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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. 4. sachalinensis would provide
abundant nest resources for P. volans orii.
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MNMpeaBaputenbHoe UccregoBaHWe rHe3foBbIX MOSIOCTEN,
ucnonb3yemMbiX neTtarou, Pteromys volans orii, B necax octpoBa
Xokkango, AnoHus

H. Kapos, K. Uryumn, M. Matcyu, T. Okaxupa, A. Kato, T. Owmnaa & W. Xaswm

PE3IOME. Pteromys volans orii, SHIeMHYHBIH TTOABHUI AN OCTpoBa XOKKaWmo, SIMOHWUS, IpeBecHOE
JKUBOTHOE, OOBIYHO JeTaroliee THe3/la B MOJOCTSIX CTBOJOB JepeBbeB. I TOTO YTOOBI MOHSATH, KaKue
TIOJIOCTH BBIOMpatoTcst P. volans orii B TOPHBIX palfOHAX, MBI TIPOBEIH MIPEIBAPUTEIBHOE UCCICIOBAHNC
PECYPCOB IMOJIOCTEH B €CTCCTBEHHBIX JiecaX XOKKaia0. Bece rHe3moBbIe MOMOCTH OBUIM OOHAPYKCHBI B
JKUBBIX JICPECBBSIX. BONBIIMHCTBO M3 HHUX 00pPa30BaNOCh TOCHE OTMAJCHHUS BETBEH. DTH OCOOCHHOCTH
XapaKTePHBI JUIs TOmyisnun Xokkaimo. Haubonpmuii muamMeTp THE3OBBIX MOJOCTEH OBLI 3HAYHMO
MEHBIIIE, YeM HE3aCCIICHHBIX ITOJIOCTeH. DTO MO3BOIISET MPEATIONIOKUTE, uTo P. volans orii MOXXeT BHIOH-
paTh TOJOCTHA C HEOONBIIMMH BXOAHBIMH OTBEPCTHAMH IS 3aIIUTHI OT XWIIHHUKOB. JlepeBo, KOoTopoe
HanboJee YacTO UCIIOIB30BATIOCH STHM MOJABHUIOM IS THe31 — Abies sachalinensis, TOMAHUPYIOUTHIA BUJ
TOPHBIX JIECOB XOKKaW0. A. sachalinensis mpenocTasisieT OOMIbHBIC THE3I0BBIC pecypChl st P. volans orii.

KJIFOYEBBIE CJIOBA: Abies sachalinensis, Acer mono, npeBecHbIe MICKOITUTAOIINE, CyOAPKTHYCCKHUE
CMeEIIIaHHBIe Jieca.
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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 arbo-
real 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 grandifo-
lia) for nesting (Holloway & Malcolm, 2007). Glau-
comys sabrinus selectively uses trembling aspen (Pop-
ulus tremuloides), white birch (Betula papyrifera), and
yellow birch (B. alleghaniensis) in central Ontario (Hol-
loway & 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 vol-
ans 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 Moun-
tains 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 Hok-
kaido Island, is common from lowland to mountainous
areas (Abe et al., 2005). The vegetation of Hokkaido’s
natural forests mainly consists of Abies sachalinensis,
Picea jezoensis, Quercus mongolica, Betula spp., and
Tilia japonica (Tatewaki, 1958; Horikawa, 1972; Okit-
su, 2002). This is quite different from forests of north-
ern Eurasia where P. volans is extensively distributed.
Confined to Hokkaido Island, southern parts of Sakha-
lin Island, and Kuril Islands (Satake, 1989), Abies sa-
chalinensis is the most abundant tree in Hokkaido’s
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 sur-
veyed 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
(43°10°-20°N, 142°20°—40°E; Fig. 1). This forest has
an area of 22,849 ha and is covered with natural sub-
arctic mixed-forests. In this forest, the dominant stand-
ing 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 locat-
ed 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.

Trees (N) Height (m) DBH (cm) DCH (cm)

Cavity trees

Used 12 21.44 (4.53) 50.80 ( 7.94) 43.65( 8.50)

Unused 29 17.54 (8.88) 44.55 (20.93)  |40.12 (16.34)

Total 41 18.68 (8.00) 46.38 (18.23) 41.15(14.47)
Trees with DBH > 20cm

Nearest to used cavity tree 12 19.03 (5.58) 36.12 (16.04) -

Nearest to unused cavity tree 29 19.50 (6.46) 39.50 (19.01) -

Total 41 19.36 (6.15) 38.57 (18.05) -

.
-t
.
P
-
.
-

tree trunk

“Cavity

~/ <€—entrance

Figure 2. Measurements used to describe tree cavities used or not used as
nests by Pteromys volans orii: a— longest diameter, b — shortest diameter,
¢ — 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), diam-
eter 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 record-
ing 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.

Variable* Used Unused

Height above ground (m) 2.31(1.08) 1.81(1.13)
Longest diameter (mm) 53.03 (26.22) 87.03 (40.70)
Shortest diameter (mm) 26.36 ( 9.27) 36.08 (16.58)
Thickness of entrance margin (cm) 6.94( 2.17) 5.73 ( 2.57)
Length from entrance to inner wall (cm) [22.34( 7.01) 17.25 ( 6.90)
Depth (cm) 36.17 (34.70) 21.08 (28.80)

* 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.

Trees with cavities' (N)
Species Nest® Unused Total
Conifers
Abies sachalinensis 7 9 16
Picea jezoensis - 1 1
Hardocds
Acer amoenum - 2 2
Acer mono 3 6 8
Alnus hirsuta - 1 1
Phellodendron amurense - 2 2
Populus tremula 1 - 1
Prunus ssiori - 1 1
Quercus mongolica - 3 3
Tilia japonica 1 2 3
Unknown - 2 2
Total 12 29 41

! Number of cavities found < 4 m above the ground.
2 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 cavi-
ties 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). Long-
est diameter of nest cavities was significantly shorter
than that of unused cavities (z=2.6273, d.f.=1, P<0.05).
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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 prob-
ably contributed to its importance as a nest tree, al-
though 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 cavi-
ties. 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, Cana-
da, hardwood trees such as Fagus grandifolia and Pop-
ulus tremuloides were frequently used by G. volans and
G. sabrinus (Holloway & Malcolm, 2007). Compared
to conifers, hardwoods have a decay processes conclu-
sive to natural cavity formation and woodpecker exca-
vation (McComb & Lindenmayer, 1999). In the sub-
arctic 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 pref-
erentially uses larger nest trees (Cotton & Parker, 2000;
Bakker & Hastings, 2002; Menzel ef 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, Glau-
comys (especially G. volans) uses fewer snags and
more live trees than reported for other regions (Hollo-
way & 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 ez al., 2000a; Hanski ez 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 cav-
ities to avoid predators (Airapetyants & Fokin, 2003).
Loeb (1993) also suggested that G. volans uses cavities
with small entrances because they provide greater pro-
tection from predators. The longest diameter of cavities

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 preferen-
tially 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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