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Abstract

Dormice (Gliridae) are hard to detect, as they are small, nocturnal, often arboreal when active and in or on the ground
when hibernating. In Germany, the garden dormouse (Eliomys quercinus) and the edible dormouse (Glis glis) are afforded
special protection by the German Federal Nature Conservation Act, while the hazel dormouse (Muscardinus avellanarius)
is listed in Annex IV of the EU Habitats Directive and therefore strictly protected under the German Federal Nature
Conservation Act. However, information on their exact geographic distribution is still incomplete. Reliable and efficient
monitoring methods are therefore needed. The aim of this study was to compare the detection probability of footprint
tunnels (FTs) and camera traps (CTs), taking potential effects of season into account. To achieve this, 25 FTs and two
CTs were installed across 41 distinct transects and monitored from May until October between 2019 and 2022. CTs and
FTs were installed to detect garden dormice, which might have influenced the performance of detection for the other two
species. All three species could be detected with both methods. In the edible dormouse detection probabilities of both
methods did not differ significantly and ranged around 50% and 70% for CTs and FTs, respectively. For garden dormice
CTs had an almost 12 times higher detection probability than FTs, reaching detection probabilities above 90% in July and
August. Hazel dormice showed an almost 34 times higher detection probability with FTs compared to CTs, with a detec-
tion probability of 95% observed in September. However, the effect of the month was not significant for either of the two
methods in the three species. To survey all three dormouse species at a given site, we recommend using a combination
of both monitoring methods between July and September. For the detection of garden dormice, we recommend to use
CTs during July and August and for hazel dormice FTs in September. Both methods seem to work in edible dormice but
showed only moderate detection probabilities.
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Introduction

Like many small mammals, dormice (Gliridae, rodents)
lead a cryptic lifestyle and are difficult to detect. They are
often arboreal when active and in or on the ground when
hibernating. The hazel dormouse (Muscardinus avella-
narius), the garden dormouse (Eliomys quercinus) and the
edible dormouse (Glis glis) are listed in Appendix III of
the Bern Convention. The hazel dormouse is also listed in
Annex IV of the EU Habitats Directive 92/43/EEC, which
mandates regular monitoring of its geographic distribution
and conservation status. Accordingly, in Germany the hazel
dormouse is strictly protected, the garden dormouse and the
edible dormouse are specially protected under the Federal
Nature Conservation Act.

Historically, the garden dormouse originally ranged from
Portugal to the Urals, but in the last 20 to 30 years, it has dis-
appeared from more than 50% of its former range, mainly in
Central and Eastern Europe, and is now regarded as extinct
in many eastern regions (Bivoleanu et al. 2022; Biichner et
al. 2023; Bertolino et al. 2024; Cichocki et al. 2024). It is
therefore considered to be the fastest declining mammal in
Europe and is currently listed as Vulnerable on the Interna-
tional Union for Conservation of Nature (IUCN) Red List of
Threatened Species (Bertolino et al. 2024).

To understand why a certain species is threatened and
to determine appropriate conservation measures, informa-
tion on its geographical distribution and habitat require-
ments is essential. However, for the three dormouse species
mentioned, knowledge about their geographical distribu-
tion remain incomplete, and a reliable, efficient monitoring
method is therefore needed.

For the hazel dormouse several monitoring methods are
recommended. Searching for gnawed hazel nuts and nests,
checking nest boxes and nest tubes represent the standard
monitoring methods used to detect hazel dormice in Europe
(Bright et al. 1996, 2006; Juskaitis 1997; Chanin and Woods
2003; Biichner et al. 2009; Chanin and Gubert 2011). Nest
tubes are today a preferred method because they are much
cheaper and easier to install than nest boxes (Chanin and
Woods 2003; Bright et al. 2006; Melcore et al. 2020). For
this, either an area is equipped with about 20 nest tubes
per hectare in a grid pattern, or they are set every 20 m
along linear habitats such as hedgerows. Monitoring occurs
monthly from May to October, and both direct observation
of a dormouse and the presence of its characteristic nest
within a tube are considered reliable records (Chanin and
Woods 2003).

Footprint tunnels (FTs) are non-invasive survey tools
used to detect the presence of small mammals by record-
ing their footprints. They consist of a board mounted with
a thick paper within a tube and two ink pads located at both
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ends of the tube. Animals that walk over these ink pads
leave their species-specific footprints on the paper, reveal-
ing the local wildlife. FTs have been proposed to detect and
monitor dormice (Haag and Tester 2016; Mills et al. 2016).
Previous studies have systematically compared the detec-
tion probabilities of nest boxes, nest tubes and FTs for all
three species in an alpine habitat (Melcore et al. 2020), and
for the hazel dormouse in England (Bullion et al. 2021).
These studies suggested that FTs have a higher detection
probability compared to nest tubes or boxes in all three spe-
cies. Garden dormice were detected exclusively via FTs, but
not by the other two methods (Melcore et al. 2020).

Nest boxes and nest tubes rely on dormice selecting them
as nesting sites, with detection based on direct observation
or identification of species-specific nests. In contrast, FTs
record species-specific footprints left in the tunnel by indi-
viduals passing through it. Therefore, a single pass through
a FT can confirm a species’ presence, which may explain the
higher detection probability of this method. In addition to
their high detection probability, FTs are comparatively inex-
pensive, allowing large areas to be surveyed, which makes
them suitable for monitoring species that occur at low popu-
lation densities. However, the deployment of the FTs is time
consuming, the ink pads need to be topped up regularly, and
training is required to identify footprints of the different spe-
cies, especially when prints are numerous or overlapping.
Thus, for this method to be used in citizen science projects,
it must be closely supported and supervised by experts. In
the future automated footprint recognition by Al, could fur-
ther enhance their feasibility not only for citizen science
monitoring (Biichner et al. 2023; Sheard et al. 2024).

The detection of small mammals by using camera traps
(CT) raises several challenges. Due to their fast movements
and small body size, they may not trigger the sensors of the
CT or depending on the reaction time of the specific camera,
the picture is taken after the animal has passed. Often, small
mammals do not have distinct features, which makes them
difficult to identify by pictures. Optimally, for the identifi-
cation of small mammals they need to be photographed in
close range and have to be in focus, not obscured by vegeta-
tion. To optimize detection probabilities of small mammals,
high-resolution CTs can be attached to tunnels, boxes, or
put into containers like buckets, with bait located in front
of the lens, where the animal is in focus (Soininen et al.
2015; Gracanin et al. 2019; Littlewood et al. 2021; Porter
and Dueser 2024). Despite all these challenges and with the
help of these improvements, the utilization of camera trap-
ping has proven effective for non-invasive small mammal
surveys (e.g. Kelly 2008; De Bondi et al. 2010; Glen et al.
2013; Rendall et al. 2014). Additionally, the three dormouse
species studied here have distinctive features that make
them identifiable, even from partial images (e.g. of the tail
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or head), without the need for expert analysis. Studies moni-
toring small and arboreal mammals showed they can poten-
tially be detected by using CTs (Di Cerbo and Biancardi
2013; Mills et al. 2016; Mori et al. 2020; Randler and Kalb
2021; Biichner et al. 2023; Queckenstedt et al. 2024). CTs
are easy to install and can also yield records and informa-
tion on other wildlife species, making them well suited for
citizen science projects. However, their relatively high cost
limits the number of sites that can be monitored simultane-
ously, which may be problematic for species occurring in
low population densities, such as the hazel dormouse.

The aim of this study was to compare the detection prob-
abilities of FTs and CTs for edible dormice, garden dormice
and hazel dormice in forest habitats, considering seasonal
effects on the detection probability. To this end, we monitored
transects in Germany between 2019 and 2022, where FTs and
CTs were deployed simultaneously in areas with confirmed
presence of either species. However, the study was conducted
as part of a national biodiversity project “In Search of the
Garden Dormouse” (Biichner et al. 2023). Therefore, CTs
and FTs were set with a focus to detect garden dormice.

Materials and methods

Study species

Edible dormouse

The arboreal edible dormouse (Glis glis) is with 100 to

230 g the largest of the three dormouse species studied here
and can be easily distinguished from the other two species
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Fig. 1 Pictures taken with a wildlife camera of a the edible dormouse
(Glis glis), which can be identified by its bushy tail, b garden dor-
mouse (Eliomys quercinus), identified by its characteristic face mask
and short haired black tail with a white terminal tassel (sources: Rieke

by their grey fur and bushy tail (Fig. 1a). In Central Europe,
it preferentially occurs in deciduous mixed forests domi-
nated by the European beech (Fagus sylvatica), where it
can reach population densities of up to 30 Ind/ha (Schlund
2005c¢). Edible dormice have an extremely long hibernation
period of at least 8 months (Fietz et al. 2020). In Germany
adult edible dormice hibernate from mid-September until
the end of May, whereas juveniles can be active until the
end of October. Due to their long hibernation period, the
surveying window in edible dormice is shorter than in the
other two dormouse species of this study. Reproduction
is synchronized with the masting pattern of beeches and
oaks (Quercus spp.), and edible dormice skip reproduction
in years of mast failure and may extend their hibernation
period by up to 11 months (Ruf et al. 2006; Hoelzl et al.
2015). Males emerge from hibernation about two weeks
before the females, and mating takes place shortly after
females become active (Fietz et al. 2020). In Germany,
females give birth to one litter per year with about 5 (up
to 11) juveniles that are weaned after 30 days (Vietinghoff-
Riesch 1960). Edible dormice are foraging mainly in tree
crowns and bushes. In adults the print of the front paw is up
to 15 mm long and 10 mm wide and the drop-shaped pads
are arranged in a circle looking like a suction pad. Also, the
pads of the hind paw are arranged in a circle (Suppl. Fig. 1).
But not only the shape of the single footprints, also their
pattern on the paper of the FTs is characteristic. Because of
their large body size, compared to the other dormouse spe-
cies, the prints are mostly located at the edges of the long
side of the paper, like two lanes on a road, and the suction
pads with the drop-shaped pads are in most cases easily rec-
ognizable (Suppl. Fig. 2).

Vorderbriigge) and ¢ hazel dormouse (Muscardinus avellanarius),
identified by the short haired tail without a tassel (source: Stefanie
Erhardt)
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Garden dormouse

Garden dormice have a body mass between 60 and 110 g.
Characteristic traits which distinguish the garden dormouse
from the other two species studied here are a black face
mask, relatively large ears and a short haired black tail with
a white terminal tassel (Fig. 1b). One main habitat in Cen-
tral Europe are coniferous mixed forests (Bertolino 2017),
where they forage mainly on the ground and use nesting
sites in ground holes and rock crevices (Bertolino et al. 2003;
Vaterlaus-Schlegel 1998). The species also occurs in urban
areas in some regions. Occurrence and length of the hiber-
nation period depend on the geographical location and the
habitat. In forests in Central Europe, hibernation lasts from
October until April, whereas in the Mediterranean region gar-
den dormice remain active throughout winter (Moreno 1988;
Vaterlaus-Schlegel 1998; Bertolino et al. 2001; Erhardt et al.
2025). Reproduction starts directly after hibernation. Females
give birth after 23 days, with litters averaging 4-6 young,
which are weaned after 34—36 days (Vaterlaus-Schlegel 1998;
(Schlund 2005a). Depending on the habitat, garden dormice
occur in population densities between 2.7 and 5.5 individuals/
ha (Schlund 2005a). Footprints of garden dormice are quite
characteristic and can hardly be confused with footprints of
hazel dormice, which are much smaller and those of an adult
edible dormouse which are larger (Suppl. Fig. 1). In adults,
the print of the front paw is maximally 10 mm long and 9 mm
wide. The front pads of the front paw are close together and
the prints often look like being connected with each other.
The print of the hind paw is 18 mm long. However, the print
of the heel pad is in most cases missing (Suppl. Fig. 1). In the
garden dormouse, the footprints are often spread all over the
paper of the FT, as they seem to enter the FT several times
and turn around inside the tunnel. In most cases, the print of
the front paw can be detected (Suppl. Fig. 2).

Hazel dormouse

The hazel dormouse (Muscardinus avellanarius) has a body
mass of 20 to 40 g. It is the smallest of the three dormouse
species studied and in contrast to the other two species it has
a short haired tail without a tassel (Fig. 1¢) and compared to
Apodemus species shorter ears. It inhabits mixed deciduous
forests with rich understory fractions (Schlund 2005b; Jus-
kaitis and Biichner 2010). In Central and Northern Europe,
the hazel dormouse hibernates from October/November until
April, hibernation is considerably shorter in Mediterranean
habitats (Juskaitis and Biichner 2010). During the active sea-
son, they are mainly arboreal. Population densities are com-
paratively low and reach values of 0.5-3 individuals/ha, in
optimal habitats they can reach 4-10 individuals/ha (Juskaitis
and Biichner 2010). In adults the front paws are smaller than
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10 mm and the inner hind pad of the front paw is missing.
The pads of the front and the hind paw have a triangular shape
and the pads of the toes are often separated, looking like two
prints per toe. The pads of the hind paw are arranged in a
% circle (Suppl. Figs. 1 and 2). In the hazel dormouse, the
prints look very delicate and sometimes there are only very
few prints (2-3) on the paper. If there are multiple prints, they
often form patches when the dormouse enters the FT several
times and turns around inside of the tunnel. The triangular-
shaped pads are usually visible at first glance (Suppl. Fig. 2).

Study sites

Altogether, 41 transects were monitored across Germany
between June and October in the years 2019 to 2022. Of
the these, 39 were located in forest habitats, one on a mixed
meadow-forest area, and one in a quarry (Suppl. Table 1).

Transects and monitoring methods

The study was conducted as part of a national biodiversity
project “In Search of the Garden Dormouse” (Biichner et
al. 2023). Therefore, CTs and FTs were set with a focus to
detect garden dormice.

Transects consisted of 25 FTs (400% 60 x 60 mm). A sus-
pension of charcoal powder in sunflower oil was used as ink.
On each transect, FTs were placed 25 m apart and fixed under-
neath branches of shrubs or trees at 0.7 to 1.5 m above ground
(for details see Haag and Tester 2016; Mills et al. 2016). In
addition, wildlife cameras (DTC550, MINOX GmbH, Ger-
many) were installed at the beginning and end of each tran-
sect in 25 m from the last FT at the same height (for details
see Mills et al. 2016). We used a cotton cloth (100 x 100 mm)
soaked with pumpkin seed or walnut oil as a bait, which was
fixed at 1-4 m from the camera. Cameras were programmed
to take three pictures in a row followed by a refractory period
of 60 s. Ink pads of FTs were replenished after 2 weeks of
exposure and paper replaced if needed because of humidity
or gnaw marks. CTs and FTs of the transects were checked
for photos and footprints after 34 weeks of exposure. In
transects that were monitored for several months, FTs were
replaced in 2 m distance at the beginning of each month.
Dormice are known to use scent marks on frequently used
trails. By replacing FTs, we wanted to avoid an increase of the
detection frequency due to the use of scent trails.

Statistical analyses

Only transects where the presence of the respective species
was confirmed at least once were included, so that detec-
tion probabilities could be compared between CTs and FTs
conditional on the species being present. For 9 transects the
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presence of the garden dormouse was verified and each tran-
sect was checked 5 times. The edible dormouse was known
to be present at 21 transects (17 transects were checked
once, two transects were checked 5 times, two transects
twice). The hazel dormouse was present on 19 transects (13
transects were checked once, 4 transects were checked 5
times, one transect 4 times, one transect twice).

Data for CTs and FTs was aggregated for each month on
a transect level. Thus, the number of FTs with footprints or
the number of records taken with both cameras were not
considered in our analyses. Detection probabilities of the
two methods were analysed with binomial GLMMs with
a logit link function separately for all three species, taking
possible effects of month (3 to 5 levels) and method (2 lev-
els: CT and FT) into account. The detection probabilities
of the two methods for each species were also compared
separately among months using a GLMM. For all models
transect ID was included as random factor. Models were
checked for under- and overdispersion using “DHARMa”
(Hartig 2024).

Mixed-effects models were implemented using “lme4”
(Bates et al. 2015). The Tukey test was used for post-hoc
comparisons between months.

Model predictions were obtained from the GLMM as
estimated marginal means (EMMs) with 95% confidence
intervals (CI) using “emmeans” (Lenth 2021). Estimates
were back-transformed to the probability scale (type =
“response”) and visualized using “ggplot2” (Wickham
2011). Statistical significance was defined as p<0.05.
Significance levels are indicated as follows: * p<0.05,
**p<0.01, *¥** p<0.001, ns: p=>0.1.

Statistical analyses were performed in R (R Develope-
ment Core Team 2020) with the graphical User Interface R
Studio (Posit team 2025).

Results
Edible dormouse

The edible dormouse could be recorded with both monitor-
ing methods between July and September. As only two tran-
sects were surveyed in June and October and any dormice
could be detected, these two months were omitted from the
final analysis.

Detection probabilities ranged between 50.0% (CI: 19.0—
81.1%) and 52.5% (CI: 22.2-81.0%) for CTs and between
68.5% (CI: 32.9-90.6%) and 70.6% (CI: 36.2-91.0%) for
FTs (Suppl. Table 2). Detection probabilities did not signifi-
cantly differ among the two monitoring methods (GLMM:
p>0.2; Table 1; Fig. 2) and among months (Tukey post-hoc
test: p>0.7, Fig. 4).

Table1 Resultsofthegeneralizedlinearmodel(record ~month +method
+(1IDyransect)s family = “binomial”), explaining the effect of month and
method (CT and FT) on the detection probability in edible dormice
(nobservations:547 n1ransects:21; Dobservations® number of methods x number
of sampling occasions x number of transects). Reference level is the

monthy ., methodg

Estimate  Std. Error  z D Sign.
Intercept 0.876 0.735 1.19 0.23 ns
Month g5 -0.097 0.887 -0.11 0.91 ns
Monthgepiemper ~ -0-013 0.830 -0.02 099 ns
Methodr -0.777 0.639 -1.21 022 ns

Garden dormouse

Garden dormice could be recorded with both methods
between June and September. In October, they could not
be detected with either method. We therefore restricted the
comparative analyses to the months June until September.

Overall, the detection probability with CTs was nearly
12 times higher than with FTs (GLMM, p<0.001; Table 2;
Fig. 3). Detection probability with CTs was highest in July
and August with a predicted detection probability of 92.7%
(CI: 73.5-98.3%) and 90.1% (CIL: 67.8-97.5%), respec-
tively (Suppl. Table 3).

Detection probability with FTs was also highest in July
and August with 51.7% (CI: 24.6-77.9%) and 43.2% (CI:
19.0-71.2%; Suppl. Table 3), respectively. For both meth-
ods detection probabilities did not differ significantly among
months (Tukey post-hoc test: p>0.4).

Hazel dormouse

The hazel dormouse could be detected with both meth-
ods. However, with FTs hazel dormice could be detected
within a longer time frame than with CTs and FTs had also
a 34 times higher predicted detection probability than CTs
(GLMM, p<0.001; Table 3; Fig. 4).

With FTs hazel dormice could be detected between June
and October, with detection probabilities ranging between
19.4% (CI: 1.7-76.7%) in June and 94.8% (CI: 64.2-99.5%)
in September (Fig. 4).

With CTs hazel dormice could only be detected between
August and October with predicted detection probabili-
ties ranging between 5.5% (CI: 0.8-30.9%) in August and
34.9% (CI: 10.7-70.6%) in September (Suppl. Table 4).

Discussion
The present study was conducted as part of the national bio-

diversity project “In Search of the Garden Dormouse”. CTs
and FTs were set with a focus to primarily detect garden

@ Springer
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Fig. 2 Predicted detection probabilities with 95% Cls for edible dormice (Glis glis) per month with camera traps (black circles) and footprint tun-

nels (white circles), number of transects checked are given

Table2 Resultsofthegeneralizedlinearmodel(record ~month+method
+(1IDyransect)s family = “binomial”), explaining the effect of month and
method (CT and FT) on the detection probability in garden dormice
(nobservations:72’ ntransectszg; Nobservations* number of methods x number
of sampling occasions x number of transects). Reference level is the

monthy,.., methodg

Estimate  Std. Error  z D Sign.
Intercept -2.208 0.745 -2.96 <0.01 *x
Monthy,, 2.276 0.892 2.55 0.01 *
Month g g5 1.936 0.869 2.23 0.02 *
Monthgeyiemper ~ 0-648 0.813 0.80 0.43 ns
Methodp 2.248 0.644 3.85 <0.001  H**

dormice. In this study we, for the first time, systematically
compared the detection probabilities of FTs and CTs for
garden dormice, edible dormice and hazel dormice, tak-
ing seasonal variations into account. Because of their small
size, nocturnality, and predominantly arboreal activity, dor-
mice lead a cryptic lifestyle and can be difficult to detect.
Consequently, suitable and efficient monitoring methods
are required. Previous studies have shown that FTs have a
higher detection probability than nest tubes or nest boxes for
all three dormouse species investigated in this study (Mel-
core et al. 2020; Bullion et al. 2021). However, all three
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dormouse species can potentially also be detected with CTs
(Di Cerbo and Biancardi 2013; Mori et al. 2020; Randler and
Kalb 2021; Biichner et al. 2023; Queckenstedt et al. 2024).

Edible dormouse

Edible dormice could not be detected in June and October
with either of the two methods. This short time frame can
be explained by their long hibernation period. In Germany,
edible dormice emerge during June and adults start hiberna-
tion in September, whereas juveniles can be active until the
end of October (Fietz et al. 2020). Thus, in edible dormice
the survey window is shorter than in the other two dormouse
species.

In our study, both methods showed only moderate detec-
tion probabilities for edible dormice ranging between 50.0
and 52.5% for CTs and 68.5 and 70.6% for FTs. Detection
probabilities with FTs of this study are comparable to values
found in the study by Melcore et al. (2020) with 52%. This
suggests that the setting of the FT with the aim to detect
garden dormice, did not influence the detection rate. As also
CTs were directed to places where garden dormice can be
expected, the detection rate of the CT for edible dormice
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Fig. 3 Predicted detection probabilities with 95% Cls for garden dormice (Eliomys quercinus) per month with camera traps (black circles) and

footprint tunnels (white circles), number of transects checked are given

Table 3 Results of the generalized linear mixed effects model (record
~month+method+(1|ID,,peect)» family = “binomial”), explaining the
effect of month and method (CT and FT) on the detection probability
in hazel dormice (nnbscrvationS:787 ntranscclszlg; Nobservations number of
methods x number of sampling occasions x number of transects). Ref-

erence level is the monthy, ., methodgr

Estimate  Std. Error  z p Sign.
Intercept -1.422 1.332 -1.07  0.29 ns
Monthyy, 2.116 1.561 136 0.18 ns
Month g 1.999 1.528 1.31 0.19 ns
Monthgepemper ~ 4-336 1.748 248  <0.01 ok
monthggper 2.653 1.600 1.66  0.10 ns
Methodp -3.537 1.030 -3.43  <0.001  ***

might be underestimated. However, as we used aromatic
oil as bait, we assume that this should not play a major
role. Both methods work for the species, however, acous-
tic surveys using the typical squeaks and churring calls of
edible dormice (Hoodless and Morris 1993; Rodolfi 1994,
Jurczyszyn 1995) may be a better choice for mapping the
species on a larger scale. Adamik et al. (2019) could show,
that the acoustic survey carried out from July to September
represents an efficient mapping tool, which could also be
conducted by citizen scientists.

Garden dormouse

As Melcore et al. (2020) highlighted, garden dormice are
generally detected with FTs but not with nest tubes or
boxes. The systematic comparison of the detection prob-
abilities of FTs and CTs for garden dormice revealed,
that CTs had an almost 12 times higher detection prob-
ability than FTs. Detection probabilities reached values
above 90% in July and August. Garden dormice have a
characteristic tail and a face mask, which make this spe-
cies easy to identify in pictures even if only part of the
body is visible. Thus, in forest habitats for garden dor-
mice the method of choice seems to be the use of CTs
set out at the end of summer baited with an aromatic oil
for about 4 weeks. In contrast to our findings in forests,
garden dormice could not be detected with FTs in urban
areas (Nava et al. unpublished data). However, systematic
acoustic surveys, using the characteristic calls of the gar-
den dormouse, were shown to work well in urban areas
(Nava et al. 2024) but did not work in the forest, where
dormice hardly call (Erhardt pers. observation). Thus, the
method of choice depends on the habitat, which was not
investigated in this study.
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Fig. 4 Predicted detection prob-
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Footprints of garden dormice are quite characteristic.
However, footprints of garden dormice can potentially be
confused with footprints of juvenile edible dormice. Edible
dormice are born from the end of July until the beginning
of August and become independent at the end of August or
early September with an age of four weeks. Thus, as long
as the FTs are set out in August, the chance to confuse their
footprints with those of juvenile edible dormice is negli-
gible, as they are not weaned at this time of the year (Fietz
et al. 2009). Furthermore, edible dormice synchronize their
reproduction with the seed production of beeches and oaks.
Thus, in years of mast failure no edible dormouse juveniles
are born (Ruf et al. 2006).

Hazel dormouse

In previous studies it has already been shown, that FTs have
a ten times higher detection probability than nest tubes or
nest boxes for different habitats such as hedge, forest and
bushes (Bullion et al. 2021) or in the Italian Alps (Melcore
et al. 2020). In our study, we further showed that FTs have
a 34 times higher detection probability than CTs. With the
latter hazel dormice could only be detected during part of
their activity period and with comparatively low detec-
tion probabilities. Footprints of hazel dormice are distinc-
tive. Therefore, with some experience and knowledge, their
footprints cannot be confused with those of other dormice
or small mammal species. In contrast to the detection with
CTs, hazel dormice could be detected with FTs from June
until October reaching the highest detection probability
in September (95%). Even though the monthly detection

@ Springer

probabilities did not vary significantly, the high probability
of detecting hazel dormice in September can be explained
by their reproduction cycle which has a second peak dur-
ing this time and therefore population densities are highest
(Juskaitis and Biichner 2010). As already mentioned above,
the CTs were directed to places where garden dormice can
be expected. This likely reduced the chance to detect hazel
dormice which forage in dense vegetation and use small
branches for traveling (Juskaitis and Biichner 2010). How-
ever, high detection probabilities of 95% during September
do not support this apprehension. Furthermore, setting the
CTs into dense vegetation where the probability of encoun-
tering hazel dormice should be higher, would probably lead
to low quality pictures where the dormouse cannot be iden-
tified. Multiple false releases of the CT caused by moving
branches in the wind may produce thousands of pictures,
which is extremely time consuming in the analysis. Because
of their small body size, the quality of the picture has to be
good for reliable proof. To achieve standardized high-qual-
ity pictures of small mammals in general and to avoid false
triggering by moving vegetation, the setup of the CT can be
modified. Of the three species investigated here, hazel dor-
mice have the lowest population densities varying between
0.5 and 3 individual/ha (Juskaitis and Biichner 2010) and
using only two cameras could be not enough for a species
with such low population densities. Despite the high detec-
tion probability of hazel dormice with FTs, as shown by the
present and previous studies (Bullion et al. 2021; Melcore
et al. 2020), the method is unfortunately not yet recognized
as a standard method and not commonly used in the context
for survey and monitoring purposes.
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Camera traps

This technique is non-invasive and does not require
investment of a great deal of time on the part of the sur-
veyor. In addition, it provides relatively unambiguous,
permanent records for species that are difficult to observe
(pers. observation). CTs represent therefore a suitable
monitoring method also for citizen science projects. How-
ever, equipment failure and user error can pose significant
challenges, and initial expense limits the number of spots
that can be monitored (Cutler and Swann 1999; Silveira et
al. 2003). This is problematic for species occurring in low
densities such as the hazel dormouse. In most countries
of the European Union, the use of cameras in public areas
is restricted and national laws may limit or prohibit the
use of wildlife cameras in these areas or lead to the need
for permissions and the installation of a warning sign.
Another disadvantage is the number of pictures taken by
the camera. Depending on where the CT is installed, you
may get huge numbers of false detections and pictures
caused by moving vegetation, moving shadows or pre-
cipitation. The analysis of these pictures is time intensive,
however, in the future the invested time could potentially
be reduced by the use of Al, trained to recognize certain
species (Kissling et al. 2024). To make the use of CTs
more efficient, we suggest using aromatic oil as bait, as
we did in our study.

Footprint tunnels

In contrast to CTs, FTs are comparatively cheap and you can
therefore potentially equip a large area with them. Although
you need to ask the landowner for permission to install them,
you do not require official approval due to privacy concerns
or for capturing wild animals. However, the mounting of the
FTs is time consuming, and you need time and training to
analyze and identify the footprints of the different species.
Therefore, this method cannot easily be applied in citizen
science projects. Furthermore, footprints may be difficult to
identify, if they are numerous and overlapping. This is par-
ticularly a problem in years of high population densities in
mice. In these instances, you could reduce the time exposed
of the FTs and increase the frequency of checking the FTs
and install them in the vegetation, where the number of mice
is lower than on the ground. Another problem may occur
when under dry and hot conditions the charcoal-oil mixture
loses its capacity as ink pad more quickly. A time-consum-
ing substitution in the field could be the consequence.

Thus, both methods have advantages and disadvantages,
and the method of choice depends on the species, season,
and other conditions, such as habitat and if the study is con-
ducted by experts or by citizen scientists.

When focusing on the detection of hazel dormice, in our
view the use of FTs seems to represent the most efficient
and effective method compared to other monitoring meth-
ods investigated so far and supports the results of previous
studies (Bullion et al. 2021; Melcore et al. 2020). Highest
detection probabilities occurred at the end of the summer
when population density has increased due to the appear-
ance of weaned juveniles. In contrast, CTs represent the
method of choice for garden dormice, having the highest
detection probabilities in July and August. There was no dif-
ference in the detection probabilities of the two methods for
edible dormice with only moderate detection probabilities.

The study shows that the efficiency of the different moni-
toring methods varies among the three species investigated.
We therefore suggest using a combination of both monitor-
ing methods between July and September, if you aim to
monitor all three dormouse species at a certain spot.
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Acknowledgements We owe many volunteers a big thank you for all
their hard work in the field and for putting up with the numerous black
spots when using the FTs. Special thanks to Stefanie Jessolat for her
support and to Rieke Vorderbriigge for the pictures.

Author contributions JF designed the study, collected and analysed
the data and wrote the manuscript. SB, SBii and JL designed the study
and collected data. FL and SE collected data and prepared the figures.
TFEN, HB, UW, EK, AG, AK, JS, SS, CT-B collected data. All authors
reviewed the manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. The project was funded by the Federal Agency for Nature Con-
servation with funds from the Federal Ministry for the Environment,
Nature Conservation, Nuclear Safety and Consumer Protection in the
Federal Biological Diversity Program (NBS: FKZ: 3517685A10-
3517685110).

Data availability The dataset used in the current study is available
from the corresponding author on request.

Declarations

Consent for publication All authors have read, commented on and ap-
proved the manuscript.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended

@ Springer


https://doi.org/10.1007/s10344-026-02088-6
https://doi.org/10.1007/s10344-026-02088-6

57 Page 10 of 11

European Journal of Wildlife Research (2026) 72:57

use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

Adamik P, Polednik L, Polednikova K, Romportl D (2019) Mapping
an elusive arboreal rodent: Combining nocturnal acoustic surveys
and citizen science data extends the known distribution of the
edible dormouse (Glis glis) in the Czech Republic. Mamm Biol
99:12-18. https://doi.org/10.1016/j.mambio.2019.09.011

Bates D, Maechler M, Bolker B, Walker S (2015) Fitting linear mixed-
effects models using Ime4. J Stat Softw 67(1):1-48. https://doi.or
2/10.18637/jss.v067.101

Bertolino S (2017) Distribution and status of the declining garden dor-
mouse Eliomys quercinus. Mamm Rev 47(2):133-147. https://do
i.org/10.1111/mam.12087

Bertolino S, Viano C, Currado I (2001) Population dynamics, breeding
patterns and spatial use of the garden dormouse (Eliomys querci-
nus) in an Alpine habitat. J Zool 253(4):513-521. https://doi.org/
10.1017/50952836901000474

Bertolino S, Cordero N, Currado I (2003) Home ranges and habitat use
of the garden dormouse (Eliomys quercinus) in a mountain habitat
in summer. Acta Zool Academiae Scientiarum Hung 49(1):11-18

Bertolino S, Meinig H, Lang J, Biichner S (2024) Eliomys quer-
cinus. The TUCN Red List of Threatened Species 2024:
e.T7618A3139783

Bivoleanu R, Chisamera G, Zaharia R, Cobzaru I, Sevianu E, Gavril
V, Stanciu C, Murariu D (2022) Distribution data of the dormice
species in Romania: a review. Paper presented at the ARPHA
Conference Abstracts

Bright PW, Morris PA, Mitchell-Jones AJ (1996) A new survey of the
Dormouse Muscardinus avellanarius in Britain, 1993-4. Mamm
Rev 26(4):189-195. https://doi.org/10.1111/j.1365-2907.1996.tb
00153.x

Bright P, Morris P, Mitchell-Jones T (2006) The dormouse conserva-
tion handbook, Second edn. English Nature

Biichner S, Kretschmar C, Paul A, Walz R (2009) Die Grof3e Nussjagd
in Sachsen—Auf der Suche nach der Haselmaus. Natur und Land-
schaft 84(7):328-333

Biichner S, Lang J, Meinig H, Nava T, Zistl K, von Thaden A, Nowak
C, Reiners T, Briinner H, Langer F, Andersen A, Friedel U, Gier-
mann A, Kasch E, Klocke M, Krug A, Kupfer J, Molich T, Schmid
H, Nowack C (2023) The Garden Dormouse as a Research and
Conservation Priority in a German Large-Scale Citizen Science
Project. Acta Zool Bulg Suppl 19:1-8

Bullion S, Burrough K, Chanin P, Langton S, Looser A (2021) Detect-
ing hazel dormice Muscardinus avellanarius with nest tubes and
tracking tunnels: maximising the probability of success. Mammal
Commun 7:38-46

Chanin P, Gubert L (2011) Surveying hazel dormice (Muscardinus
avellanarius) with tubes and boxes: a comparison. Mammal
Notes 4(6):1-6

Chanin P, Woods MJ (2003) Surveying dormice using nest tubes:
results and experiences from the South West Dormouse Project.
English Nature, Peterborough

Cichocki J, Wazna A, Klimaszewski K, Sobczuk M, Suchecka A,
Wojtowicz B (2024) Historical Distribution of the Garden Dor-
mouse Eliomys quercinus (Linnaeus, 1766)(Rodentia: Gliridae)
in Poland. Acta Zool Bulg. Suppl 19

Cutler TL, Swann DE (1999) Using remote photography in wildlife
ecology: a review. Wildl Soc Bull 27:571-581

@ Springer

De Bondi N, White JG, Stevens M, Cooke R (2010) A comparison
of the effectiveness of camera trapping and live trapping for
sampling terrestrial small-mammal communities. Wildl Res
37(6):456-465

R Developement Core Team (2020) R: A language and environment
for statistical computing. R Foundation for Statistical Computing.
Vienna, Austria. Retrieved from https://www.R-project.org/

Di Cerbo AR, Biancardi CM (2013) Monitoring small and arboreal
mammals by camera traps: effectiveness and applications. Acta
Theriol 58(3):279-283

Erhardt S, Forschler MI, Fietz J (2025) Reduced Body Mass in a
Highly Insectivorous Mammal, the Garden Dormouse—Ecologi-
cal Consequences of Insect Decline? Ecol Evol 15(4):¢71340

Fietz J, Kager T, Schauer S (2009) Is energy supply the trigger for
reproductive activity in male edible dormice (Glis glis)? J Comp
Physiol B 179(7):829-837. https://doi.org/10.1007/s00360-009-0
364-2

Fietz J, Langer F, Schlund W (2020) They like it cold, but only in
winter: Climate-mediated effects on a hibernator. Funct Ecol
34(10):2098-21009. https://doi.org/10.1111/1365-2435.13630

Glen AS, Cockburn S, Nichols M, Ekanayake J, Warburton B (2013)
Optimising camera traps for monitoring small mammals. PLoS
ONE 8(6):67940. https://doi.org/10.1371/journal.pone.0067940

Gracanin A, Gracanin V, Mikac KM (2019) The selfie trap: A novel
camera trap design for accurate small mammal identification.
Ecol Manag Restor 20(2):156—158

Haag L, Tester R (2016) Tracking tubes to detect dormice—a case study
from Switzerland. Dormouse Monit Summer 2016:6-9

Hartig F (2024) DHARMa: Residual Diagnostics for Hierarchical
(Multi-Level / Mixed) Regression Models. CRAN: contributed
packages

Hoelzl F, Bieber C, Cornils J, Gerritsmann H, Stalder G, Walzer C,
Ruf T (2015) How to spend the summer? Free-living dormice
(Glis glis) can hibernate for 11 months in non-reproductive years.
J Comp Physiol B 185(8):931-939. https://doi.org/10.1007/s003
60-015-0929-1

Hoodless A, Morris PA (1993) An estimate of population density of the
fat dormice (Glis glis). ] Zool 230:337-340

Jurczyszyn M (1995) Population density of Myoxus glis (L.) in some
forest biotops. Hystrix Italian J] Mammalogy 6:1-2

Juskaitis R, Biichner S (2010) Die Haselmaus, vol 670. Westarp Wis-
senschaften, Hohenwarsleben

Juskaitis R (1997) Use of nestboxes by the common dormouse (Mus-
cardinus avellanarius L.) in Lithuania. Natura Croatica: Periodi-
cum Musei Historiae Naturalis Croatici 6(2):177—-188

Kelly MJ (2008) Design, evaluate, refine: camera trap studies for elu-
sive species. Anim Conserv 11:182—184. https://doi.org/10.1111/j
.1469-1795.2008.00179.x

Kissling WD, Evans JC, Zilber R, Breeze TD, Shinneman S, Schneider
LC, Chalmers C, Fergus P, Wich S, Geelen LH (2024) Develop-
ment of a cost-efficient automated wildlife camera network in a
European Natura 2000 site. Basic Appl Ecol 79:141-152

Lenth RV (2021) emmeans: Estimated Marginal Means, aka Least-
Squares Means. (Version Package Version 1.6.0) [Computer
Software]

Littlewood NA, Hancock MH, Newey S, Shackelford G, Toney R
(2021) Use of a novel camera trapping approach to measure
small mammal responses to peatland restoration. Eur J Wildl Res
67(1):12

Melcore I, Ferrari G, Bertolino S (2020) Footprint tunnels are effective
for detecting dormouse species. Mamm Rev 50(3):226-230. http
s://doi.org/10.1111/mam.12199

Mills CA, Godley BJ, Hodgson DJ (2016) Take only photographs,
leave only footprints: novel applications of non-invasive survey
methods for rapid detection of small, arboreal animals. PLoS
ONE 11(1):e0146142


https://www.R-project.org/
https://doi.org/10.1007/s00360-009-0364-2
https://doi.org/10.1007/s00360-009-0364-2
https://doi.org/10.1111/1365-2435.13630
https://doi.org/10.1371/journal.pone.0067940
https://doi.org/10.1007/s00360-015-0929-1
https://doi.org/10.1007/s00360-015-0929-1
https://doi.org/10.1111/j.1469-1795.2008.00179.x
https://doi.org/10.1111/j.1469-1795.2008.00179.x
https://doi.org/10.1111/mam.12199
https://doi.org/10.1111/mam.12199
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.mambio.2019.09.011
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1111/mam.12087
https://doi.org/10.1111/mam.12087
https://doi.org/10.1017/S0952836901000474
https://doi.org/10.1017/S0952836901000474
https://doi.org/10.1111/j.1365-2907.1996.tb00153.x
https://doi.org/10.1111/j.1365-2907.1996.tb00153.x

European Journal of Wildlife Research (2026) 72:57

Page 11 0of 11 57

Moreno S (1988) Reproduction of Garden Dormouse Eliomys querci-
nus lusitanicus in Southwest Spain. Mammalia 52(3):401-408. h
ttps://doi.org/10.1515/mamm-1988-0310

Mori E, Sangiovanni G, Corlatti L (2020) Gimme shelter: The effect
of rocks and moonlight on occupancy and activity pattern of an
endangered rodent, the garden dormouse Eliomys quercinus.
Behav Process 170:103999. https://doi.org/10.1016/j.beproc.20
19.103999

Nava TF, Burn PJ, Biichner S, Meinig HU, Lang J (2024) Give me a
call! The Characteristic Sounds of the Garden Dormouse Eliomys
quercinus (Linnaeus, 1766)(Rodentia: Gliridae) Used as a Detec-
tion Method in an Urban Habitat in Germany. Acta Zool Bulg
Suppl 19:107-113

Porter JH, Dueser RD (2024) A Low-Cost Small-Mammal Camera Trap
for Research and Education. Bull Ecol Soc Am 105(3):¢02142. h
ttps://doi.org/10.1002/bes2.2142

Posit team (2025). RStudio: Integrated Development Environment for
R. Posit Software, PBC, Boston, MA. Retrieved from http://ww
Ww.posit.co/

Queckenstedt HH, Ansorge H, BUND-Landesverbénde, Lang J, Biich-
ner S (2024) Diel Activity Patterns of Garden Dormice Eliomys
quercinus (Linnaeus, 1766)(Rodentia: Gliridae) Assessed by
Camera Trap Data. Acta Zool Bulg Suppl 19:1-7

Randler C, Kalb N (2021) Circadian activity of the fat dormouse Glis
glis measured with camera traps at bait stations. Mammal Res
66(4):657—661. https://doi.org/10.1007/s13364-021-00583-6

Rendall AR, Sutherland DR, Cooke R, White J (2014) Camera trap-
ping: a contemporary approach to monitoring invasive rodents in
high conservation priority ecosystems. PLoS ONE 9(3):e86592.
https://doi.org/10.1371/journal.pone.0086592

Rodolfi G (1994) Dormice Glis glis activity and hazelnut consump-
tion. Acta Theriol 39(2):215-220

Ruf T, Fietz J, Schlund W, Bieber C (2006) High survival in poor years:
Life history tactics adapted to mast seeding in the edible dor-
mouse. Ecology 87(2):372-381. https://doi.org/10.1890/05-0672

Schlund W (2005a) Gartenschlédfer Eliomys quercinus (Linnaeus,
1766). In: Braun M, Dieterlen F (eds) Die Sdugetiere Baden-
Wiirttembergs, vol 2. Ulmer GmbH & Co, Stuttgart, pp
191-198

Schlund W (2005b) Haselmaus Muscardinus avellanarius (Lin-
naeus, 1758). In: Braun M, Dieterlen F (eds) Die Sdugetiere
Baden-Wiirttembergs, vol 2. Ulmer GmbH & Co, Stuttgart, pp
211-218

Schlund W (2005¢) Siebenschldfer Glis glis (Linnaeus, 1766). In:
Braun M, Dieterlen F (eds) Die Sdugetiere Baden-Wiirttembergs,
vol 2. Ulmer GmbH & Co, Stuttgart, pp 199-210

Sheard JK, Adriaens T, Bowler DE, Biiermann A, Callaghan CT,
Camprasse ECM, Chowdhury S, Engel T, Finch EA, von Gonner
J, Hsing P-Y, Mikula P, Rachel Oh RY, Peters B, Phartyal SS,
Pocock MJO, Wildchen J, Bonn A (2024) Emerging technolo-
gies in citizen science and potential for insect monitoring. Philos
Trans R Soc B Biol Sci 379(1904). https://doi.org/10.1098/rstb.
2023.0106

Silveira L, Jacomo AT, Diniz-Filho JAF (2003) Camera trap, line tran-
sect census and track surveys: a comparative evaluation. Biol
Conserv 114(3):351-355. https://doi.org/10.1016/S0006-3207(0
3)00063-6

Soininen EM, Jensvoll I, Killengreen ST, Ims RA (2015) Under the
snow: a new camera trap opens the white box of subnivean ecol-
ogy. Remote Sens Ecol Conserv 1(1):29-38

Vaterlaus-Schlegel C (1998) Der Gartenschléfer (Eliomys quercinus
L.). Okologie, Populationsstruktur und die Verbreitung in der
Schweiz. PhD, University of Basel, Basel

Vietinghoff-Riesch A (1960) Der Siebenschléfer (Glis glis L), vol XIV.
Gustav Fischer, Jena

Wickham H (2011) ggplot2. WIREs Comput Stat 3(2):180-185

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1098/rstb.2023.0106
https://doi.org/10.1098/rstb.2023.0106
https://doi.org/10.1016/S0006-3207(03)00063-6
https://doi.org/10.1016/S0006-3207(03)00063-6
https://doi.org/10.1515/mamm-1988-0310
https://doi.org/10.1515/mamm-1988-0310
https://doi.org/10.1016/j.beproc.2019.103999
https://doi.org/10.1016/j.beproc.2019.103999
https://doi.org/10.1002/bes2.2142
https://doi.org/10.1002/bes2.2142
http://www.posit.co/
http://www.posit.co/
https://doi.org/10.1007/s13364-021-00583-6
https://doi.org/10.1371/journal.pone.0086592
https://doi.org/10.1371/journal.pone.0086592
https://doi.org/10.1890/05-0672

	﻿How to detect dormice: a comparison of footprint tunnels and camera traps as monitoring methods
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study species
	﻿Edible dormouse
	﻿Garden dormouse
	﻿Hazel dormouse


	﻿Study sites
	﻿Transects and monitoring methods
	﻿Statistical analyses
	﻿Results


