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To describe variations in overwintering mounds and nest sizes of the mound-building 
mouse (Mus spicilegus), mounds were measured and excavated in 16 locations in south-
eastern and south-western Slovakia in autumn and/or winter between 2002 and 2011. The 
study was carried out in fields where crops had been harvested before the investigations. 
All evaluated mounds were located in agroecosystems with sunflower, maize and wheat 
crops as well as on field margins. Comparisons were made by basis of their dimensions 
(length, width, height, volume, nest depth) and the plant material collected. Data between 
the sampling groups were compared using the Mann-Whitney U test and Kruskal-Wallis H 
test. Spearman’s correlation (rs) was used to examine the relation between mound and nest 
size (dependent variables) and four independent variables (season, geomorphological, soil 
and field types). We found habitat and soil-related variation in mound size which also 
diminished by season. Mounds vary in size among geographical populations, i.e. mounds 
from south-eastern Slovakia (basin and lowland) had larger dimensions than those from 
south-western Slovakia (upland). In contrast, we didn’t confirm a correlation between the 
sizes of the mounds and the nests.
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INTRODUCTION

The mound-building mouse, Mus spicilegus Petényi, 1882, represents a 
relatively specialized species, strictly wild and living in a small number of 
habitats away from human settlements (Macholán 1999). A specific ecologi-
cal and ethological feature of M. spicilegus is its grain-hoarding activity. In au-
tumn, groups of several individuals build special mounds in which they store 
the seeds of weeds and cultural crops for the winter and in which they prepare 
subterranean nests (Naumov 1940, Pisareva 1948, Hamar 1960, Mikeš 1971, 
Muntyanu 1990, Unterholzner & Willenig 2000, Čanády et al. 2005, 2009, 
Hölzl et al. 2009, 2011a, b, Szenczi et al. 2011, 2012, Simeonovska-Nikolova et 
al. 2014). These mounds have several functions, such as food storage and/or 
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thermoregulation. However, knowledge and opinions on the morphology of 
the mounds, their significance and construction, have changed over time, and 
at present many questions are inadequately answered.

The first important knowledge on the beginning and end of construction, 
dimensions, nesting location, burrow system and plant composition of the 
mounds came from Ukraine (Naumov 1940, Pisareva 1948). Later, Sokolov 
et al. (1990) summarized older literature and reported new data from Ukraine 
and Moldova. Similarly, Zagorodnyuk and Berezovský (1994) also referred 
to the occurrence and above-ground dimensions of these mounds in Ukraine.

From 1948-1964 Mikeš (1971), working in Vojvodina (then Yugoslavia, 
today Serbia), thoroughly examined not only the selected aspects of species 
ecology but also paid great attention to the structure of the winter reservoirs, 
the underground system of burrows and their nesting chambers.

Further data from Romania (Hamar 1960), Austria (Festetics 1961, Un-
terholzner & Willenig 2000, Hölzl et al. 2009, 2011a, b), Moldova (Muntyanu 
1990, Simeonovska-Nikolova et al. 2014), Bulgaria (Simeonovska-Nikolova et 
al. 2014) and Hungary (Bihari 2004, 2007, Szenczi et al. 2011, 2012) also con-
firmed previous observations on mound morphology.

On the basis of the presence of typical winter mounds, several authors 
(Krištofík & Danko 2003a, b, Mašán & Stanko 2005, Čanády et al. 2005, 2007, 
2009, Hölzl et al. 2009, 2011a, b, Várfalvyová et al. 2010, 2011) have reported 
on the occurrence of M. spicilegus in Slovakia.

All of the above-cited studies showed that in most cases, the mounds 
were found on field margins, boundaries, roadsides and wastelands, that is, 
in places where the weeds (Setaria verticillata, Atriplex tatarica, Amaranthus 
spp., Chenopodium spp. etc.) were abundant, as well as in weedy fields of per-
ennial grasses. As has been noted by the cited authors, mounds inhabited by 
M. spicilegus are usually relatively large, in most cases oval and more rarely 
cone-shaped structures. The mounds represent an accumulation of seeds, 
spikes and other kinds of plant materials, covered with earth. Cultural seeds 
(sunflowers, corns, wheat) are listed less frequently (e.g. Mikeš 1971, Sokolov 
et al. 1990). Construction of mounds occurs from mid-August to mid-Novem-
ber, with peak construction in mid- to late-September after seed maturation 
of forage plants and the cessation of breeding (Sokolov et al. 1990, 1998, Un-
terholzner & Willenig 2000, Čanády et al. 2005, 2009). Sokolov et al. (1990) 
consider stable settlement of the same habitat under current agricultural con-
ditions to be not possible, because intensive crop harvesting and ploughing of 
the stubble force the rodents to migrate and to concentrate in certain habitats. 
In this respect, there are currently very few natural steppes, and the main plac-
es of survival of M. spicilegus are fields, unploughed areas, windbreaks and 
habitats near roads. According to Naumov (1940), a shifting of the population 
is taking place. In autumn, individuals occur mainly in crop fields. Ploughing 
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destroys most of the mounds, so individuals colonize stands of grass, stubble, 
and areas near roads. During the early sowing of summer crops individuals 
are concentrated in the surrounding ruderal areas, and during the ripening 
of cereals, they move into the fields. In contrast, during the harvest, they are 
dispersed into the surroundings. The total number of mounds in the same 
habitat may also vary considerably depending on the number of weeds in the 
individual areas (Sokolov et al. 1990). Frequent agro-technical interventions 
aimed at destroying weeds may significantly affect the overall abundance of 
mice in the study of habitat type. In general, ploughing in the autumn has 
a negative impact on the survival of the species population (Sokolov et al. 
1990, Muntyanu 1990). Unterholzner and Willenig (2000) studied the set-
tlements of individual sites for mounds in Austria. During a four-year period 
they found the frequency of mounds to vary in different habitats. Neverthe-
less, they confirmed the incidence of M. spicilegus individuals in a particular 
type of habitat being largely dependent on the presence of a wide range of 
grasses and weeds.

The rebuilding of mounds within three to four days following their de-
struction by ploughing has also been observed (Muntyanu 1990, Sokolov et 
al. 1990, Čanády et al. 2009). The mounds vary in size and composition among 
geographical locations (Bihari 2004, 2007, Hölzl et al. 2009, Szenczi et al. 2011, 
2012, Simeonovska-Nikolova et al. 2014), which may be the result of genetic 
variation among mice, environmental differences or both. Comparative ob-
servations in natural and laboratory conditions (Pisareva 1948, Sokolov et al. 
1990, Serra et al. 2011, Hurtado et al. 2013) have shown that the construction 
of a single mound takes from some days to four weeks. Unterholzner & 
Willenig (2000) reported that the collection of M. spicilegus stocks is specific 
for two reasons. The first is to collect and store the stock on the surface of 
the soil along with the soil cover. The second is the collective construction of 
these reservoirs. Serra et al. (2011) found a behavioural differentiation dur-
ing a collective building task under laboratory conditions. They showed that 
from a group of six individuals, only two mice (called carriers) transported 
80% of the building material, whereas the contribution of the remaining mice 
was weak or even non-existent. Similarly, Hurtado et al. (2013) showed that 
the process includes several successive phases. Mainly, the transport and pil-
ing up of different kinds of plant materials coupled with covering the mound 
with earth and digging the galleries. Moreover, laboratory experiments re-
vealed that within a group of individuals, not all individuals were equally in-
volved in the construction of the hills. According to findings, they concluded 
that at least under controlled laboratory conditions, a task-related specializa-
tion occurred during the collective construction of the mound.

The main goal of our study was to describe variation in mound and nest 
morphology and to examine whether different geographical populations 
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(i.e. basin, lowland and upland on a regional level), habitat (i.e. type of field 
crops), soil type (hard and/or soft) and seasonal (autumn and/or winter) dif-
ferences influence the size of the mounds. Considering that the season can 
affect the size of the mounds, we expected to find significant variations in 
mound parameters mainly in relation to seasonal differences. Szenczi et al. 
(2011) and Simeonovska-Nikolova et al. (2014) noted that mound size is cor-
related positively with the number of mice. In contrast, Hölzl et al. (2009) 
showed that mound size is independent of the number of inhabitants within 
the mounds. In this context we expected a positive correlation between the 
size of the mounds and the nests, indicating that more individuals are in-
volved in the construction of larger mounds.

MATERIAL AND METHODS

The mounds, which were located in fields harvested prior to the investigations or 
without agricultural activity, i.e. abandoned fields or field margins and drainage canals 
with ruderal vegetation, were measured and excavated at 16 localities in Slovakia during 
the period 2002–2011 (Table 1). All mounds occurred on stubble and weedy fields grown 
mainly with Solidago gigantea, Artemisia spp., Setaria spp., Stipa spp., Chenopodium spp., and 
Amaranthus spp. etc. The main crops during the vegetation season at the evaluated sites 
were maize, wheat and sunflower. After harvesting of the fields, the mounds were sought 
in these habitats and subsequently were measured, documented and marked to avoid re-
counting. In total 306 mounds were evaluated in a basin, 51 from lowland and finally 19 
from upland. We measured three mound parameters (length, width and height). Then the 
hills were excavated to find the subterranean nest, which were also measured: the nest 
length, i.e. the longer radius; the nest width, i.e. the shorter radius; and its depth under soil 
surface (Čanády et al. 2009).

We also estimated the dominant species of stored seeds and other kinds of different 
plants. The volume of the mounds was calculated using the formula for ellipsoid-base 
cones (1/3*r1*r2*h*π), where r1 is the longer radius, r2 is the shorter radius, and h is the 
height (Szenczi et al. 2011).

All mounds were divided into four groups as independent variables (Table 2): (1) 
the geomorphological type i.e. from different geographical populations: basin (seven sites 
from the Košická kotlina basin), lowland (five sites from the Východoslovenská nížina low-
land) and upland (four sites from the Ipeľská and Hronská pahorkatina upland); (2) sea-
son: autumn and winter; (3) soil type: hard i.e. clay and soft i.e. sandy; and finally (4) field 
type: harvested crops (maize or sunflower), stubble and abandoned fields.

During the excavation of mounds were also capture mound-building mice which were 
housed in the laboratory and then evaluated. The research conformed to the national and 
international requirements for ethical attitude towards animals (see Acknowledgements).

The normality of the dataset was tested using the D’Agostino-Pearson omnibus test 
and the Shapiro-Wilk normality test. The evaluated mound and nest features are expressed 
by range values and means (M) with standard deviation (SD). Spearman’s correlation (rs) 
was used to examine the relationships between mound and nest sizes as dependent vari-
ables and four independent variables. To estimate if there are variations in mound size be-
tween the above-mentioned groups, data were compared using the Mann-Whitney U test 
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and Kruskal-Wallis H tests. All analyses were performed using the statistical analysis sys-
tem GraphPad Prism, version 5.01 (GraphPad Software, Inc., San Diego, California, USA).

RESULTS

Variation in mound and nest morphology was shown in Table 2. In 78 
excavated mounds the reservoir was formed from parts of different plant spe-
cies (Fig. 1). Among them, the most abundant plant species were bristle grass, 
Setaria spp. (L.) P.Beauv (80.8%); mugwort, Artemisia vulgaris L. (2.6%); Euro-
pean goldenrod, Solidago virgaurea L. (2.6%); and tansy, Tanacetum vulgare L. 
(1.3%). In addition, the mice also collected grains of sunflower, Helianthus an-
nuus L. (11.5%) and oat Avena sativa L. (1.3%), which were also recorded in the 
stocks. For 14 nests, it was confirmed that nesting material was formed mainly 
from Setaria spp. (64.3%), Avena sativa (21.4%) and Zea mays (14.3%).

Table 1. Sites used to sample and excavate mounds (n = 376) of Mus spicilegus for mound morphology.
Settlement 
(site)

GPS coordinates Geo 
type

Soil type Season Field type Sample 
size

Belža 48.584N, 21.264E basin clay autumn harvested, stub-
ble, abandoned

20

Bielovce 47.985N, 18.762E upland clay autumn stubble 5

Bočiar 48.586N, 21.234E basin clay autumn stubble 16

Demandice 46.228N, 47.787E upland clay autumn harvested 2

Gbelce 51.599N, 29.049E lowland clay autumn harvested, 
stubble

7

Grajciar 48.597N, 21.264E basin clay autumn, 
winter

abandoned 2

Haniska 48.619N, 21.261E basin clay autumn harvested, 
stubble 

21

Kechnec 48.552N, 21.241E basin clay autumn, 
winter

harvested, stub-
ble, abandoned

208

Kráľovský 
Chlmec

48.416N, 18.016E lowland clay winter stubble 10

Mužla 47.816N, 18.550E upland clay autumn stubble 7

Sokoľany 48.603N, 21.227E basin clay autumn stubble 35

Svätuše 48.400N, 21.917E lowland clay, 
sandy

autumn, 
winter

stubble, aban-
doned

23

Valaliky 48.637N, 21.268E basin clay winter stubble 4

Malé Kosihy 47.932N, 18.768E upland clay autumn stubble 5

Veľký Kamenec 48.370N, 21.825E lowland sandy autumn, 
winter

abandoned 6

Veľký Horeš 48.374N, 21.888E lowland clay autumn abandoned 5

https://en.wikipedia.org/wiki/Mugwort
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Comparisons between geomorphological types

The results showed differences in the mounds and parameters between 
geomorphological types – basin, lowland and upland. In general, the dimen-
sions of the mounds and nests from the basin had statistically higher values 
(Table 2) than those from the upland. In contrast, the differences between the 
mounds from the basin and lowland were not very large and were not statisti-
cally significant. Although statistically significant differences were confirmed 
between mounds from the basin and upland, it should be stressed that there 
was a significant disproportion between the sample sizes that could have af-
fected the result. Correlation coefficients between geomorphological types 
and mound dimensions did not confirm any of the relationships (Table 3).

Comparisons between field types

When comparing the results by field type, differences were again con-
firmed, especially between managed areas (cultivated or harvested field) and 
abandoned areas (Table 2). The dimensions of the mounds had higher values 
in cultivated fields than on abandoned areas, and these differences were sta-
tistically very significant, mainly in the height and volume of the hills. On the 
contrary, the size of the nests and their depths in the soil were not affected. 

Fig. 1. Plant composition by species of mounds (n = 78) of Mus spicilegus
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The weak relationship between height and type of agricultural activity was 
confirmed by correlation analysis (Table 3).

Comparisons between seasons

Different values were also confirmed for mounds measured in autumn 
(September-November) and winter (December–March, Table 2). Although the 
results point to larger dimensions in length and width, they can be mislead-
ing. It should be emphasized that the dimensions presented are values meas-
ured either in autumn or only in winter, and we cannot assess their possible 
reduction due to weather factors. A significant difference in height (and hence 
volume) could be directly affected by these weather factors. As expected, the 
depth of the nest is not affected by the season, since they are built exclusively 
in autumn. However, the size of the nests may be smaller in the winter due to 
the rotting process. However, we did not find any differences (Tables 2 & 3).

Comparisons between areas with different soil types

Soil type was an insignificant factor that affected the dimensions of the 
mounds (Tables 2 & 3), with exception of the depth of the nests. In one case 
the nest was found not under the soil surface but directly in the mound (site 
Kráľovský Chlmec in lowland with clay soil). This may have been related 
to the groundwater level, which may have an impact on nest construction 
made well below the surface. Likewise, sandy soil allows mice to dig the nest 

Table 3. Spearman’s correlation matrix of mound and nest features with seasonal, field, soil and 
geomorphological types. Significant correlations higher than p < 0.01 are in bold type.

Length Width Height Vol-
ume

Nest 
length

Nest 
width

Nest 
depth

Field 
type

Sea-
son

Soil 
type

Width 0.84

Height 0.35 0.40

Volume 0.84 0.87 0.74

Nest length 0.15 0.20 0.09 0.15

Nest width 0.13 0.16 0.06 0.12 0.89

Nest depth 0.05 0.03 0.16 0.06 0.30 0.34

Field type 0.02 0.03 0.22 -0.12 -0.13 -0.21 -0.26

Season 0.13 0.07 -0.18 0.15 0.03 -0.02 -0.01 -0.18

Soil type -0.04 -0.03 -0.06 -0.01 -0.07 -0.09 0.07 -0.14 0.18

Geomor-
phology 
type

-0.14 -0.09 -0.28 -0.10 -0.05 -0.01 -0.17 0.12 0.14 0.33
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and burrows even deeper (60 cm nest depth and burrows up to 70 cm below 
ground at the Veľký Kamenec lowland site). Nevertheless, the sample size 
from soft (sandy) soil was too small to estimate the importance of this factor 
on the building of hills.

DISCUSSION

Several authors have mentioned the selection of habitats by individu-
als of M. spicilegus, with an emphasis on the relative abundance species in 
different habitats (Naumov 1940, Pisareva 1948, Hamar 1960, Mikeš 1971, 
Sokolov et al. 1990, Muntyanu 1990, Simeonovska-Nikolova & Gerasimov 
2000, Unterholzner & Willenig 2000, Hölzl et al. 2009, 2011a, b, Szenczi 
et al. 2011, Simeonovska-Nikolova et al. 2014). Our findings confirmed that 
mound-building mice built their winter hills not only directly in fields but 
also in field margins, windbreaks or drainage canals. These places represent 
abandoned areas where the mice survive and where they are not exposed to 
intensive agricultural activities. However, the dimensions of the hills built 
on these habitat types were smaller than those in the fields. Moreover, these 
habitats are less suitable for the construction of winter reservoirs.

We also found differences in the dimensions of the mounds and nests 
according to different geomorphological type, as well as by different season. 
Simeonovska-Nikolova et al. (2014) showed that the volume of the mounds 
was smaller in the spring in comparison with the autumn, which may be 
due to the subsidence of mounds. This observation was partially in accord-
ance with our findings. Differences in the dimensions of the hills measured 
in autumn and winter were significant, although it should be noted that our 
measurements were not made on the same mounds, and therefore we can-
not confirm their change during the winter. Dimensional changes during the 
winter can be caused either by consumption of the seed reservoir (Sokolov et 
al. 1990) or by the influence of weather, i.e. wind, rain or snow (Simeonovska-
Nikolova et al. 2014). Szenczi et al. (2011) and Simeonovska-Nikolova et al. 
(2014) found a correlation between mound size and mice captured per mound 
and suggested that larger mounds were built by more mice (but see Čanády et 
al. 2009). Our results did not confirm the correlation between the size of hills 
and nests and are in accordance with data obtained by Hölzl et al. (2009), sug-
gesting that mound size is independent of the number of inhabitants within 
the mounds. However, our findings were in agreement with the behavioral 
differentiation of individuals during the collective construction of the mound, 
found by Serra et al. (2011) and Hurtado et al. (2013) should be done as well. 
Moreover, mound height (and not their volume) deteriorate by season and 
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size is dependent on soil type and even agricultural activities altering local 
soil characteristics and may affecting digging in mice.

On the other hand, the amount and type of plant material that mice have 
available for construction may explain the variation among mounds (Hölzl 
et al. 2009). In Slovakia (Čanády et al. 2009, together with results showed in 
this study) the plants used by mice as building materials were similar as those 
observed by other authors (Naumov 1940, Pisareva 1948, Hamar 1960, Mikeš 
1971, Sokolov et al. 1990, Hölzl et al. 2009, Unterholzner & Willenig 2000, 
Szenczi et al. 2011a, Simeonovska-Nikolova et al. 2014). According to Bihari 
(2004), Hölzl et al. (2011), Szenczi et al. (2011) the stored vegetable matter 
does not, or not exclusively, serve as food. Recent studies indicate that the 
mounds might play an insulating role and that the plant fill plays a major role 
in their thermal insulation and waterproofing properties. The construction of 
a mound and nest might help reduce temperature fluctuations (Szenczi et al. 
2012). Nevertheless, our observations of excavated mounds, when we found 
in six mounds also burrows (6.8%) as well as the four dead M. spicilegus speci-
mens (18 December 2010, Kechnec) directly in the food reservoir, confirmed 
that the reservoir also plays the role of a food source. The thermoregulatory 
function of the mounds is also questionable. During the search for the nesting 
chambers many nests were placed very eccentrically, and in many cases the 
nest was not even found at a greater depth under the hillocks. If we assume 
that the nesting chamber was most likely placed not directly under the mound 
or more than 30cm underground (n = 14), then the insulating function does 
not have any effect on the nest itself. It is also worth mentioning that one nest 
was found directly within a reservoir, i.e. 13 cm above the soil surface and 10 
cm under the top of the mound (26 March 2010, Kechnec). Putting the nests 
within the reservoir (1.1%, n = 1) or close to the soil surface (1.1%, n = 1) were 
also associated with a higher level of groundwater. The one nest were found 
in lowland habitats (Východoslovenská nížina) where ground water table is 
close to surface but second was found on locality from Košická kotlina basin.

The present study extends the knowledge about the morphology of the 
mounds, the location and function of the nests of M. spicilegus in Slovakia and 
the factors that influence them. In summary, we found variation in the size of 
the mounds constructed and inhabited by Mus spicilegus. We showed differ-
ences in size among geographical regions and that mounds from south-east-
ern Slovakia (basin and lowland) were larger than those from the south-west-
ern parts (upland). We also confirmed that field type and season influence the 
size of the mounds. In contrast, we did not find any correlation between the 
size of hills and nests. We still do not know how many mice may participate 
in mound-building in nature condition. Therefore, future field studies are 
needed to understand these issues. Moreover, in some regions this species is 
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considered an agricultural pest while in others, the loss of grasslands and ag-
ricultural intensification may cause population declines. Our findings could 
be relevant to various conservation and management actions.
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