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The Siberian flying squirrel 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 and Reeder 2005). This squirrel is arboreal and
inhabits the boreal evergreen forests of the Eurasian
Continent (e.g., Nowak 1991). It nests in tree cavities
(Yanagawa 1999; Yanagawa and Muraki 2006; Asari
and Yanagawa 2008; Asari et al. 2009; Nakama and
Yanagawa 2009). Pteromys volans orii, a subspecies
endemic to Hokkaido Island, Japan, is common from
lowlands to mountainous areas (Kuroda 1921; Ishii
2005; Oshida 2009). Ecological characteristics of this
subspecies in fragmented forests, small forests, and
windbreak forests in urban or agricultural areas are
already reported (Yamaguchi and Yanagawa 1995;
Yanagawa 1999; Asari et al. 2008, 2009; Tojo and
Yanagawa 2008). We, however, doubt these character-
istics are original. They may have been influenced by
human activities in these semi-artificial environments.
To understand the original ecological characteristics of
P. volans orii, we need to investigate this subspecies in
its original habitats, such as the natural and mountainous
forests in Hokkaido. There are only a few reports on the
ecological characteristics of P. volans orii in mountain-
ous natural forests (Nakano et al. 1991; Masuda 2003).
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; Okitsu 2002). This is quite differ-
ent from forests of northern Eurasia where P. volans

occurs. Of these tree species, Abies sachalinensis is
confined to Hokkaido Island, southern parts of Sakhalin
Island, and the Kuril Islands (Satake 1989), but is most
abundant in Hokkaido’s natural forests. We expected to
find an ecological association between P. volans orii
and A. sachalinensis. As a first step understanding the
ecological characteristics of P. volans orii, we selected
a large 4. sachalinensis-dominated mixed forest for pre-
liminary examination of the population density of this
subspecies by capture-mark-recapture methods using
wooden nest boxes. Nest boxes are often used in ecolog-
ical studies of flying squirrels in the Holarctic region
(e.g., Raymond and Layne 1988; Layne and Raymond
1994; Hanski et al. 2000; Taulman and Smith 2004).
Because the animals are not strongly attracted by bait,
nest boxes are more suitable for estimating the popu-
lation density of those arboreal small mammals (Fokidis
and Risch 2005). Here, we discuss preliminary popu-
lation density estimates for P. volans orii in the natural
forest of Hokkaido.

Methods

Study area and site

This study was conducted in the University Forest in
Hokkaido, The University of Tokyo, Furano, Hokkaido,
Japan (43°10-20'N, 142°20—40'E, Fig. 1). This natural
forest has an area of 22,894 ha. It is characterized with
natural sub-arctic mixed forests. Dominant stands are
Abies sachalinensis, Tilia japonica, Acer mono, and
Picea jezoensis (Yamamoto et al. 1995). In this forest,
we chose a 5.4 ha area dominated by Abies sachalinensis
as our study site.
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Fig. 1. Study area (University Forest in Hokkaido, The University of Tokyo in Furano, Japan) covered with Abies sachalinensis-dominated

mixed forest. Solid square shows study site where we set 60 nest boxes.

Trapping and marking of animals

Following methods of Yanagawa (1994), we built
wooden nest boxes with inside dimensions of 11 ¢cm by
16 cm by 20 cm. Entrance dimensions were 4 cm by 4
cm. In May 2009, 60 nest boxes were attached to trees at
heights of 3 m. We made three transects in study site,
and placed 20 nest boxes along each transect at 20-30 m-
intervals. We did not establish tree species and bearings
for these nest boxes. Distances between lines were
around 30 m. Each month, from May to October 2009,
we checked all nest boxes in daytime. During winter
(from November to early March), 3—5 individuals may
share a single nest cavity (Yanagawa 1999). As the nest-
ing pattern in winter is quite different from that in spring,
summer, and autumn, our method of using nest boxes to
census the population is not applicable during winter.
Therefore, we did not include data on population size in
winter and early spring. Captured flying squirrels were
weighed and ear-tagged. Ear tags were 2.5 mm by 6.0
mm (KN-295-A, Natsume Seisakushyo Co., Ltd). Nest-
lings too small to be ear-tagged were not marked. We

recorded sex and age of adult and sub-adult animals.
Age classes were based on body weight: adults were
>100 g and sub-adults were <100 g. Yamaguchi and
Yanagawa (1995) report that almost sub-adults were <90 g.
We regarded 100 g as a suitable border to discriminate
between adults and sub-adults. We returned each animal
into its nest box and returned the nest box to its original
place. We also recorded presence of nest materials.

Data analyses

We calculated the Lincoln index (L/, Le Cren 1965) of
each month on the basis of capture-mark-recapture results
where: LI = number marked in that sample/total caught
in that sample. Also, we estimated population size as:
number of individuals = number of captured individuals
at that month x accumulative number of marked indi-
viduals until that month/number of marked individuals
among individuals captured in that month. These calcu-
lations are used to estimate the size of closed populations
(e.g., Seber 1982), although our study site is not closed.
In addition, seasonal change of P. volans orii population
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Fig. 2. Numbers of Pteromys volans orii captured from May to
October 2009 in a 5.4 ha Abies sachalinensis-dominated mixed forest
in Hokkaido, Japan. Ages are categorized as three classes: adult,
subadult, and nestling.

size is affected by changes in number of sub-adults and
nestlings. Each P. volans individual, however, has a
different home range (e.g., Hanski et al. 2000; Reunanen
et al. 2002) and adults individuals show high site fidelity
(Hanski et al. 2000). Therefore, we attempted to esti-
mate population size for adults only in the month that is
probably thought to have most stable adult number.

Results and discussion

Captured flying squirrels

Of 360 checks of nest boxes during the six months,
boxes were occupied by P. volans orii 78 times. Of the
60 nest boxes, 38 were used. We captured a total of 40
individuals: 12 adults (6 males and 6 females), 9 sub-
adults (7 males and 2 females), and 16 nestlings (uniden-
tified sex) (Fig. 2). Five of the 16 nestlings eventually
became 5 of 9 sub-adults. The 21 animals (12 adults and
9 sub-adults) were marked and released. Adults were
found in each month. Sub-adults were found in June,
September, and October (Fig. 2). Nestlings were ob-
served in May and August (Fig. 2). Therefore, nestlings
born on May and August could have been found as sub-
adults in June and September, respectively. In July 6
adults were captured, however, 5 of them were newly
marked. This may suggest that the animals born on May
became almost adults in the study site, and/or some
young animals immigrated from different areas. These
reproductive ecological futures of P. volans orii are also
reported in urban or agricultural areas (Yanagawa 1999).
Judging from these findings, we expected that adult
number could be most stable in August.
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Fig. 3. Seasonal change in Lincoln index of each month calculated
from June to October 2009 for adults of Pteromys volans orii in an
Abies sachalinensis-dominated mixed forest in Hokkaido, Japan.

Estimation of population density

The highest L/ (1.0) was maintained in the adults for
August and September (Fig. 3). The LI increased from
June to August, decreasing in October (Fig. 3). Popula-
tion size (N) was estimated to 11 for adults in August.
Based on this number, the population density in the
Abies sachalinensis-dominated mixed forest in our study
area was calculated as 2 individuals/ha. Population
densities of the northern flying squirrel (Glaucomys
sabrinus) in boreal and sub-arctic forests are estimated
as 0.2-1.8 individuals/ha in Populus-dominated forest;
1.2-5.8 individuals/ha in Abies-dominated forest; 0.2—
2.1 individuals/ha in Picea-dominated forest (Anderson
et al. 1980), 0.5-1.3 individuals/ha in Pseudotsuga
menziesii-dominated old growth forest (Witt 1992), and
2 individuals/ha in the Pseudotsuga menziesii-dominated
old growth and second growth forests (Rosenberg and
Anthony 1992), and 2-3 individuals/ha in Abies-domi-
nated old growth forest (Waters and Zabel 1995). These
values are similar to our estimates here. Therefore,
population sizes of flying squirrels occurring in boreal
and sub-arctic forests may be restricted by similar envi-
ronmental forces. In Finland, however, the density of
female P. volans was estimated as 0.65/km? in 1981 and
0.43/km? in 1998 (Sulkava et al. 2008). Based on cap-
tures and radio-tracking data, Hanski et al. (2000) also
reported densities of P. volans as 0.04/ha and 0.08/ha in
southern Finland. These values are much less than our
estimates. There should be a difference in densities
between the Hokkaido and Finland populations, because
P. volans is categorized as vulnerable in Finland (Rassi
et al. 2001).



158

Acknowledgments: ~ We thank Y. Hashimoto, H.
Yanagawa, K. Suzuki, I. Izumi, H. Ikeda, N. Kamei, A.
Mizuguchi, Y. Yamaguchi, A. Hayashi, S. Kudo, Y.
Sugio, H. Ueda, and S. Mori for their technical support.
We are grateful to C. L. Bridgman for her critical reading
of the manuscript. This study was partly supported by
the Grant-in-Aid for Scientific Research (no. 21380086)
from the Ministry of Education, Science, Sports, and
Culture, Japan.

References

Anderson, D. C., MacMahon, J. A. and Wolfe, M. L. 1980. Herbivo-
rous mammals along a montane sere: community structure and
energetics. Journal of Mammalogy 61: 500-519.

Asari, Y. and Yanagawa, H. 2008. Daily nest use by the Siberian
flying squirrel Pteromys volans orii in fragmented small woods.
Wildlife Conservation Japan 11(2): 7-10 (in Japanese with
English abstract).

Asari, Y., Yamaguchi, Y. and Yanagawa, H. 2008. Field observations
of the food items of the Siberian flying squirrel, Pteromys volans
orii. Journal of Japanese Wildlife Research Society 33: 7-11
(in Japanese with English summary).

Asari, Y., Nakama, S. and Yanagawa, H. 2009. Investigation of tree
cavities used by Siberian flying squirrels and their selectivity
factors. Journal of Japanese Wildlife Research Society 34: 16-20
(in Japanese with English summary).

Fokidis, H. B. and Risch, T. S. 2005. The use of nest boxes to sample
arboreal vertebrates. Southeastern Naturalist 4: 447—458.

Hanski, 1. K., Stevens, P. C., Ihalempid, P. and Selonen, V. 2000.
Home-range size, movements, and nest-size use in the Siberian
flying squirrel, Pteromys volans. Journal of Mammalogy 81:
798-809.

Horikawa, Y. 1972. Atlas of the Japanese Flora: an Introduction to
Plant Sociology of East Asia. Gakken Co., Tokyo, 394 pp.

Ishii, N. 2005. Eurasian flying squirrel. In (H. Abe, N. Ishii, T. Itoo,
Y. Kaneko, K. Maeda, S. Miura and M. Yoneda, eds.) A Guide
to the Mammals of Japan, p. 124. Tokai University Press,
Kanagawa.

Kuroda, N. 1921. On three new mammals from Japan. Journal of
Mammalogy 2: 208-211.

Layne, J. N. and Raymond, M. A. 1994. Communal nesting of
southern flying squirrels in Florida. Journal of Mammalogy 75:
110-120.

Le Cren, E. D. 1965. A note on the history of mark-recapture popula-
tion estimates. Journal of Animal Ecology 34: 453—454.

Masuda, Y. 2003. Notes on nesting trees of the flying squirrel
(Pteromys volans orii). Bulletin of the Shiretoko Museum 24:
67-70 (in Japanese).

Nakama, S. and Yanagawa, Y. 2009. Characteristics of tree cavities
used by Pteromys volans orii in winter. Mammal Study 34: 161—
164.

Nakano, S., Hino, T., Natsume, S., Hayashida, M., Inaba, Y. and
Okuda, A. 1991. Notes on nesting trees of Japanese flying
squirrel, Pteromys volans orii, in Hokkaido during winter.
Research Bulletin of the College Experiment Forests, Hokkaido
University 48: 183—190 (in Japanese with English summary).

Nowak, R. M. 1991. Walker’s Mammals of the World, 5th ed., Vol. 1.
Johns Hopkins University Press, Baltimore, 642 pp.

Okitsu, S. 2002. Ecology of Boreal Vegetation. Kokon Shoin Ltd.,
Tokyo, 212 pp. (in Japanese).

Mammal Study 36 (2011)

Oshida, T. 2009. Pteromys volans (Linnaeus, 1758). In (S. D.
Ohdachi, Y. Ishibashi, M. A. Iwasa and T. Saitoh, eds.) The
Wild Mammals of Japan, pp. 196-197. Shoukadoh, Kyoto.

Rassi, P., Alanen, A., Kanerva, T. and Mannerkoski, I. 2001. Moni-
toring of Threatened Animals in Finland. Committee report,
Ympéristoministerio and Suomen Ympéristokeskus, Helsinki (in
Finnish with English summary).

Raymond, M. A. V. and Layne, J. N. 1988. Aspects of reproduction
in the southern flying squirrel in Florida. Acta Theriologica 33:
505-518.

Reunanen, P., Monkkonen, M. and Nikula A. 2002. Habitat require-
ments of the Siberian flying squirrel in northern Finland: compar-
ing field survey and remote sensing data. Annales Zoologici
Fennici 39: 7-20.

Rosenberg, D. K. and Anthony, R. G. 1992. Characteristics of north-
ern flying squirrel populations in young second- and old-growth
forests in western Oregon. Canadian Journal of Zoology 70:
161-166.

Satake, Y. 1989. Abies sachalinensis. In (Y. Satake, H. Hara, S.
Watari and T. Tominari, eds.) Wild Flowers of Japan: Woody
Plants, p. 10. Heibonsha Ltd., Tokyo (in Japanese).

Seber, G. A. F. 1982. The Estimation of Animal Abundance and
Related Parameters 2nd ed. Charles Griffin & Company Ltd.,
London, 654 pp.

Sulkava, R., Mikeld, A., Kotiaho, J. S. and Moénkkdnen, M. 2008.
Difficulty of getting accurate and precise estimates of population
size: the case of the Siberian flying squirrel in Finland. Annales
Zoologici Fennici 45: 521-526.

Tatewaki, M. 1958. Forest ecology of the islands of the north Pacific
ocean. Journal of Faculty of Agriculture, Hokkaido University
50: 371-484.

Taulman, J. F. and Smith, K. G. 2004. Home range and habitat
selection of southern flying squirrels in fragmented forests.
Mammalian Biology 69: 11-27.

Tojo, R. and Yanagawa, H. 2008. Use of nest boxes by birds and
small mammals in a windbreak forest in the Tokachi area of
Hokkaido, Japan. Journal of the Japanese Wildlife Research
Society 33: 1-6 (in Japanese with English summary).

Yamaguchi, Y. and Yanagawa, H. 1995. Field observations on
circadian activities of the flying squirrels, Pteromys volans orii.
Honyurui Kagaku [Mammalian Science] 34: 139-149 (in Japa-
nese with English abstract).

Yamamoto, H., Nitami, T. and Kisanuki, H. 1995. Stand structure of
mixed-species stands (I) Relation of species composition and
topographic factors. Journal of the Japanese Forestry Society 77:
47-54 (in Japanese with English abstract).

Yanagawa, H. 1994. [Field study of Pteromys volans orii by using
bird-box.] Shinrinhogo 231: 20-22 (in Japanese).

Yanagawa, H. 1999. Ecological notes on the Russian flying squirrel
(Pteromys volans orii) with a video camera. Honyurui Kagaku
[Mammalian Science] 39: 181-183 (in Japanese).

Yanagawa, H. and Muraki, N. 2006. Seasonal change in the utiliza-
tion of tree cavities by wildlife in Obihiro City. Tree and Forest
Health 10: 69—71 (in Japanese with English abstract).

Waters, J. R. and Zabel, C. J. 1995. Northern flying squirrel densities
in fir forests of northeastern California. Journal of Wildlife
Management 59: 858-866.

Wilson, D. E. and Reeder, D. M. 2005. Mammal Species of the
World: A Taxonomic and Geographic Reference, 3rd ed. The
Johns Hopkins University Press, Baltimore, 2142 pp.

Witt, J. W. 1992. Home range and density estimates for the northern
flying squirrel, Glaucomys sabrinus, in western Oregon. Journal
of Mammalogy 73: 921-929.

Received 11 September 2010. Accepted 25 March 2011.



