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Abstract. To investigate the factors that influence resting site preference of the Japanese dormouse 
Glirulus japonicus, we determined the effect of tree resources in a microhabitat on the use of nest boxes 
as daytime resting sites. The study area, which was in Mt. Nagakura National Forest in central Japan, 
was divided into 200 plots. In each plot, a nest box specially designed to harbor dormice was attached 
to the trunk or branch of a tree. All living trees in the microhabitat around nest boxes were recorded and 
categorized into 3 resource types: food, nesting materials, and other resources. We then incorporated a 
generalized linear model to determine how resource types affected the frequency of nest box use by 
dormice. A positive correlation was observed between the frequency of nest box use and abundance  
of trees of lower strata that were used as food resources. On the other hand, the abundance of trees 
categorized as other resources was negatively correlated with the frequency of nest box use. These 
findings suggest that dormouse resting site preference is influenced mainly by the abundance of food 
resources in the microhabitat.
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The Japanese dormouse Glirulus japonicus is an endemic 
mammal categorized as a least concern species in the 
IUCN (2013). This species is distributed across the main-
land of Honshu, Shikoku, Kyusyu, and Oki Islands (Abe 
et al. 2005), inhabiting mainly broad-leaved deciduous 
forests. It is omnivorous, feeding on fruits, insects, bird 
eggs, and other small arboreal animals (Nakajima 2001), 
and spends most of its lifetime on trees (Minato 1986; 
Nakajima 1993). A substantial effort is required for 
behavioral studies on dormice because their nature—soli-
tary, nocturnal, and living at low densities on trees—
makes field observation difficult. To increase the chance 
of encountering dormice in field surveys, researchers 
have used original nest boxes to safely capture the ani-
mals (Nakajima 1993; Minato and Doei 1995; Minato et 
al. 1997; Shibata et al. 2004; Tamaki et al. 2012). How-
ever, knowledge about the life history of this species is 
still limited.

Previous studies have shown that dormice use nest 
boxes as daily resting sites and for rearing pups (Nakajima 
1993; Minato and Doei 1995; Minato 1996; Minato et al. 
1997; Minato et al. 1998; Shibata 2000; Shibata et al. 
2004; Ando 2005). In a radio-tracking study, Shibata et al. 
(2004) demonstrated that the resting sites of Japanese 
dormice were found mostly on trees (72.4%). Among the 
resting sites on trees, nest boxes (22.0%) and tree cavities 
(21.1%) were used equally (Shibata et al. 2004). From 
this observation, Shibata et al. (2004) suggested that nest 
boxes are preferred by dormice as resting sites if avail-
able. Morris et al. (1990) also suggested that nest boxes 
served as an alternative to tree cavities as resting sites, 
which was based on the observation that the common 
dormouse Muscardinus avellanarius had used a nest box 
originally designed for them. The previous studies using 
nest boxes revealed that the Japanese dormouse collects 
nesting materials such as bark, leaves, wood sticks, and 
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bryophytes, and brings these materials into the nest boxes 
(Shimoizumi 1943; Nakajima 1993; Minato et al. 1998; 
Ando 2005). Nest boxes were also used in a study of the 
habitat selection of European glirids (Rodentia: Gliridae), 
such as the common dormouse, and the edible dormouse 
Glis glis (Bright and Morris 1992; Schlund et al. 1997; 
Milazzo et al. 2003; Juškaitis 2008a). These studies have 
shown the usefulness of nest boxes in assessing suitable 
habitat conditions for dormice.

By taking advantage of nest boxes, we aimed in the 
present study to clarify the behavioral patterns relating to 
the resting site selection of Japanese dormice. The behav-
ior of small mammals can be affected by various environ-
mental conditions such as food abundance, predation risk, 
sunlight, microclimate, and so on (Mohammadi 2010). As 
tree resources are not evenly distributed over a habitat, 
the frequency of the use of a resting site may vary accord-
ing to the resource abundance in the microhabitat. Since 
Japanese dormice use various types of tree resources for 
food and shelters, their resting site selection is likely to be 
affected by the abundance of tree resources. On the basis 
of this assumption, we determined whether differences in 
tree resources at the microhabitat scale could affect the 
frequency of nest box use by Japanese dormice as a day-
time resting site.

Materials and methods

Study area
The study was carried out in Mt. Nagakura National 

Forest, Nagano Prefecture, central Japan (36°22’N, 
138°35’E; Fig. 1a). The study area consists of approxi-
mately 3.8 ha of dense deciduous forest, and is domi-
nated by Quercus crispula, Larix kaempferi, and Prunus 
grayana. Common fruit trees are Morus australis, 
Schisandra chinensis, Akebia trifoliate, and Euonymus 
oxyphyllus. Parabenzoin praecox, Lonicera vidalii, and 
Lonicera. maackii are major understory species in the 
area. The ground is mostly covered with bryophytes and 
bracken. To minimize human disturbance in the study 
area, natural vegetation was not artificially managed 
during this study. To evaluate vegetation and to install 
nest boxes at equal intervals, the study area was divided 
into 200 plots, each consisting of a 15 × 15 m square.

Nest box design and handling of dormice
Nest boxes were constructed from 12-mm-thick pine-

wood boards, each with a square entrance (35 × 35 mm) 
that opened on 1 side of the box (Fig. 2). In each plot, a 

nest box was attached to the trunk or branches of a tree 
close to the center of the plot (Fig. 1b). The nest boxes 
were fixed to the tree at a height of 1.0–1.2 m above the 
ground using palm ropes to prevent tree damage. The 
opening of the nest box was placed so that researchers 
could easily see inside the box.

Fig. 1. Location of the study area in Mt. Nagakura National Forest, 
Nagano prefecture (shown in frame), Japan. The study area is indicated 
by a black circle (a). Thin lines are contour lines through the study area 
(b). Each square represents the center of a plot where nest boxes were 
placed. Closed squares indicate nest boxes that were used during the 
first stage survey from 2003 to 2004. All nest boxes (open and closed 
squares) were used in the second stage survey from 2004 to 2005.

Fig. 2. The nest box design showing the (a) opened state and (b) 
closed state.
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Dormice captured in nest boxes were individually 
marked via fur-clipping and ear-clipping (1.5 mm diam-
eter punch hole, KN-292-2 B-2, Ear-notcher, Natsume 
Seisakusho, Japan). Marking by fur-clipping was carried 
out at every capture as the marks disappeared over a 
period of several months. Captured individuals were 
checked for morphological characteristics such as dorsal 
black lines, coat coloration, length of the tail, scars, etc., 
and photographed. They were then weighed to the nearest 
0.1 g, sex and age identified (adult or pup) by measuring 
the anogenital distance (Nakajima 2001), and released 
into the nest boxes from where they had been captured. 
Capturing and handling of dormice at the study site  
was authorized by the Ministry of the Environment of 
Japan (Permission numbers 040420002, 050511001, and 
060522003) and the Agency for Cultural Affairs (No. 
12-41, No. 12-8, and No. 12-7).

Nest box monitoring
To select the trees where nest boxes were installed, we 

carried out the first stage of the survey for 12 months 
from April 2003 to March 2004. One hundred nest boxes 
were installed in the study area (Fig. 1b) and checked 
every 2 weeks for the presence of dormice. The diameter-
at-breast height (DBH) of the trees holding the nest boxes 
was used as an indicator of differences in nest box selec-
tion.

Subsequently, we conducted the second-stage survey 
by using 200 nest boxes to count the frequency of nest 
box use (Fn) by the dormice in each box. On the basis of 
the results from the first stage survey (see results), nest 
boxes were attached to trees with DBH was less than 40 
cm. In this stage, 2 criteria served as evidence of nest box 
use by dormice: (1) when a dormouse was found in the 
nest box, and (2) when nesting materials such as bryo-
phytes and tree bark were found, but no dormice. The nest 
boxes could also have been used by small Japanese field 
mouse Apodemus argenteus. However, their nesting 
materials are distinguishable from those of dormice—A. 
argenteus brings dead or live leaves and nuts to the nest 
box in this study area—and were excluded from our data. 
Therefore, Fn is defined as the sum of the number of dor-
mice captured and the number of observations of nesting 
materials alone in each nest box. Even if a nest box was 
used by 2 or more individuals (sharing or pup- rearing) at 
the same time, this was counted as 1 instance of use of the 
nest box. We monitored the nest boxes 76 times from 
April 2004 to October 2005. Each nest box was checked 
2–4 times per month at intervals of more than a week. At 

each session, all nest boxes were checked for dormice and 
nesting materials. We did not remove nesting materials at 
each session. Instead, we recorded how the materials 
looked with photographs or sketches. A nest box was con-
sidered to have been used again when we found new nest-
ing materials that were added to the preexisting materials. 
All nesting materials in the boxes were finally removed at 
the end of the survey, in November, and identified for 
plant species. Two different kinds of the buildup of 
nesting materials were distinguished: rearing, where 
thinly torn bark was firmly entwined into a sphere, and 
daily resting, where the nest was roughly built and not 
spherical (Nakajima 1993; Shibata 2008).

Microhabitat survey
The microhabitat in a 7.5-m radius around each nest 

box was monitored for plant resources from June to 
August in 2005. To determine the types of resources used 
by dormice in the microhabitat around nest boxes, we 
recorded all living trees (height ≥ 1.2 m or DBH ≥ 3 cm) 
in the entire study area. We categorized the trees accord-
ing to strata and resource types. For strata, we grouped 
the trees into 3 categories: lower layer (L: 5 m > height ≥ 
1.2 m), middle layer (M: 10 m > height ≥ 5 m), and upper 
layer (U: height ≥ 10 m). The trees were further divided 
into 3 groups according to the type of resources used by 
dormice: food (F: trees as food), nesting material (N: 
trees as nesting materials), and other (O: trees used for 
purposes other than F or N) (Table 1). Tree species were 
categorized into the F group based on the published litera-
ture (Minato 2000; Nakajima 2001) and observations of 
dormouse feeding behavior in the first- and second-stage 
surveys. We observed the behavior of dormice by visually 
tracking an individual for 1 night per month from May to 
October in 2003 and 2004. Tree species were categorized 
into the N group based on the observations of nesting 
materials in the boxes in the first- and second-stage sur-
veys. We excluded creepers such as Vitis coignetiae that 
can be both food (fruit) and nesting materials (bark) from 
our analyses because they straddled many plots and there-
fore their effect cannot be analyzed for each single plot.

To study the influence of tree resources in a micro-
habitat on the frequency of nest-box use, we set up 5 
experimental blocks of plots according to Fn. Each  
block consisted of 7 plots that were randomly selected 
from a group of plots with the same Fn. We recorded 
species, tree strata (“L”, “M” or “U”), and resource type 
(“F”, “N” or “O” by Table 1) for all living trees (height ≥ 
1.2 m or DBH ≥ 3 cm) in the 35 microhabitat.
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Data analyses
All statistical tests were performed using the statistical 

package R ver.2.6.2 (R Development Core Team 2008). 
Statistical significance was defined as a 2-tailed probabil-
ity of less than 0.05. Datasets were first checked for 
normality with a Shapiro–Wilk test. Difference in DBH 
between trees with nest boxes that were used (either dor-
mice or their nesting materials were found in the nest 
box) and those that were not used (found empty) were 
tested by the Student’s t-test.

The statistical differences in the recapture rate between 
sexes, different weight classes, and years in the second-
stage survey were determined by the Mann–Whitney 
U-test. Annual dormouse density in the study area was 
estimated according to a method described in previous 
studies (Berg and Berg 1999; Shibata 2008). Since  
the Japanese dormouse usually hibernates from mid-
October to late April in central Japan (Shimoizumi 1943; 
Nakajima 1993; Shibata 2000), we used the capture 
record during the non-hibernation periods of 2004 and 
2005 to calculate the annual dormouse density.

To compare the tree density in a survey plot among the 
different Fn blocks, we used a one-way analysis of vari-
ance (one-way ANOVA). We performed Bartlett’s test  
for homogeneity of variances before ANOVA (Bartlett’s 
K-squared = 1.44, df = 4, P = 0.837). To determine the 
resource factors that affected Fn, we incorporated a gen-
eralized linear model (GLM) with Poisson distribution: 
10 independent variables that represented the abundance 
of different resources in a microhabitat, i.e., a combina-
tion of tree height and resources (L and F (LF), L and N 
(LN), L and O (LO), M and F (MF), M and N (MN), M 
and O (MO), U and F (UF), U and N (UN), and U and O 
(UO)) and both the height and resource type of a tree that 
has a nest box were used in a full model. In addition, 
correlations between these independent variables (except 
both the height and the resource type of a tree holding a 
nest box) were checked by correlation coefficients. The 
model was simplified by a stepwise selection of variables 
using Akaike’s information criteria (AIC; Akaike 1973).

Results

First-stage survey
We captured 27 dormice in nest boxes in a total of 38 

trapping sessions. Among 100 nest boxes, 25 were found 
occupied by dormice. The average DBH of trees holding 
these “used” nest boxes was significantly smaller than 
that of trees holding “unused” nest boxes (Fig. 3; used, 

Table 1. Tree species in the study area and the type of resources they 
provide in 3 categories: food (F: trees as food), nesting material (N: 
trees as nesting materials), and other (O: trees used for purposes other 
than F or N). Tree stratum indicates 3 categories according to height: 
lower layer (L: 5 m > height ≥ 1.2 m), middle layer (M: 10 m > height 
≥ 5 m), and upper layer (U: height ≥ 10 m). Asterisk indicates creepers. 
Superscript lower-case letters of F category indicates previously pub-
lished literature (1: Minato 2000, 2: Nakajima 2001)

Type of resources Species Tree 
stratum

category-F Actinidia arguta U*,2

Akebia trifoliata U*,1

Cornus controversa U
Cornus kokusa L2

Euonymus alatus L2

Euonymus oxyphyllus L
Euonymus siebolbianus M2

Lonicera gracilipes var. glandulosa L
Malus sieboldii M1,2

Morus bombycis U1

Prunus apetala M
Prunus grayana U2

Prunus maximowiczii U1

Prunus sargentii U2

Rubus parvifolius L2

Schisandra chinensis L
Viburnum erosum L2

category-N Lonicera maackii L
Lonicera vidalii L

category-F and N Vitis coignetiae U*1,2

category-O Acer. spp. M, U
Aesculus turbinata U
Alnus hirsuta U
Betula platyphylla var. japonica U
Callicarpa japonica L
Castanea crenata U
Clethra barbinervis U
Corylus sieboldiana L
Helwingia japonica L
Ilex geniculata L
Juglans mandshurica U
Kalopanax pictus U
Larix kaempferi U
Lonicera japonica L
Magnolia kobus U
Magnolia obovata U
Orixa japonica L
Parabenzoin praecox L,  M
Pinus densiflora U
Quercus crispula U
Quercus serrata U
Rubus crataegifolius L
Sambucus sieboldiana L
Sorbus commixta M, U
Staphylea bumalda L
Ulmus davidiana U
Viburnum plicatum M
Zanthoxylum piperitum L
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average ± SD = 33.0 ± 22.8 cm; unused, 51.2 ± 31.0 cm; 
Student’s t-test: T = –2.70, df = 98, P = 0.008). The most 
common tree species holding “used” nest boxes were 
Parabenzoin praecox, Cornus controversa, and Quercus 
crispula (44.0% of “used” nest boxes were attached to 
these 3 species). The most common tree species holding 
“unused” nest boxes were Larix kaempfer, Quercus 
crispula, and Cornus controversa (56.0% of “unused” 
boxes were attached to these 3 species).

Second-stage survey
We recorded 82 captures involving 39 individuals (23 

males and 16 females) in a total of 76 trapping sessions. 
Of these individuals, 13 males and 8 females were cap-
tured more than twice, although the recapture rate did not 
differ significantly between sexes (male: average ± SD = 
1.96 ± 1.15 times, female: 2.31 ± 2.15 times; Mann–
Whitney’s U-test: U = 186.50, P = 0.939). We observed 
that 127 nest boxes were used by dormice. The annual 
dormouse density was 5.92 ± 0.19 individuals/ha (male: 
average ± SD = 3.42 ± 0.37 individuals/ha, female: 2.50 ± 
0.19 individuals/ha).

Fig. 4 shows the monthly change in the numbers of 
dormice and nesting materials found in nest boxes during 
the second-stage survey. The number of observations of 
dormice in nest boxes increased from late spring and 
peaked in early or mid-summer, i.e., August and June in 
2004 and 2005, respectively. The second highest peak in 

the number of dormice observed was seen in October for 
both years. We twice observed pup- rearing in a nest box 
containing nesting material in August 2004. Moreover, 
the proportion of adult dormice observed in nest boxes 
was greater in the month of the first peak (17.07% in 
August 2004 and 17.07% in June 2005) than in that of the 
second peak (12.20% in October 2004 and 15.85% in 
October 2005). There was no significant difference in  
the weight between 2004 and 2005 (2004: n = 37, 19.0 ± 
4.08 [SD] g, 2005: n = 44, 18.8 ± 4.82 [SD] g; Mann–
Whitney’s U-test: U = 842.50, P = 0.929). The average 
weights of dormice during the 2 peaks were 18.5 ± 3.33 
SD g and 18.9 ± 5.95 SD g for the first peak (n = 28, 
August 2004 and June 2005) and second peak (n = 23, 
October 2004 and October 2005), respectively.

Nesting materials in nest boxes were observed from 
June to October in both years. The number of nest boxes 
containing nesting materials increased from late spring to 
mid-summer and autumn (2004: June and October, 2005: 
June and August). They included bryophytes and bark of 
Lonicera maackii, Lonicera vidalii, and Vitis coignetiae. 
These materials were carried to the nest boxes singly or as 
a mix. We observed nesting material collected for rearing 
in a nest box 4 times from June to August in 2004 and 3 
times from June to July in 2005. Neither dormice nor 
nesting materials was observed in the nest box from 
November to the following April—a known period for 
hibernation of dormice in Japan (Shimoizumi 1943; 
Nakajima 1993; Shibata 2000).

Fig. 3. DBH of trees holding nest boxes that were used or unused by 
dormice. The median DBH of trees with used nest boxes was 27.5 cm 
(range, 12.5 to 123.5), the bottom quartile was at 19.5 cm, and the top 
quartile was at 40.0 cm. The median DBH of trees with unused nest 
boxes was 45.5 cm (range, 7.5 to 114.0), the bottom quartile was at 23.0 
cm, and the top quartile was at 75.8 cm. 

Fig. 4. Graph showing the number of dormice captured in nest boxes 
(bar) and the number of nest boxes that contained nesting materials 
(black line) from April 2004 to October 2005. The numbers in paren-
theses after the month indicate the number of inspections in that month.
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Tree resources for dormice
In our study area, 48 plant species were identified 

(proportion of plant species in study area; F = 52.08%,  
N = 4.17%, O = 43.75%). Among the 35 microhabitat 
survey plots, we identified 41 plant species (total number 
of trees = 1407, proportion of trees in all microhabitat 
survey plots, F = 17.06%, N = 2.98%, O = 79.96%). In  
all plots, Parabenzoin praecox, which is categorized 
under the resource type O, was the most dominant  
species, comprising 40.69% of all trees in the study area. 
The dominant species of the F category were Prunus 
grayana (8.50%), Morus bombycis (6.35%), and Cornus 
controversa (3.68%). Lonicera vidalii (4.04%) was domi-
nant among species categorized as a resource for nesting 
materials (N).

There were no significant differences in the number of 
trees in plots of different Fn (Fig. 5; tree average in sur-
vey plots ± SD = 39.2 ± 9.88, 1-way ANOVA: F = 0.08, 
df = 4, P = 0.989). As Fn became larger, there was an 
increase in the proportion of trees of category N (from 
7.69% in Fn block-0 to 25.87% in Fn block-4) and 
category-F (from 0.69% in Fn block-0 to 5.59% in Fn 
block-4). Strong correlations were not found between  
any independent variables (36 correlation coefficients; 
–0.29 < R < 0.37). In the GLM, none of the single vari-
ables was shown to be an influential factor, while LO and 
LF were selected as effective components (Table 2). The 
regression estimate for LO was negative, while it was 
positive for LF.

Discussion

Effect of DBH of holding trees on nest box use
The capture rate of small arboreal mammals by live-

traps is affected by various experimental conditions, such 
as the standing height of the traps above the ground 
(Morris et al. 1990). Madikiza et al. (2010) reported that 
the success rate for trapping the woodland dormouse 
Graphiurus murinus is higher for traps set on trees than 
those on the ground, suggesting that dormice use branches 
and trunks of trees as a moving path. However, little is 
known about the influence of trees that hold nest boxes on 
the capture rate. In the present study, we found that the 
capture rate was higher in nest boxes attached to trees 
with lower DBH. These trees were mostly young decidu-
ous trees such as Quercus crispula and short trees such as 
Parabenzoin praecox, which have many branches. Since 
branches of these trees often extend closer to the entrance 
of a nest box, dormice may use them as moving paths to 
get into the box. Hence, the observed effect of DBH on 
nest box use can be explained by the easier access to nest 
boxes that were attached to thin trees.

Abundance of dormice
The annual density estimate of adult dormice in the 

study area was approximately 5 times higher than the pre-
viously reported local density in a location near our study 
area (1.0–1.2 individuals/ha; Shibata 2008). The two sites 
are very close, only approximately 7–8 km apart, and do 
not differ in vegetation or climatic conditions. Therefore, 
environmental factors cannot account for the difference 
in the density estimate. Furthermore, it should be noted 
that the density data of Shibata’s study (2008) may not 
include the number of sub-adult individuals. On the other 
hand, our estimate was based on the number of both adult 
and sub-adult individuals, which could account for the 
difference in the density.

It is rather likely that the density estimate is affected by 
different trap designs such as plot sizes and trap densities. 
High nest box density increased the capture rate and 

Fig. 5. The total number of trees in each Fn block. Each block con-
sists of 5 plots of the same Fn, which were randomly selected. Bars 
indicate the type of resources for dormice: food (gray bars: trees used 
as food), nesting materials (black bars: trees used as nesting materials), 
and other (white bars: used for purposes other than F and N).

Table 2. Factors affecting Fn (the frequency of use of nest boxes): 
results of generalized linear model (GLM)

Model terms Estimate ± SE Wald statistic df P

LF 0.13 ± 0.04 3.09 1 <0.01
LO –0.03 ± 0.02 –2.07 1 0.04

Residual deviance = 28.29, df = 32, AIC = 110.39.
LF: lower trees as food, LO: lower trees used for purposes other than 
category-F or category-N.
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abundance estimate of the common dormouse (Juškaitis 
2005). For example, a long-term live-trapping study using 
live-traps at high density (placed 10–20 m apart) showed 
that the density of hazel dormice was 3.8–6.7 adult indi-
viduals/ha (52.47 live-traps/ha; Berg and Berg 1999), 
which is comparable to our data. Moreover, Juškaitis 
(2006) pointed out the possibility that population moni-
toring based on a small grid design will overestimate the 
number of individuals. The trap density in our study, 
which were set 200 nest boxes in 3.8 ha study area (52.63 
nest boxes/ha), was much higher than that in Shibata’s 
study (2008, 6.35 nest boxes/ha, 31 ha study area, 197 
nest boxes). The plot size used in the present study was 
approximately 7 times smaller than in Shibata’s study 
(2008). It is likely that the difference in the estimates 
from our data and the previous report (Shibata 2008) was 
mainly caused by different trap designs.

Seasonal variation of nest box use
In the present study, we observed 2 peaks in the fre-

quency of nest box use by dormice during the year. This 
is similar to the results of the previous studies in 2005;  
the number of dormice captured by nest boxes firstly 
increased in the period from late spring to early summer, 
then declined in mid-summer, and increased again during 
the autumn (Shibata 2008). The timing of the first peak 
possibly corresponds to the breeding season of dormice, 
which extends from the end of April to late July (Shibata 
2008). Interestingly, in the initial survey, we observed 
that nest boxes were frequently used by dormice even in 
mid-summer, i.e., August, which was not seen in the pre-
vious study (Shibata 2008). Most individuals captured 
during this period had corpulent testes or external genita-
lia. Moreover, females were rearing pups in nest boxes 
during this period. Nakajima (2001) discussed how the 
increasing number of observations within August of pup-
rearing or puppy in nest boxes was caused by the mating 
behavior participation of the individuals born in early 
spring (May–June). We suspect that the breeding period 
in 2004 was longer than expected.

It is known that the mortality of small arboreal animals 
increases during the breeding season. For example, the 
mortality of edible dormice increases in early summer—
their breeding season—due to high predation and unmet 
energy demands for reproduction (Lebl et al. 2011). In 
Columbian ground squirrels Spermophilus columbianus 
reproducing females had a lower chance of survival than 
non-reproducing females (Neuhaus and Pelletier 2001). 
Minato (2000) reported that Japanese dormice create 

multiple breeding nests for pup- rearing, and often change 
these breeding nests to reduce predation risk. It is likely 
that nest boxes are used more often as alternative resting 
sites (shelters) in the breeding season when dormice are 
faced with an increasing risk of predation. This may 
explain the increase in nest box use at the first peak, 
observed during the breeding season in our study site.

In the present study, the second highest peak of nest 
box use by dormice was in October, which is the last 
period before hibernation; the hibernation period of 
dormice in central Japan usually lasts from mid- or late 
October to the end of April of the next year (Shibata 
2008). It is known that before entering hibernation, adult 
dormice increase their body weight to approximately 
1.5–2.4 times that in the active season (Shibata 2000). For 
example, Shimoizumi (1957) reported that the average 
weight of dormice in the autumn (36.0 g before hiberna-
tion) was heavier than the average weight in the summer 
(21.5 g). Interestingly, Minato (1996) reported that indi-
viduals weighing less than 20.0 g did not go into hiberna-
tion. These studies suggest that increasing body weight is 
crucial for dormice to enter hibernation. However, in the 
present study, the average weight of dormice captured in 
the nest boxes in October did not exceed 20 g, suggesting 
that they were not ready to enter hibernation, such as for 
sub-adult individuals that were born in late autumn. In 
European dormouse species, nest box occupation gener-
ally peaks in autumn (September–October), which is due 
to a significant increase in the number of independent 
juveniles (Kryštufek et al. 2003; Juškaitis 2008b). For 
these species, the nest box may become a good shelter for 
immature or lightweight individuals in autumn before 
they go into hibernation. In the case of the mahogany 
glider, Petaurus gracilis, the heat-insulation effect of  
nest boxes has been suggested based on the observation 
that nest boxes performed better than natural tree dens  
or cavities to keep gliders warm during the day (Isaac  
et al. 2008). Moreover, Madikiza et al. (2010) discussed 
the necessity to investigate the influence of the heat- 
insulation effect of nest boxes in order to understand the 
behavior of woodland dormice in cold autumns. On the 
previous report, it is already appeared that live tree 
cavities (natural resting sites) provide warmer structures 
during cold season for cavity-nesting animals (Coombs  
et al. 2010). Therefore, further studies on the thermo-
physiological effects of nest boxes are needed to clarify 
the resting site selection of the Japanese dormice.

The plant species used as nesting materials have  
been studied previously (Minato and Doei 1995; Doei 
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and Minato 1998; Nakajima 2001; Shibata et al. 2004). 
Minato and Doei (1995) reported that the nesting materi-
als of Japanese dormice were mostly bryophytes and tree 
bark. Further, lichens, dry leaves, and woods sticks were 
sometimes found among the nesting materials. In the pre-
sent study, we observed the same types of nesting materi-
als—bryophytes and bark—as observed in previous 
studies (Minato and Doei 1995; Doei and Minato 1998; 
Nakajima 2001; Shibata et al. 2004). Moreover, the period 
when nesting materials were observed in the present 
study was similar to that reported in a previous study 
(from June to October; Shibata 2008).

Although various types of nesting material are found in 
natural nests and nest boxes, little is known about how 
these materials are used by dormice. Nakajima (1993) 
reported that the Japanese dormouse used nesting materi-
als for pup-rearing but only rarely for daily torpor. He 
suggested that the role of nesting materials in daily torpor 
is not only for heat-insulation but also to cover their body 
or ensure exclusive occupation of their nest, because the 
nesting materials were observed in all seasons. On the 
other hand, he also discussed the possibility that the nest-
ing materials are used as heat-insulation, particularly in 
autumn before hibernation. Our observation that use of 
nesting materials increased in October 2004 seems to 
support this idea and suggests a thermophysiological 
function of nesting materials for dormice, although fur-
ther investigations are needed to confirm this.

Influence of microhabitat on the use of nest boxes
The GLM showed that the frequency of nest box use 

was positively correlated with the number of LF trees 
around a nest box. On the other hand, the negative regres-
sion estimates observed for LO indicated that the fre-
quency of nest box use increased as the number of such 
trees decreased. This indicates that Japanese dormice 
favor nest boxes installed in microhabitats with abundant 
LF but scarce LO.

LF trees provide major food resources for dormice, 
such as pollen, fruits, bark, and petals (Minato et al. 
1997). For example, Prunus jamasakura, one of the most 
common species in the LF category, flowers from the end 
of March to the middle of April (Hayashi 1985) and has 
petals and nectar that are eaten by dormice (Nakajima 
2001). Their fruits, which ripen in May or June (Minato 
2000; Nakajima 2001), are also consumed by dormice. 
Morus bombycis, another dominant species of the LF 
category, produces black or red, sweet, soft fruit in July 
(Hayashi 1985), which is preferentially eaten by the dor-

mouse (Minato 2000). In addition, we frequently observed 
dormice eating the fruit of Cornus controversa, which is 
a dominant species of the LF category in September and 
October. Such seasonal changes in the abundance of 
flowering and fruiting LF trees may account for the ob-
served increasing pattern of nest box use in the breeding 
season and before hibernation (Fig. 4). It is known that 
Japanese dormice have seasonal variation in food habits; 
they feed on flowers, pollen, immature cherries, and 
sprouts in the spring; insects and bark in the summer;  
and seeds and berries in the autumn (Iwabuchi et al. 
2008). Therefore, some tree species can become different 
resources according to the season. Such a seasonal shift  
in the resource types of each tree species was not con-
sidered in the present study, which should be clarified  
in further investigations.

The negative regression of LO trees may be attributed 
to the dominancy of Parabenzoin praecox among this 
category. We observed very few herbaceous plants in the 
blocks that were occupied mainly by this species. It is 
therefore likely that this species exerts suppressive effects 
on the growth of forest floor plants, and consequently 
increases the openness of the area, which would raise the 
predation risk for dormice. However, such a possibility 
remains to be clarified in further investigations.

The GLM results also showed that the abundance of 
the category N tree species had little effect on the fre-
quency of nest box use, suggesting that the availability of 
nesting materials in a microhabitat is not a determining 
factor for nest box selection. To support this idea, it is 
known that Japanese dormice carried little or no nesting 
materials during daily torpor with the exception of mate-
rials used for breeding purposes (Nakajima 1993; Shibata 
et al. 2004). Further, Japanese dormice have been 
observed bringing nesting materials from a remote site 
that was 100 m away from the nest box (Nakajima 2001). 
Similarly, the common dormouse is known to bring artifi-
cial material over long distances (Zaytseva 2006). These 
studies indicate that dormice do not necessarily use 
category-N trees in the close vicinity of their nest sites.

It should be mentioned that we did not take into account 
the influence of the abundance of insects in the micro-
habitat study. It is known that the Japanese dormouse is 
omnivorous and feeds on insects (Minato 1986). Indeed, 
in the study area we observed a dormouse feeding on 
insects, notably, bees and moths. However, it was difficult 
to quantify the insect resources in a microhabitat. Further 
analytical studies, such as using stable isotopes, are 
required to assess the diet of dormice and to determine the 
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influence of insect resources on their habitat selection.
Nest boxes have been used as a versatile tool to moni-

tor the abundance and behavior of arboreal animals, 
although little is known about the environmental factors 
that influence the capture rate. The present study demon-
strated for the first time that the frequency of use of nest 
boxes—in other words, the capture rate—varies mark-
edly according to the types of resources around the nest 
boxes. This finding will be used to raise the capture rate 
of nest boxes in future studies on dormice and other 
arboreal mammals.
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