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Abstract

The hazel dormouse, Muscardinus avellanarius is a vulnerable and protected species that is challenging
to study due to its specific way of life. Limited data on its distribution and population parameters are
available for Romania. We collected data regarding species’ biology and ecology in the hilly areas of
central-western Romania, within deciduous forests dominated by oak or beech species. We regularly
monitored 80 wooden nestboxes, which served as shelter and breeding sites for the species, to assess
the seasonal and sex-related variations in nest box usage. The highest occupancy levels were observed
during the autumn, with a smaller peak in the spring. Males occupied more nest boxes than females,
although the difference was not statistically significant. They also travelled greater distances. Most nest
boxes were occupied by a single individual at a time. Recapture rates did not differ significantly between
males and females, and most individuals were recaptured only once. Hazel dormice showed a high level
of site fidelity, often returning to the same nestbox or one nearby. Interestingly, 14% of the females bred
twice a year, which is a lower percentage compared to findings from other studies. Nest box occupancy
rates in this region were also lower than those reported in other areas. However, it is important to note
that these variations may be attributed to differences in methodology. The occupancy rate declined
with the increased presence of the larger species, the fat dormouse Glis glis, which outcompeted the
hazel dormouse.
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Introduction

The hazel or common dormouse Muscardinus avellanarius (Linnaeus, 1758) is a small,
nocturnal, and arboreal rodent. In Romania it is classified as a vulnerable species
(Murariu 2005), and it is protected under the Annex IV of the Habitat Directive.
As a result, monitoring, and reporting on the conservation status of this species is a
legal obligation as stipulated in Articles 11 and 17 of Council Directive 92/43/EEC.

The current conservation status in Romania for the period between 2007 and
2018 is considered favourable, with a stable short-term population trend. However,
this assessment is primarily based on expert opinion due to the very limited data
available (Country Report*). Given that population trends can vary across the species’
range, with declines in some areas and stability in others (Hutterer et al. 2021), it is
crucial to gather field data from different regions and habitat types to detect trends
in conservation status.

Wooden nest boxes, serving as a substitute for tree hollows, have been widely used
in hazel dormouse research. They have been utilized in studies related to distribution,
long-term population monitoring, habitat preference, life cycle, movement,
reproduction, and as a conservation measure (e.g. Morris et al. 1990; Juskaitis 1997;
Juskaitis 2000; Biichner et al. 2003; Duma 2007; Sevianu 2009). The installation of
artificial nest boxes is also recommended as a necessary protection measure for the
species in Romania (Murariu 2005).

In our study, we conducted regular checks of wooden nest box grids to investigate
occupancy as a proxy for population abundance, and we hypothesized that the use
of nest boxes would exhibit seasonal and sexual variations related to the species’ life
in central-western Romania.

Methods

Study area

The study was conducted in four separate sites in the central-western part of Romania,
Hunedoara County (Fig. 1): two sites were situated in the Metaliferi Mountains (C,
D), and the other two (A, B) in Orastie Couloir, a depressionary area that separates
two mountain ranges. All areas were covered in second-growth forests, with trees of
essentially the same species, age, and height. Two sites were dominated by Quercus
species, (A and B) situated at lower altitudes (260-340 m). At site A (45.8462°N;
23.2378°E), dominated by Q. cerris, there were also rare and scattered Prunus avium
and Carpinus betulus. The understory was well-developed (Crataegus monogyna,
Euonymus europaeus, Ligustrum vulgare, young Acer tataricum and A. campestre). Site
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B (45.8675°N; 23.3165°E) was co-dominated by Quercus cerris and Q. petraea, with
Prunus avium being quite frequent, rare Carpinus betulus, Fraxinus excelsior, Malus
sylvestris, and planted Robinia pseudoacacia along the forest edge. The understory
was very poor inside the forest, but well developed near the edge, with Crataegus
monogyna and Rubus cf. fruticosus. The other two sites (C and D) were situated at
slightly higher altitudes (370-420) and dominated by Fagus sylvatica and Carpinus
betulus. At site C (45.9936°N; 23.1518°E) there were also rare Acer campestre and
A. pseudoplatanus, with medium developed understory (Corylus avellana). Site D
(46.0177°N; 23.0998°E) had a weak understory with Cornus mas, Crataegus monogyna
and Acer campestre for the most part, but it was not homogenous and included a
sector planted with Populus tremula, Salix sp. and Robinia pseudoacacia, a small open
area with Rubus cf. fruticosus, and an old, abandoned orchard (Malus domesticus,
Prunus domestica).

Methods

In our study we used 80 wooden dormouse nest boxes, with the design and installation
position proposed for the study of the species (Morris et al. 1990). Each nest box had
dimensions of 14x14x21 cm, an entrance of 3.5 cm, and was positioned 2-2.5 m above
ground, facing the tree trunk. At each site, 20 nest boxes were spaced approximately
25 m apart, in a hollow square grid pattern, with one side relatively close to the forest
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Figure 1. Location of the study sites.
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edge (A - road, pasture; B - pasture; C - river, road; D - orchard, pasture). All 80
nest boxes were installed in April 2018, and their utilization by the hazel dormouse
was monitored during 13 monthly surveys conducted from May to November 2018
and from April to November 2019.

A nest box was considered to be used by the species when at least one individual
was found inside. During these surveys, adult and juvenile dormice found were sexed,
weighed, and individually marked by ear tattoo. After being processed, these dormice
were released in the same nest box.

Our research aimed to assess sexual and seasonal variation in the occupancy of the
nest boxes. Data analysis was performed in Microsoft Excel and using spreadsheets
available online (McDonald 2014). We used Bartlett’s test to assess whether there were
significant differences in the standard deviation between males and females in terms
of individuals and captures. Sexual variation in nest box usage was analysed using
the Welch t-test. We used the exact test of goodness-of-fit to assess the significance
of the deviation from the expected ratio of male-to-female recapture rate and yearly
nest boxes occupancy proportions.

Results

Hazel dormouse was identified at all four study sites, where it used nest boxes from
April to October. On average, 12%+6.4 (SD) of nest boxes were occupied by the hazel
dormouse (range 1.25%-26.25%) during the active season. Considering each site
separately, per month, the highest occupancy rate (50%) was reached in September
2018, at site B. Pooled data over two years showed two distinct peaks in nest boxes
occupancy, a smaller one during June (10.62%+2.12 SE) and a bigger one in September
(21.25%+4.72 SE) (Fig. 2).

In total, we observed 113 different hazel dormouse individuals (adults and
juveniles) in 151 captures. 49 individuals were males, 43 were females, and 21 were
not sexed. Bartlett’s test indicated that there were no significant differences between
males and females’ number of individuals or captures, as the p-value was greater
than 0.05 (p=0.7). Considering all nest boxes checks (N=13), the average number
of individual males (0.94+0.17; range 0-5) and females (0.82+0.17; range 0-7) did
not differ significantly (t-value=0.46, df=103.72, p=0.64, Welch t-test), nor did the
average number of captures (males 1.32+0.21, range 0-8; females 1.17+0.19, range
0-7, t-value=0.53, df=100.61, p=0.59, Welch t-test).

The nest boxes were occupied by the hazel dormouse in a slightly higher
proportion in the first year (average 13.75%) compared to the second year (average
10.17%), with differences between sites (Tab. 1). Three other species of mammals
also occupied the nestboxes during our study: fat dormouse Glis glis, yellow-necked
mouse Apodemus flavicollis, and a bat species, the common pipistrelle Pipistrellus
pipistrellus, with a combined occupancy rate of less than 3%. The proportion of nest
boxes used by those species increased from first to second year (Tab.1). The increase
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Figure 2. Percentage of occupied nest boxes by the hazel dormouse, pooled data (2018-2019) with
standard error bars.

in nest boxes used by fat dormouse and yellow-necked mouse, and the decrease in
occupancy by the hazel dormouse (Fig. 3), were significant only for site D (p<0.05,
exact test of goodness-of-fit).

The number of hazel dormouse individuals found inside a nest box varied between
1 and 5 (females with litter were counted as one individual), and most nest boxes
were occupied by one individual (81.3%), followed by two individuals (16.2%) and
much lower percentages for three or more (0.8%).

During the study, 25 individuals were recaptured (16.5%) 1 to 5 times, 15 males
and 10 females. The difference from the expected ratio of 1:1 was not significant
(p>0.05 exact test of goodness-of-fit). Most individuals (76%, N=19) were recaptured
only once, 8% (N=4) twice and three times, and 4% (N=2) four and five times.

Table 1. Yearly percentages of nest boxes (NB) occupied by different mammal species at each study site.

Site Year % NB hazel dormouse % NB fat dormouse % NB yellow-necked mouse

2018 9.6 0 0

A 2019 12.14 0 2.14
2018 20 0 0

B 2019 135 1.4 1.4
2018 7.3 0 0

¢ 2019 7.14 0 0

b 2018 20.8 2.3 0

2019 7.85 12.14 1.4
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Figure 3. Site D. Dynamic of nest boxes occupancy by different mammal species: hazel dormouse, fat
dormouse, yellow-necked mouse.

32% of the recaptures took place after one hibernation (N=8). More than half
(54%, N=20) of recapture events took place in the same or adjacent nest box, 27%
(N=10), 2 or 3 nest boxes away, 10% (N=4), 4-5 nest boxes away, 5% (N=2) 4 or 5
nest boxes away and only 2% (N=1) of recapture events took place 8 nestboxes away
from the point of first capture. The maximum straight-line distance travelled between
two recaptures was 50 m for females and 145 m for males.

Females with young were found inside nestboxes from May until September,
and the litters consisted of 1-6 young (mean 3.6, N=15). 14% of the females had
two litters per year.

Discussion

In central-western Romania, the hazel dormouse has been mostly reported in the
Retezat Mountains (Csatd 1867; Simionescu and Munteanu 1988; Cobzaru 2006;
Duma 2007; Benedek 2014). It has also been reported near Simeria, where the hazel
dormouse was last identified more than 60 years ago (Ene and Almasan 1956). Our
research confirmed the presence of the species in the depressionary area of the Orastie
Couloir and, to the best of our knowledge, was first noted in the Metaliferi mountains.

The species was identified through monthly nest box checks, from April to
October, confirming the lengths of the active season of the species in Romania.
However, some individuals may have been still active during the first days of
November (Duma 2007; Sevianu 2009). Hazel dormice typically locate and occupy



Nest box occupancy by hazel dormice 361

nest boxes shortly after installation (Sevianu 2009; Juskaitis 2014), provided they are
installed early in the season, before the start of the breeding period, although other
authors have suggested that several months may be required (Bright et al. 1996). At
our study sites, the interval between nest boxes installation and the first observation
of the species varied between one and three months.

Nest box occupancy rate was lowest in early spring, peaked in late spring-early
summer, decreased during the summer, and began to rise again in late summer-early
autumn. Variations in nest box occupancy, even without knowledge of the population
size or the proportion of the population using them, provide an important index for
estimating population abundance and revealing aspects of the species’ biology and
ecology (Juskaitis 2000; Madikiza et al. 2010).

The species did not use the nest boxes to the same extent throughout the entire
active season. Nest boxes were primarily utilized during spring-early summer (June),
and in the autumn (September), showing two peaks in occupancy rate. Similar
patterns, with the spring peak occurring either in May or in June, and the autumn
peak in September or October, were observed in most studies across the species’
range, including in Romania (Sevianu 2009) where the species hibernates during
the winter (review in Juskaitis and Biichner 2013; Juskaitis 2014). The spring peak
in our study fell at the lower end of the interval found in Lithuania (Juskaitis 1997),
and the autumn peak, the result of the occupation of nest boxes by the independent
juveniles born during spring and summer (Juskaitis 2014), had a lower value than in
other areas (e.g. Juskaitis 1997; Juskaitis 2000). These outcomes might not necessarily
reflect real differences in abundance between populations, but might result from
methodological differences, as we did not count the nest boxes with signs of visitation
but not occupied by the species during checks.

The average percentage of nest boxes used by the species during our study varied
between years. Still, long-term studies are required to detect trends in abundance,
which generally show little variation from year to year (Juskaitis 2000). The decrease
in nest boxes use by the hazel dormouse in the second year was mostly driven by
the sharp decrease at site D, where a significant increase in nest boxes occupied by
fat dormouse was registered. At the other three sites, the percentage of nest boxes
occupied by other mammal species was low. Hazel dormouse was outcompeted and
had lower occupancy rates when other mammal species, especially fat dormouse
and yellow-necked mouse, occupied nest boxes in high percentages (Juskaitis 2000;
Sevianu and Filipas 2008; Sevianu 2009). At our study site, such competition could
explain the decrease in nest boxes occupancy by the hazel dormouse in the second
year. The usage of nest boxes by fat dormouse and yellow-necked mouse might have
been even higher than the occupancy detected during this study, as we considered a
nest box occupied only when animals were present at the time of check. When there
was low competition for nestboxes, high rates of occupancy were reached both in
beech and Turkish oak forests. Our results concurred with other studies that detected
no preference for either tree species (review in Juskaitis 2014). Those forests had weak
understorey, and although a well-developed understorey was generally regarded as
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essential for safety and food supply, the species seemed to be able to inhabit various
types of habitats (Juskaitis 2014). More detailed studies are needed to detect the
factors that influence hazel dormouse abundance.

Our results showed that, although the nest boxes were used slightly more by
male hazel dormice than by females, the difference was not statistically significant.
Sex ratio studies among different populations of the species showed that males
outnumbered females to some extent (Juskaitis 2014), and this could be reflected in
the usage of nest boxes.

Hazel dormice used nest boxes for shelter and breeding. In approximately 81%
of the cases, a single individual was found inside the nest box, which is similar to the
results from Lithuania (Juskaitis 1997), but differs from other studies where nest box
sharing was more common (Morris et al. 1990). Most individuals were recaptured
only once (76%), and males and females were equally prone to recapture. Hazel
dormice used multiple nest boxes and natural nests (Morris et al. 1990), which can
explain the fact that less than 20% of the marked individuals were ever recaptured.
Slightly more than half of the recaptures, during subsequent checks or later, occurred
in the same or adjacent nest box, indicating a high site fidelity. Nevertheless, only
21% of the recaptures took place in the same nestbox, meaning that it was unlikely
to recapture an individual in the same nest box, a result similar to observations
from Great Britain (Trout et al. 2017). Males travelled further than females, a result
consistent with other studies (Juskaitis 2014), yet the maximum distance registered
was limited by the arrangement of the nest boxes.

At our study site, 14% of the females gave birth to two litters per year, a percentage
similar to results in Moldova (Lozan 1970 in Juskaitis 2014), but less than in
southwestern Romanian lowlands, which showed 30% of females having two litters
in the same season (Duma 2007). Due to relatively low number of recaptured females
and the fact that some females might give birth in natural nests (Juskaitis 2014), the
percentage may be underestimated. The first litter was born in May-June, and the
second in July-September, consistent with other findings in Romania (Duma 2007)
and Lithuania (Juskaitis 2014). We found one case of a female with confirmed two
litters in 2018 and a new litter in May 2019. Multiple litters per year in hazel dormouse
separate the life cycle of the species from the much larger fat dormouse, which
reproduces only once per year (Krystufek 2010), with almost all births occurring late
in the season, during a four-week period (21* of July-22"® of August) in Romania
(Sevianu 2009). A second litter was found only exceptionally, as a replacement brood
(Holcova-Gazarkova and Adamik 2016). The mean litter size was similar to other
studies, and can vary over the years, but was usually close to 4 (Duma 2007, review
in Ju$kaitis and Biichner 2013).
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Conclusions

Our study indicates that the hazel dormouse may take up to three months to discover
and occupy wooden nest boxes installed as an alternative for tree hollows. The species
predominantly utilized nest boxes during the end of spring-early summer and during
the autumn, and it can be outcompeted by the fat dormouse and the yellow-necked
mouse. Males were more mobile than females and travelled longer distances. Most
nest boxes were occupied by a single individual. Both males and females were equally
likely to be recaptured and showed a high degree of site fidelity, even in subsequent
years, but not necessarily for the same nest box. Our findings suggest that at least
14% of the females gave birth to two litters per year, and some breed annually. The
hazel dormouse seems to inhabit a great variety of habitat types, and not to be strictly
dependent on the presence of a well-developed understorey.

Acknowledgements

We are grateful to I. Coroiu and two anonymous reviewers for their constructive
comments and suggestions that helped to improve the manuscript.

References

Benedek AM (2014) Comunititi de mamifere mici (Ordinele Soricomorpha si Rodentia)
din Transilvania. Editura Universitatii “Lucian Blaga” din Sibiu, 284p. (in Romanian)

Bright P, Morris P, Mitchell-Jones T (1996) The Dormouse Conservation Handbook. Species
Recovery Programme. English Nature, 30p.

Biichner S, Stubbe M, Striese D (2003) Breeding and biological data for the common dormouse
(Muscardinus avellanarius) in eastern Saxony (Germany). Acta Zoologica Academiae
Scientiarum Hungaricae 49(1): 19-26. http://actazool.nhmus.hu/49/S1/buchner.pdf

Calinescu R (1931) Mamiferele Romaniei. Repartitia si problemele lor biogeografice-
economice. Buletinul Ministerului Agriculturii si Domeniilor 251(1): 1-103. (in
Romanian)

Cobzaru I (2006) Contributions to the study of rodents in the Retezat National Park
(Romania). Transylvanian Review of Systematical and Ecological Research 3: 125-138.

Csat6 ] Von (1866-1867) A Retyezat helyviszoni és természetrajzi tekintetben. Erdély Miizeum
Egylet Evkonyve, 4: 75-76.

Duma I (2007) Distribution of Muscardinus avellanarius (Linnaeus, 1758) (Mammalia:
Rodentia: Gliridae) in the south-western Romania with notes on the breeding and biology
of the species. Travaux du Muséum National d’Histoire Naturelle “Grigore Antipa” 50:
395-403.

Ene M, Almésan H (1956) Parsul de alun. Revista Pddurilor 71(7): 449-451. (in Romanian)


http://actazool.nhmus.hu/49/S1/buchner.pdf

364 Sevianu, Bivoleanu & Radac

Holcova-Gazarkova A, Adamik P (2016) Timing of breeding and second litters in fat dormouse
(Glis glis). Folia Zoologica 65: 165-168. https://doi.org/10.25225/f020.v65.i2.a12.2016

Hutterer R, Krystufek B, Yigit N, Mitsainas G, Meinig H, Juskaitis R (2021) Muscardinus
avellanarius (amended version of 2016 assessment). The IUCN Red List of Threatened
Species 2021: e.T13992A197519168. https://dx.doi.org/10.2305/TUCN.UK.2021-1.RLTS.
T13992A197519168.en. Accessed on 17 October 2023

Juskaitis R (1997) Use of nest boxes by the common dormouse (Muscardinus avellanarius L.)
in Lithuania. Natura Croatica (6)2: 177-188. https://hrcak.srce.hr/en/file/337817

Juskaitis R (2000) Abundance dynamics of common dormouse (Muscardinus avellanarius),
fat dormouse (Glis glis) and yellow-necked mouse (Apodemus flavicollis) derived from
nestbox occupation. Folia Theriologica Estonica 5: 42-50. https://www.researchgate.net/
publication/256094042.

Juskaitis R (2014) The Common Dormouse Muscardinus avellanarius: Ecology, Population
Structure and Dynamics. 2™ edition. Nature Research Centre Publisher, Vilnius, 196 pp.

Juskaitis R, Biichner S (2013) The hazel dormouse Muscardinus avellanarius. NBB English
edition, vol 2. Westarp Wissenschaften, Hohenwarsleben, 173 pp.

Krystufek B (2010) Glis glis (Rodentia: Gliridae). Mammalian Species 42(865): 195-206.

Madikiza ZJK, Bertolino S, Baxter RM, Do E, San L (2010) Nest box use by woodland dormice
(Graphiurus murinus): the influence of life cycle and nest box placement. European Journal
of Wildlife Research: 735-743. https://doi.org/10.1007/s10344-010-0369-x

McDonald JH (2014) Handbook of Biological Statistics, 3 Ed. Sparky House Publishing,
Baltimore, Maryland. http://www.biostathandbook.com

Morris PA, Bright PW, Woods D (1990) Use of nestboxes by the Dormouse Muscardinus
avellanarius. Biological Conservation 51: 1-13. https://doi.org/10.1016/0006-3207
(90)90027-M

Murariu D (2005) Mammalia. In: Botnariuc N, Tatole V (Eds) Red Data Book of the vertebrate
from Romania (Cartea Rosie a vertebratelor din Roménia). Bucuresti: 47.

Sevianu E (2009) Ecologia populatiilor de micromamifere din Bazinul Fizesului. Presa
Universitard Clujeand, Cluj-Napoca, 129 pp. (in Romanian)

Sevianu E, Filipas L (2008) Nest boxes occupancy by three coexisting dormouse species and
interspecific competition in the Transylvanian plain (Romania). Studia Universitatis
Babes-Bolyai, Biologia 53(2): 39-50. http://studia.ubbcluj.ro/download/pdf/384.pdf

Simionescu V, Munteanu D (1988) Contributions to the knowledge of the structure of small
mammal populations in the Retezat Mountains. Analele Stiintifice ale Universitatii “Al
L. Cuza’, Tasi I1 34: 77-78.

Trout R, Brooks S, Rudlin P (2017) The advantages of permanent marking, such as
microchipping, during long term monitoring of the common dormouse (Muscardinus
avellanarius). Apodemus 14: 18-25.

*** Country Report: Muscardinus avellanarius Biogeographical species assessments
at Member State level (Romania). https://cdr.eionet.europa.eu/Converters/run_
conversion?file=ro/eu/art17/envxhrpcw/RO_species_reports-20190805-153845.
xml&conv=593&source=remote#1341


https://doi.org/10.25225/fozo.v65.i2.a12.2016
https://dx.doi.org/10.2305/IUCN.UK.2021-1.RLTS.T13992A197519168.en
https://dx.doi.org/10.2305/IUCN.UK.2021-1.RLTS.T13992A197519168.en
https://hrcak.srce.hr/en/file/337817
https://www.researchgate.net/publication/256094042
https://www.researchgate.net/publication/256094042
https://doi.org/10.1007/s10344-010-0369-x
http://www.biostathandbook.com
https://doi.org/10.1016/0006-3207(90)90027-M
https://doi.org/10.1016/0006-3207(90)90027-M
http://studia.ubbcluj.ro/download/pdf/384.pdf
https://cdr.eionet.europa.eu/Converters/run_conversion?file=ro/eu/art17/envxhrpcw/RO_species_reports-20190805-153845.xml&conv=593&source=remote#1341
https://cdr.eionet.europa.eu/Converters/run_conversion?file=ro/eu/art17/envxhrpcw/RO_species_reports-20190805-153845.xml&conv=593&source=remote#1341
https://cdr.eionet.europa.eu/Converters/run_conversion?file=ro/eu/art17/envxhrpcw/RO_species_reports-20190805-153845.xml&conv=593&source=remote#1341

Nest box occupancy by hazel dormice 365

*** Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats
and of wild fauna and flora. https://www.eea.europa.eu/policy-documents/council-
directive-92-43-eec


https://www.eea.europa.eu/policy-documents/council-directive-92-43-eec
https://www.eea.europa.eu/policy-documents/council-directive-92-43-eec

