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A preliminary survey on nest cavity use by Siberian flying squirrels,
Pteromys volans orii, in forests of Hokkaido Island, Japan
Nami Kadoya, Kazunobu Iguchi, Masaki Matsui, Takumi Okahira, Ami Kato,
Tatsuo Oshida & Yoshihiro Hayashi
ABSTRACT. Pteromys volans orii, which is an endemic subspecies to Hokkaido Island, Japan, is arboreal
and usually nests in cavities in trunks. To broadly understand what nest cavity is selected by P. volans orii
in mountainous areas, we preliminary surveyed cavity resources in natural forests of Hokkaido. All nest
cavities were on live-trees. Most of them were naturally formed after branches fall from the tree. These
findings seem to be specific to Hokkaido population. Longest diameter of nest cavities was significantly
shorter than that of unused cavities. This suggests that P. volans orii may select cavities with smaller
entrances to avoid predators. The nest tree species most frequently used by this subspecies was Abies
sachalinensis, which is most dominant in mountainous forests of Hokkaido. A. sachalinensis would provide
abundant nest resources for P. volans orii.
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Ïðåäâàðèòåëüíîå èññëåäîâàíèå ãíåçäîâûõ ïîëîñòåé,
èñïîëüçóåìûõ ëåòÿãîé, Pteromys volans orii, â ëåñàõ îñòðîâà
Õîêêàéäî, ßïîíèÿ
Í. Êàäîÿ, Ê. Èãó÷è, Ì. Ìàòñóè, Ò. Îêàõèðà, À. Êàòî, Ò. Îøèäà & É. Õàÿøè
ÐÅÇÞÌÅ. Pteromys volans orii, ýíäåìè÷íûé ïîäâèä äëÿ îñòðîâà Õîêêàéäî, ßïîíèÿ, äðåâåñíîå
æèâîòíîå, îáû÷íî äåëàþùåå ãíåçäà â ïîëîñòÿõ ñòâîëîâ äåðåâüåâ. Äëÿ òîãî ÷òîáû ïîíÿòü, êàêèå
ïîëîñòè âûáèðàþòñÿ P. volans orii â ãîðíûõ ðàéîíàõ, ìû ïðîâåëè ïðåäâàðèòåëüíîå èññëåäîâàíèå
ðåñóðñîâ ïîëîñòåé â åñòåñòâåííûõ ëåñàõ Õîêêàéäî. Âñå ãíåçäîâûå ïîëîñòè áûëè îáíàðóæåíû â
æèâûõ äåðåâüÿõ. Áîëüøèíñòâî èç íèõ îáðàçîâàëîñü ïîñëå îòïàäåíèÿ âåòâåé. Ýòè îñîáåííîñòè
õàðàêòåðíû äëÿ ïîïóëÿöèè Õîêêàéäî. Íàèáîëüøèé äèàìåòð ãíåçäîâûõ ïîëîñòåé áûë çíà÷èìî
ìåíüøå, ÷åì íåçàñåëåííûõ ïîëîñòåé. Ýòî ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî P. volans orii ìîæåò âûáèðàòü ïîëîñòè ñ íåáîëüøèìè âõîäíûìè îòâåðñòèÿìè äëÿ çàùèòû îò õèùíèêîâ. Äåðåâî, êîòîðîå
íàèáîëåå ÷àñòî èñïîëüçîâàëîñü ýòèì ïîäâèäîì äëÿ ãíåçä  Abies sachalinensis, äîìèíèðóþùèé âèä
ãîðíûõ ëåñîâ Õîêêàéäî. A. sachalinensis ïðåäîñòàâëÿåò îáèëüíûå ãíåçäîâûå ðåñóðñû äëÿ P. volans orii.
ÊËÞ×ÅÂÛÅ ÑËÎÂÀ: Abies sachalinensis, Acer mono, äðåâåñíûå ìëåêîïèòàþùèå, ñóáàðêòè÷åñêèå
ñìåøàííûå ëåñà.

Introduction
To understand ecological requirements of arboreal
mammals, it is important to identify nest resources.
These include tree species within which an arboreal
animal nests, size of nests required, and origin of the
nests, whether naturally formed or constructed by arboreal mammal or by another species. In the forests of
North America, northern flying squirrels (Glaucomys
sabrinus) prefer larger trees for nests (Cotton & Parker,
2000; Menzel et al., 2004; Meyer et al., 2005), as does

the southern flying squirrel, G. volans (Holloway &
Malcolm, 2007). In central Ontario, Canada, G. volans
uses hollows within American beech (Fagus grandifolia) for nesting (Holloway & Malcolm, 2007). Glaucomys sabrinus selectively uses trembling aspen (Populus tremuloides), white birch (Betula papyrifera), and
yellow birch (B. alleghaniensis) in central Ontario (Holloway & Malcolm, 2007) and P. tremuloides in British
Columbia, Canada (Martin et al., 2004).
We undertook a preliminary assessment of the nest
requirements of the Siberian flying squirrel Pteromys
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Figure 1. Map of study area (University Forest in Hokkaido, The University of Tokyo in Furano, Japan) covered with the
sub-arctic mixed forest, showing 11 areas (closed circles) surveyed for trees with cavities nested in or not used by Pteromys
volans orii.

volans orii on Hokkaido Island, Japan. Pteromys volans is widely distributed from northern Finland east to
Chukotka of Russia; south to the eastern Baltic shore
and across the southern Ural Mountains and Altai Mountains of Russia to Mongolia, northern China, Korea,
Sakhalin Island of Russia, and Hokkaido Island of
Japan (Nowak, 1991; Wilson & Reeder, 2005). This
species is arboreal and inhabits the boreal evergreen
forests of the Eurasian Continent (e.g., Nowak, 1991).
Pteromys volans orii, a subspecies endemic to Hokkaido Island, is common from lowland to mountainous
areas (Abe et al., 2005). The vegetation of Hokkaidos
natural forests mainly consists of Abies sachalinensis,
Picea jezoensis, Quercus mongolica, Betula spp., and
Tilia japonica (Tatewaki, 1958; Horikawa, 1972; Okitsu, 2002). This is quite different from forests of northern Eurasia where P. volans is extensively distributed.
Confined to Hokkaido Island, southern parts of Sakhalin Island, and Kuril Islands (Satake, 1989), Abies sachalinensis is the most abundant tree in Hokkaidos
natural forests. Unlike the forests of northern Eurasia,
several kinds of hardwood trees account for 60% of
vegetation in Hokkaido forests (Okitsu, 2002). In this
unique sub-arctic mixed forest of Hokkaido, P. volans
orii may more frequently nest in abundant trees such as
Abies sachalinensis and hardwoods. Similar to Gla-

comys species (Cotton & Parker, 2000; Holloway &
Malcolm, 2007), P. volans orii may prefer nesting in
larger trees. To examine these conjectures, we surveyed the forests of Hokkaido for nest cavities and use
by P. volans orii.

Study Area
The study was conducted in the University Forest in
Hokkaido, The University of Tokyo, Furano, Japan
(43º10´20´N, 142º20´40´E; Fig. 1). This forest has
an area of 22,849 ha and is covered with natural subarctic mixed-forests. In this forest, the dominant standing crop, which occupies more than 5% of the total, is
Abies sachalinensis (44.75%), Tilia japonica (8.96%),
Acer mono (7.98%), and Picea jezoensis (7.84%)
(Yamamoto et al., 1995).

Methods
From May to October 2007, we randomly surveyed
for cavity trees and cavities in trees along paths in 11
different areas of the forest (Fig. 1). We concentrated
on locating cavities <4 m above the ground because it
was difficult and dangerous to check for cavities located higher up the trees. Cavity trees were described by
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Table 1. Mean measurements (SD in parentheses) of cavity trees and nearest trees with diameter at breast height (DBH)
> 20 cm in the sub-arctic mixed forests of Hokkaido, Japan.

Figure 2. Measurements used to describe tree cavities used or not used as
nests by Pteromys volans orii: a  longest diameter, b  shortest diameter,
c  thickness of entrance margin, d  length from entrance to inner wall, e 
depth. Measurements follow Masuda (2003) and Meyer et al. (2005).

species, height, diameter at breast height (DBH), diameter at cavity height (DCH) (Tab. 1), and type (living or
snag). To test if cavities were in the larger trees in the
study area, we followed Meyer et al. (2005) by recording species, height, DBH, and type for the nearest large
tree (>20.0 cm DBH). We also described each cavity in
tree (Tab. 2, Fig. 2), noting how the cavities were made
and whether they were used by P. volans orii. We used

a Mann-Whitney U-test to compare cavity trees to the
nearest tree and to compare cavities used by flying
squirrels with unused cavities.

Results and discussion
We found a total of 41 cavity trees of which 12 were
used by P. volans orii. Each tree had one cavity. All
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Table 2. Mean measurements (SD in parentheses) of cavities in trees of the sub-arctic mixed forests of Hokkaido, Japan,
used (N = 12) as nests or unused (N = 29) by Pteromys volans orii.

* described in Fig. 2.

Table 3. Cavity trees nested in or unused by Pteromys volans orii in the sub-arctic
mixed forests of Hokkaido, Japan.

1
2

Number of cavities found < 4 m above the ground.
Presence of flying squirrel, hairs, or dropping indicated cavity was used as a nest.

nest cavities were on live-trees. Ten nest cavities were
naturally formed after branches fall from the tree. One
nest cavity was made by a woodpecker. One crack-like
nest cavity was the result of freezing during winter.
Measurements of trees and cavities are shown in
Tables 1 and 2, respectively. The DBH of cavity trees
was significantly larger than that of nearest large trees
(z=2.2165, d.f.=1, P<0.05), but tree height was not

(z=0.4840, d.f.=1, P>0.5) (Tab. 2). Trees with nest cavities did not differ from trees with unused cavities in DBH
(z=1.7621, d.f.=1, P>0.05) and height (z=1.3467, d.f.=1,
P>0.05). Nest cavity trees had significantly larger DBH
than nearest large trees (z=2.3382, d.f.=1, P<0.05), but
tree height did not differ (z=0.9241, d.f.=1, P>0.1). Longest diameter of nest cavities was significantly shorter
than that of unused cavities (z=2.6273, d.f.=1, P<0.05).

Nest cavity use by Siberian flying squirrels
The nest tree species most frequently used by P.
volans orii was Abies sachalinensis (Tab. 3). This
finding corresponded to previous studies (Nakano et
al., 1991; Masuda, 2003) conducted in different areas
of Hokkaido during only winter. The fact that Abies
sachalinensis was the most dominant tree species probably contributed to its importance as a nest tree, although it was difficult to perform the statistic analysis
on the numbers of cavities correlated with tree species
dominance, due to insufficient data in number of cavities. Moreover, Acer mono was also frequently used
(Tab. 3). In Finland and Russia, P. volans mainly used
cavities in aspens (Populus tremula) (Hanski et al.,
2000b; Airapetyants & Fokin, 2003). In Ontario, Canada, hardwood trees such as Fagus grandifolia and Populus tremuloides were frequently used by G. volans and
G. sabrinus (Holloway & Malcolm, 2007). Compared
to conifers, hardwoods have a decay processes conclusive to natural cavity formation and woodpecker excavation (McComb & Lindenmayer, 1999). In the subarctic mixed forests of Hokkaido, P. volans orii used
cavities in hardwood trees such as Acer mono. Further
studies should test this is an actual preference or is
merely correlated to cavity tree availability.
The DBH of trees with cavities and nests of P.
volans orii was significantly larger than that of the
nearest large trees (P<0.05). Glaucomys sabrinus preferentially uses larger nest trees (Cotton & Parker, 2000;
Bakker & Hastings, 2002; Menzel et al., 2004; Meyer
et al., 2005), as does G. volans (Meyer et al., 2005;
Holloway & Malcolm, 2007). Therefore, large trees are
important resources for arboreal small mammals in the
sub-boreal regions.
Glaucomys prefers snags to live trees (Taulman,
1999; Meyer et al., 2005), but we found that P. volans
orii nested in only live trees. In Ontario, Canada, Glaucomys (especially G. volans) uses fewer snags and
more live trees than reported for other regions (Holloway & Malcolm, 2007). As older and larger trees have
decay (Parks & Shaw, 1996), older and larger snags
would provide many cavities that could make suitable
nests. Snags, however, may not be always important for
flying squirrels.
Studies on Pteromys volans in Russia, Finland, and
Japan suggest that it tends to use cavities made by
woodpeckers (Hanski et al., 2000a; Hanski et al., 2000b;
Airapetyants & Fokin, 2003; Masuda, 2003). This also
seems to be the case for Glaucomys flying squirrels
(Holloway & Malcolm, 2007). In contrast, we found
only one cavity used by P. volans orii that was made by a
woodpecker. That P. volans orii selected cavities formed
naturally is supported by a study in the natural forest of
northern Hokkaido during winter (Nakano et al., 1991).
Therefore, P. volans orii does not appear dependent on
woodpeckers for the excavation of nest cavities.
In Russia, P. volans preferentially uses smaller cavities to avoid predators (Airapetyants & Fokin, 2003).
Loeb (1993) also suggested that G. volans uses cavities
with small entrances because they provide greater protection from predators. The longest diameter of cavities
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used by P. volans orii was significantly smaller than
that of unused ones (Tab. 2), suggesting that P. volans
orii may also select cavities with smaller entrances.
Cavities of G. volans were located at an average
height of 4.57 m above the ground in Michigan and
Massachusetts (Muul, 1968) and 6.36 m in Maryland
(Bendel & Gates, 1987). Glaucomys sabrinus preferentially used artificial nest boxes set further above the
ground (Harestad, 1990). In Estonia, cavities of P.
volans averaged 6.6 m above the ground (Timm &
Kiristaja, 2002). Pteromys volans orii may also prefer
to cavities further from the ground, but we did not
examine cavities over 4 m. Further study on nest cavity
utility of P. volans orii should include analysis of cavity
height.
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