region and adjacent parts of the Hronsky Inovec
Mountains. The following mammals are discussed: Sciurus vulgaris, Citellus citellus, Glis
glis, Muscardinus avellanarius, Mus musculus, Micromys minutus, Apodemus flavicollis,
A. sylvaticus, Microtus arvalis, Pitymys subterraneus, Clethrionomys glareolus, Arvicola
terrestris, Sorex araneus, S. minutus, Neomys fodiens, N. anomalus, Crocidura sua-
veolens, C. leucodon, Erinaceus roumanicus and Talpa europaea. Many of these are
important reservoirs of virus.

The present paper is a contribution to the know-
ledge of the autecology of small rodents and
insectivores and their distribution and population
density in the Tribec region and the adjacent parts
of the Hronsky Inovec Mountains, leading to the
elucidation of the principal relations between the
host, the parasites and their environments. The
individual data, collected over a period of 10 years,
are so arranged as to provide a basis for the syn-
ecology and to show the dynamic and structural
changes occurring in a focus of tick-borne ence-
phalitis (TBE).
Many details of distribution, habitat, life-cycle,

population density and methods of study are des-
cribed in a paper on small rodents and insectivores
of the Tribec Mountain range and the adjacent
parts of the Hronskf Inovec Mountains (Grulich
& Nosek, 1966).
Because rodents are numerically predominant in

most terrestrial biotopes, exhibit a high degree of
ecological plasticity and live in close contact with
ticks, they have become the main reservoirs of tick-
borne encephalitis virus. The relationship of this
virus to rodents is determined by their population
density and dynamics and by the trophic relation-
ships of ticks.

RODENTS

In elementary foci of TBE virus in the region
under study the following species of rodent have
been observed: Sciurus vulgaris Linnaeus, 1758;
Citellus citellus Linnaeus, 1766; Glis glis Linnaeus,
1776; Muscardinus avellanarius Linnaeus, 1758;
Mus musculus Linnaeus, 1758; Micromys minutus
Pallas, 1771; Apodemus flavicollis Melchior, 1834;
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Apodemus sylvaticus Linnaeus, 1758; Microtus
arvalis Pallas, 1778; Pitymys subterraneus de
Selys-Longchamps, 1836; Clethrionomys glareolus
Schreber, 1780; and Arvicola terrestris Linnaeus,
1758.

SCIURUS VULGARIS

The population density of squirrels in these habi-
tats was low throughout the 10 years of investiga-
tion, at most 1-2 per 100 ha. When the harvest of
forest seeds and fruits is poor, the squirrels do not
keep to certain territories but migrate. Pregnant
females are seen from early spring until summer;

1919 25 -



I. GRULICH, J. NOSEK & L. SZAB6

females normally reproduce once or twice a year
and under favourable conditions three times. The
litter contains 3-8 young, which become independent
at the age of 8 weeks. The squirrel is an important
host of various species of tick, e.g., Ixodes ricinus
and I. trianguliceps.

CITELLUS CITELLUS

The population density of the ground-squirrel
varies in different habitats and in different years.
At Zirany we observed 35-68 burrows per ha in a
colony on the pasture. The ground-squirrel forages
mostly in the open, entering the edges of woods
and shrubberies only in suitable habitats. It lives
singly in a burrow in a colony and is active only
in the daytime; it is a true hibernator. After the age
of at least one year, the female bears young once a
year between the end of March and the beginning
of May; there are 2-8 young in the litter. During
June and July, the young make up at least 50% of
the population. Ground-squirrels caught in the
edges of forests and shrubberies are usually infested
with larvae and nymphs of L ricinus.

GLIS GLIS

The population of dormice in the Tribec area was
less than that in the Silica plateau (South-East
Slovakia) or in the Little Carpathians (West Slo-
vakia) during the whole period of observation.
Generally the micropopulation consists of several
adults and young concentrated in a small area, the
remaining territory being unpopulated. The dor-
mouse is a true hibernator and is primarily active, at
twilight and at night, from the end of March or
April to September or October. From the age of
one year, the females bear young once a year, in
July or as late as September. There are 1-7 young
in the litter, and they become independent at the age
of two months. The dormouse is infested with
larvae and nymphs of I. ricinus and there is evidence
of viraemia (Nosek et al., 1963).

MUSCARDINUS A VELLANARIUS

The population density of this species is very low
in the Tribec area and its occurrence is sporadic.
Winter dormancy lasts from the end of October
until the end of March or April. From the age of at
least one year, the female bears young once or twice
a year; there are 1-7 young in the litter. M. avella-
narius is frequently infested with larvae and nymphs
of L. ricinus and L trianguliceps.

MUS MUSCULUS

Apart from synanthropic ones, house mice were
found during the summer of 1963 at the edge of a
sparse forest near Zirany; near Topol6ianky, in a
wood of black locust trees; in a clear maple and oak
forest at Parovske Haje; in the forests at Jarok, and
elsewhere. The population density of this species
varies in different years. M. musculus is active
throughout the year, chiefly at night. The females
attain sexual maturity at the age of 2-3 months;
a female may litter 4-6 times a year, there being
4-8 young in each litter. Evidence of viraemia in
M. musculus has been obtained (Radda, Pretzman
& Kovac, 1964). In elementary foci of TBE in the
Tribec area, this rodent is strongly infested with
larvae and nymphs of I. ricinus.

MICROMYS MINUTUS

The population density of M. minutus varies con-
siderably from year to year. The species builds its
nests above ground in dense vegetation. It is active
throughout the year, mainly at twilight but often
during daylight. The females are capable of repro-
duction by the age of 6 weeks. Pregnant females
were found from March to the end of December;
during a year, one female can litter two or three
times, bearing 3-7 young in each litter. Ecological,
parasitological and virological observations indicate
that M. minutus is one of the animals that act as
reservoirs of tick-borne encephalitis virus, playing
an important part in the maintenance of the focus
(Mornsteinova & Albrecht, 1957).

APODEMUS FLA VICOLLIS

In the Tribec area we found this species most
frequently in dense deciduous forests and moister
shrubby slopes covered with luxuriant vegetation.
The population density of A. flavicollis varies from
year to year and even within one year. The highest
numbers were observed at the end of July and
August 1959 at Skycov, where we caught 55 speci-
mens per 100 live-traps laid. The lowest density in
the TribeW area was observed in the spring of 1963,
when only three sexually active individuals were
caught per 1000 snap-traps laid (0.3 Y.). During
October 1963, the catch of this species represented
only 2Y%-4y% of all mammals trapped in different
habitats; in March and April 1964, in the woods
of the Tribec area, it amounted to 7%; in September
1964 to 10%. In October 1963, A. flavicolis ac-
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counted for 11.2% and in September 1964 for
10.9% of all mammals trapped.
A. flavicollis belongs to the twilight and nocturnal

mammals. Generally it inhabits tree cavities and
hollow tree stumps, but it also lives in underground
burrows adapted from old mole tunnels. According
to Pelikan (1962) -and Zejda (1962), the territorial
area of A. flavicollis and A. sylvaticus is 2254 m2
for males and 1856 m2 for females; our observations,
however, suggest that the territorial areas for both
species are about twice these values.
The females are capable of reproduction from the

age of 2 months; pregnant females were present in
our catches from March to June. The high per-
centage of pregnant females in spring populations is
evidence that most of the adult females bear their
young in several successive litters during that
period. For this reason there is, in spring, a very
high percentage of juvenile and subadult individuals
in the population.

A. flavicollis belongs to the mammals most fre-
quently infested with larvae and nymphs of I. ricinus
and l. trianguliceps. Antibodies against TBE virus
were found in A. flavicollis in various parts of the
region; there is evidence of viraemia in this rodent
(Ernek et al., 1963; Radda et al., 1963) and virus has
been isolated from its blood (Kozuch et al., 1965).

APODEMUS SYL VATICUS

ThG population density of this species varies con-
siderably over the years. In the Tribec area, the
smallest numbers were observed in the spring of
1963; although 1000 snap-traps and 200 live-traps
were laiJ during Ap iL 1963, we did not catch a single
specimen. In October that year the catch was 3 %,
and in September 1964 10%-13 %. In 1964, A. sylva-
ticus was more abundant than A. flavicollis, making
up 13.6% of th- t )t- 1 number of mammals trapped.
Under favourable circumstances, the females may

begin to reproduce at the age of 2 months. Pregnant
females were caught only during spring and summer
trappings. Mo.e d tailed observations in southern
Moravia inci6ate that A. sylvaticus and A. flavicollis
reproduce from March to October. The high per-
centage of pregnant females in sp ing and summer
indicates that the female produces several litters in
rapid succession during spring. In the au umn
population of A. sylvaticus there was a large per-
centage (about 50%) of subadult individuals. The
importance of A. sylvaticus in foci of TBE is similar
to that of A. flavicollis (Radda, Pretzman & Kowac,
1964).

MICROTUS ARVALIS

In the TribeW area the vole lives mainly in the
open country in both barren and cultivated areas,
meadows and pastures. When overcrowded, it
penetrates deep into the forests, where under
favourable conditions it may reproduce. The
population density varies considerably within a year
and in successive years. Great overcrowding was
observed in the Tribec area and in the Hronsk5
Inovec Mountains in 1955, 1958, 1960 and 1964 and
high numbers were also recorded in 1956-57, as well
as in 1959. In April 1963 we found no M. arvalis
in forest habitats at Jarok and Parovsk6 Haje.
However, in the autumn about 1 %-3 % of the traps
ensnared animals. By March 1964 the catch was
4% and in September 1964 was as high as 30%-
35%, M. arvalis then being a strongly dominant
species in the community of mammals in that
area; it accounted for 44.6% of the total catch of
mammals.
The females are capable of copulating at the age

of 15-18 days and can bear young up to seven times
within one season; most of the litters are borne in
spring and summer. When populating the forests,
Microtus arvalis is heavily infested, being a host of
larvae and nymphs of L ricinus, L apronophorus and
L trianguliceps. So far, the TBE virus has not been
isolated from the vole under the conditions used in
our work, but numerous workers have reported the
isolation of antibodies.

PITYMYS SUBTERRANEUS

In the Tribec area this species is found especially
in deciduous forests with a rich, dense undergrowth
of vegetation growing both on loess and in flooded
valleys of the Nitra river. It also populates the
cleared forest edges. The population density varies
over the years but less markedly than that of
M. arvalis. P. subterraneus is active during both
day and night. It forages both above and under
ground; it often utilizes mole burrows, and is more
frequently trapped there than in traps laid on the
ground.

Pregnant females were found from March to July.
The number of young in a litter varied from two
to five.

Pitymys subterraneus is strongly infested with
larvae and nymphs of I. ricinus and L trianguliceps
and there is evidence of viraemia (Kozuch et al.,
1966).
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CLETHRIONOMYS GLAREOLUS

In the Tribec area, we found the bank vole in all
wooded and shrub-covered, rather moist habitats.
The population density is subject to considerable
variation in successive years. In April 1963 there
were few C. glareolus in the Tribec area; we suc-
ceeded in catching only one individual in 1000 snap-
traps. In October of the same year the numbers
were still low; at Parovske Haije we caught only 13
bank voles in 180 live-traps (7.2%), but the catch
amounted to 10.5% by September 1964. According
to Pelikan (1962) and Zejda (1962), the territories of
the bank vole extend to 1838 m2 for the male and
only 1235 m2 for the female, on the average.

In the Tribec area we found pregnant females
throughout the entire growing season, the numbers
being highest in spring and early summer. A female
may contain 2-8 embryos.

C. glareolus is one of the important hosts of
larvae and nymphs of L ricinus and all developmental
stages of I. trianguliceps. There is evidence of
viraemia (Ernek et al., 1963; Radda, 1963).

AR VICOLA TERRESTRIS

In the Tribec area, this species inhabits only the
littoral formations along brooks, rivers, backwaters
and ponds. The population density has not been
studied by trapping.

INSECTIVORES

A unique role in relation to ticks is played by
the mole and the hedgehog. The mole, when it lives
in the forest, is an important host of larvae and
nymphs of ticks; furthermore, its population density
does not show the same periodic fluctuation as that
of small rodents. Hedgehogs living in forests are
usually heavily infested with larvae, nymphs and
imagos of I. ricinus (up to several hundred larvae
and nymphs and tens of imagos) and occasionally
with other species, e.g., L hexagonus.

In the elementary foci of tick-borne encephalitis
in the Tribec area, the following species of insecti-
vores have been observed: Sorex araneus Linnaeus,
1758; Sorex minutus Linnaeus, 1766; Neomysfodiens
Schreber, 1777; Neomys anomalus Cabrera, 1907;
Crocidura suaveolens Pallas, 1811; Crocidura leuco-
don Hermann, 1780; Erinaceus roumanicus Barrett-
Hamilton, 1900; and Talpa europaea Linnaeus,
1758.

SOREX ARANEUS

In the study area the shrew is an important
component in nearly all habitats. Sorex araneus
often inhabits very damp forest areas or open areas
covered with grass or reeds and marshy vegetation
and not only large cultivated areas and dry, woodless
slopes. The population density varies in the course
of a year and in successive years. We caught
S. araneus most frequently in the autumn, in traps;
this fact, corroborated by many other trappings, is
clear evidence of the concentration of shrews in
mole burrows. S. araneus is active throughout the
year, both during the night and in the daytime

(Janskf & Hanak, 1960; Grulich, Nosek & Szab6,
unpublished).
Under natural conditions, shrews attain the age of

two years and generations succeed one another
within one year. Pregnant females were observed
from March to October. The high percentage of
pregnant females indicates that the females bear
young several times in a year at short intervals.

SOREX MINUTUS

The population density of this species varies in the
course of a year and in successive years, but less
markedly than that of S. araneus. During a year,
the number may increase only about 3.5 times, and
never more than 4.5 times (Mezierin, 1960; 1961).
In the localities investigated in 1963 and 1964, the
population density of S. minutus was approximately
half that of S. araneus. In October 1963 this species
made up 6.2 %, and in September 1964 only 4.9 %, of
the number of small mammals trapped. S. minutus
is active both in the daytime and at night throughout
the year (Crowcroft, 1954; Jansky & Hanak, 1960).
We trapped sexually active females from March to
the end of September, although very few were trap-
ped in April and July.

NEOMYS FODIENS

Of all small insectivores, this species is the best
adapted to water. We have no information on its
population density. We trapped pregnant females
in May and July; the number of embryos per female
varied between two and nine.
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NEOMYS ANOMALUS

In the study area this species was trapped near
Topol'cianky at the foot of dry loess terrain mounds.
Its population density in the Tribec area is very low.
It searches for its food not only near the water's
edge and on river banks but often at considerable
distances from the water.

CROCIDURA SUA VEOLENS

In our catches from the Tribec area this species
was scarce, since we primarily investigated forest
habitats, where it is rare.

CROCIDURA LEUCODON

This species inhabits barren xerothermic slopes,
the edges of deciduous forests and, in the Tribec
area, even the interiors of dry to fairly moist forests
(e.g., at Jarok and Parovske Haje). The population
density varies within a year and in successive years.
During 1963 it was continually increasing and by
October the species accounted for 6.2% of the
mammals trapped. In September 1964, the per-
centage was the same and at this time the population
density equalled that of S. araneus.

C. leucodon hunts its prey in the vegetation stratum
and in the forest litter tunnels of other mammals,
especially those of the mole.

Fertile females were trapped on four occasions
from May to the end of October; they contained
between two and five embryos. C. eucodon repro-
duce several times a year, even during the winter in
the Tribec area.

IMPORTANCE OF SHREWS IN NATURAL FOCI OF TBE

Sorex araneus, S. minutus and C. leucodon are
important hosts of larvae and nymphs of I. ricinus
and I. trianguliceps. In Czechoslovakia, the TBE
virus was isolated from the brains of S. araneus by
Bairdos in 1957. The importance of N. fodiens in the
foci of TBE is small and C. suaveolus is much less
important than C. eucodon because of its sporadic
distribution.

ERINACEUS ROUMANICUS

In the Tribec area the hedgehog has been found in
nearly all the localities investigated. Most fre-
quently it has been found at the edge of forest
clearings and at the borders of forests. It even
penetrates into villages, being occasionally brought
there by the inhabitants. The population density of
the hedgehog is rather low and is relatively constant,
unlike that of S. araneus. The hedgehog enters winter

dormancy about the end of October and remains
dormant until the end of March. Hedgehogs are
solitary animals, only the females living together
with their young for 6-10 weeks. They search for
food in forest litter and among the vegetation, mostly
in the edges of forests and fields. Their vagrant way
of life indicates that their territory is rather wide.
Females attain sexual maturity at the age of one

year. Under the conditions prevailing in Central
Europe they reproduce up to twice a year (Herter,
1957). The females bear 2-10 (average 7) young
between May and September.
Compared with other small vertebrates, hedgehogs

are relatively highly infested with ticks. The rela-
tionship of the TBE virus to the hedgehog has been
studied by van Tongeren (1959), and during the
epidemic period the virus was isolated from the
blood of two hedgehogs captured in the Tribec
area.1

TALPA EUROPAEA

In the Tribec area, the mole was found frequently
in almost all the habitats studied. Its population
density is highest at the edges of deciduous forests,
in pastures and meadows, and in river valleys; in
the Tribec area, as in most of the habitats in
Czechoslovakia, the density is relatively constant.
In some places the density is high; in October 1963
we found 33 mole passages in a locality near the
quarry at Zirany and in two days we caught 15
moles in them.

In the region studied the moles reproduce only
once a year from the age of at least one year. The
female bears 2-7 young, mostly from the end of
April to the end of May, and the young moles
appear in the tunnels of the adults by the end of
May. Almost two-thirds of the June and July
population consists of juveniles, but by the autumn
the percentage of juveniles is greatly decreased.
Mole tunnels are used by other species of small

mammals. For example, in 10 fall-in traps set in
mole tunnels at Parovske Haje in October 1963,
29 Pitymys subterraneus and three Crocidura leu-
codon were caught in the course of three days.
Mole tunnels are important places affording contact
between small mammals and, in places, the mutual
exchange of their parasites. From the results of
experimentally induced viraemia, it is concluded that
the mole can be an important reservoir of TBE
virus (Kozuch, Grulich & Nosek, 1965).

1 See the paper by Koluch et al., this Supplement,
page 61.
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RtSUMIL

Les petits rongeurs et les insectivores constituent le
principal reservoir du virus de 1'encephalite transmise par
tiques. C'est pourquoi les auteurs ont cherche A montrer
les modifications dynamiques et structurelles qui se pro-
duisent dans la population de rongeurs et d'insectivores
d'un foyer naturel d'encaphalite 'a tiques. Au cours de
dix ans de recherches, ils ont recueilli des informations
sur leur distribution, leur habitat, leur cycle de vie, la
densite de leur population et l'importance de leur infesta-
tion par les tiques. Celles-ci sont Ixodes ricinus et, moins
frNquemment, I. trianguliceps.

Is ont etudi6, dans la region de TribeZ et les parties
voisines des Monts HronskS Inovec, les mammiferes
suivants: Sciurus vulgaris, Citellus citellus, Glis glis,
Muscardinus avellanarius, Mus musculus, Mycromys
minutus, Apodemus flavicollis, A. sylvaticus, Microtus
arvalis, Pitymys subterraneus, Clethrionomys glareolus,
Arvicola terrestris, Sorex araneus, S. minutus, Neomys
fodiens, N. anomalus, Crocidura suaveolens, C. leucodon,
Erinaceus rountanicus, et Talpa europaea.
Un grand nombre d'entre eux sont des reservoirs impor-

tants du virus de 1'encephalite transmise par les tiques.
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