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Field observations on the food habits of Petaurista leucogenys were made, together
with the measurement of feeding rates in captivity. The animal depended for its
food entirely on plant material available on big trees, and got a greater part of
the food from a limited number of tree species. A given particular tree species
was utilized for a long period of the year although food parts varied according to
seasons. The animal fed extensively on young leaves and fruits of deciduous
broad-leaved trees during April-June, seeds and acorns during July-November, and
mature leaves of evergreen broad-leaved trees and winter-buds during December-
March. Acorns, seeds and fruits were favorite items for the animal. The taste
for leaves differed considerably among tree species. Use of coniferous trees was
generally lower than of broad-leaved ones. Feeding rates were relatively high
in fruits, and low in leaves and bark. Compared with tree squirrels, the dietary
characteristic was relatively folivorous during the period in which the favorite
foods were not available. Leaf-eating seemed to have an adaptive significance
in the arboreal and the gliding mode of life.

INTRODUCTION

The study of food habits is essential for understanding the ecological
adaptation of a species to its environment. However, detailed studies on
the diet of flying squirrels are still few, compared with a large number of
reports on tree and ground squirrels. Petaurista leucogenys is one of the largest
animals belonging to Petauristinae, and occurs commonly not only in moun-
tain forests but also in small groves of local villages and shrines throughout
Japan except Hokkaido. Although the food habits of the animal was already
mentioned in a few reports (Baba et al., 1982; Kawamichi, 1984, etc.), region-
al differences in the diet have not been studied well. The aim of the pres-
ent study is to throw light on the relationship between the diet and the
ubiquitous distribution of the animal through direct observations at several
areas.

STUDY AREAS

Major observations were carreid out at five areas situated in laurel forest
zone; (1) Yakusin Temple in Hachidji, Tokys Metropolis, (2) Suiyd Shrine in
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Amagi, Fukuoka Pref., (3) Kanenotorii on Mt. Hikosan, Fukuoka Pref., (4)
Onamuchi Shrine in Amagi, Fukuoka Pref., and (5) Yawata shrine in Ogawa,
Saitama Pref., together with supplementary observations at other shirne
groves and coniferous plantations in Kyushu, Shikoku, Chiibu and Kanto
districts. As already mentioned (Ands and Imaizumi, 1982; Andg et al., 1984),
study areas (1),(2),(4), and (5) are shrine groves in which giant trees of
Quercus spp. and Cryptomeria japonica are abundant. Each of the areas has
the following characteristics; deciduous forest occupies a part of the area
(1), giant trees of Ciunnamomum camphora are abundant at (2), giant trees are
composed of only two species, Cryptomeria japonica and Quercus gilva at (4).
Moreover, groves at (4) and (5) are isolated from adjoining forests, the for-
mer covering an area of 2 ha and the latter of only 0.34 ha. Area (3) is
situated in a local village, in which there are many giant roadside trees of
Cryptomeria japonica and big garden trees.

METHODS

The food habits of the animal was examined through direct observations,
nightly. In order to quantify the relative consumption of different food
items, plant species and food parts eaten were recorded every time when a
feeding animal was sighted. The major food parts distinguished were leaves,
winter-buds, seeds, acorns, pulp, flowers (including flower buds), bark, twigs
and galls. When an individual animal ate two parts or two plant species in a
feeding bout, each item was recorded as 0.5 score. Although leftovers drop-
ped on the ground were also used as clues to identify the diet, they were
omitted from the quantitative measurements, as the frequency occurrence of
leftovers differed according to food items (Andod et al., 1984). Observations
were conducted during the period of April 1972 to March 1977 at Yakuoin
Temple, November 1977 to April 1980 at Suiyo Shrine, January 1978 to Februa-
ry 1980 at Kanenotorii, January 1981 to February 1982 at Onamuchi Shrine,
and December 1975 to June 1977 at Yawata Shrine.

In the laboatory, the amount of food intake (g) in a feeding bout and its
duration (min.) were measured according to food items. A male adult (HB,
345 mm; BW, 830 g) and a female adult (HB, 339 mm; BW, 8509) were used in
the experiment. They were usually fed with sunflower seeds and apples, and
kept in a wire-netting cage (60x60x90 cm). In advance of the measurement
of feeding rates, the animal was fed with the same kind of food which was
used in the experiment, for more than a week for the purpose of habitua-
tion.

RESULTS

1. The food composition and preference for food items

The list of food items identified by observing the animal and by checking
the leftovers is shown in Table 1. The diet was composed entirely of plant
materials. Among 64 plant species consumed by the animal, almost all were
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Table 1. Food items eaten by the Japanese giant flying squirrel,
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Petaurista

leucogenys, a Yakudin Temple (YA), Suiyd Shrine (SU), Kanenotorii (KT),
Onamuchi Shrine (OS), Yawata Shrine (YS) and other study areas.

Plant species If_ol1f-?n*

Ginkgo biloba

Torreya nusifera

Cephalotaxus drupacea C

Abies firma

Larix leptolepis

Pinus densiflora

Sciadopitys wverticillata

Metaseqcoia
glyptostroboides
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Cryptomeria japonica
Chamaecyparis obtusa C
Populus nigrum
Carpinus japonica
Carpinus laxiflora
Betula platyphylla

Fagus crenata

Fagus japonica

Castanea crenata
Quercus serrata
Quercus acutissima
Quercus glauca

Quercus myrsinaefolia
Quercus acuta

Quercus gilva

Quercus salicina
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Castanopsis cuspidata E
Ulmus davidiana
Aphananthe aspera
Ficus wightiana
Celtis sinensis
Zelkova serrata
Morus bombycis
Michelia compressa

Magnolia obovata
Cinnamomum camphora
Cinnamomum japonicus
Machilus thunbergii
Photinia glabra
Chaenomeles sinensis
Kerria japonica

Prunus persica

Prunus jamasakura

Prunus tomentosa
Prunus mume
llex pedunculosa
Tilia miqueliana
Camellia japonica
Camellia sasanqua
Cleyera japonica
Eurya japonica
Diospyros kaki
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Table 1. (Continued)

Locality
form* y 5 SU KT 0Ss YS  Other areas

Plant specikd®

Cornus controuersa
Acer palmatum

Acer mono

Acer japonicum

Sorbus commixta
Robinia pseudo-acacia
Sapindus mukurossi

—

Aesculus turbinata
Hedera rhombea
Trachelospermum
asiaticum .
Lonicera Japonica
Puleraria lobata
Calystegia, Japonica
umdentltlleg
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* cT, coniferous tree: DT, deciduous broad-leaved tree; ET, evergreen broad-leaved
tree; VG, vine grass: VT, vine tree.

t Limited to young one.

B, bark; F, flower (including flora bud); G, gal; L, lesf; Li, lichen; P, pulp;

S, seed (including cone and acorn); T, twig; W, winter-bud.

trees with an exception of a few vine grasses coiled round tree trunks.
Feeding on a lichen was recorded only once. Most feedings were observed
at big trees not less than 10 m high (Table 2). Even in the same species,
big trees were utilized more frequently than small and medium ones.

The annual feeding frequency in terms of plant species, which was
worked out by averaging monthly feeding frequencies in the year, is shown
in Table 3. In every area, only several tree species constituted a major part
of the food amount; especially Quercus spp. played an important role. Region-
al differences in flora influenced the number and the rank of tree species
eaten, e.q. Cinnamomwm camphora was the most important food source at
Suiyo Shrine, where it was abundant, and only seven species were utilized at
the isolated grove of Onamuchi Shrine. The relationship between the rela-
tive feeding frequency and the relative abundance among big trees at Yakuo-

Table 2. The ratio of the number of tree species eaten by the giant flying
squirrel to the total number of tree species according to tree height class.

Locality YA SU
Tree height (m) 0-4 5-9 0 0-4 5-9 0
Number of tree species (A) 23 40 28 18 14 14
Number of tree species (B) 4 29 21 0 5 1

eaten by the animal
/A 0.17 0.55 0.75 0.00 0.36 0.79




Table 3. Annual

feeding frequency (%) according to tree species.

Rank
YA SU
1 Quercus 11.9 Cinnamomum
acuta : camphora
Camellia Aphananthe
2 japonica 1.7 aspera
Prunus Quercus
3 jamasakura 10.9 glauca
4 Acer 9.2 Prunus
palmatum ’ jamasakura
5 Cryptomeria 78 Camellia
japonica ’ japonica
Quercus Quercus
6 salicina i gilva
Other 23 Other 14
species 39.9 species
Unidentified 0.9 Unidentified
Total 100.0

Locality
KT 0S YS
Quercus Quercus Quercus
29.3 salicina 191 gilva 42.5 glauca 3.6
Cryptomeria Quercus Zelkova
15.2 Jjaponica 16.7 glauca 300 serrata 24.8
Prunus Eurya Cryptomelia
13.1 jamasakura 14.9 japonica 8.3 japonica 14.7
Quercus Cryptomeria Carpinus
9.9 acuta 6.8 japonica 7.0 japonica 1
Acer Camellia Acer
9.4 palmatum 6.8 japonica 4.5 palmatum 4.0
Camellia Chamaecyparis Chamaecyparis
6.8 japonica 6.2 obtusa 3.8 obtusa 3 8
Other 16 Other 1 Other 4
15.4 species 28.8 species 3.3 species 7.0
0.9 Unidentified 0.7 Unidentified 0.6 Unidentified 0.0
100.0 100.0 100.0 100.0
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in Temple is shown in Table 4. Selection ratio (relative feeding frequency
in percent/relative abundance in percent) varied considerably among tree
species. Selection ratios of coniferous, evergreen broad-leaved and decidu-
ous broad-leaved trees, which were calculated by averaging those of the five
species from the top in the order, were 0.22, 4.68 and 3.44, respectively,
and it was seen that broad-leaved trees were preferred to coniferous ones.
Annual feeding frequency as to food parts eaten is shown in Table 5.
Seeds, acorns, leaves and winter-buds comprised the major part of the food
amount. In general, seeds, acorns, pulp and flowers were favorite food
items with the animal. In the case of feeding on fruits of Prunus jamasakura
or Prunus persica, the animal usually ate only pulp and discarded the seeds.
However, it consumed equally the pulp and seeds of Diospyros kaki. When
feeding on flowers, they preferred anthers very much, although with small

Table 4. The selection ratios among trees no less than 10m high at
Yakudin Temple from 1972 to 1977.

Number Relative Feeding

Tree species of indi- abundance frequency Sel eﬁ“?” If"fe
viduals (%) (%) ratio ormY
Cryptomeria japonica 106 49.0 9.5 0.2 C
Abies firma 24 11.0 0.5 0.1 C
Chamaecyparis obtusa 17 7.8 1.3 0.2 C
Zelkova serrata 8 3.7 7.3 2.0 D
Quercus sdlicina 8 3.7 9.4 2.5 E
Torreya nucifera 5 2.3 1.2 0.5 C
Quercus acuta 5 2.3 14.5 6.3 E
Quercus glauca 5 2.3 3.9 1.7 E
Fagus japonica 5 2.3 5.2 2.3 D
Acer palmatum 5 2.3 11.2 4.9 D
Prunus jamasakura 4 1.8 133 7.0 D
Pinus densiflora 3 1.4 0.2 0.1 C
Acer mono 3 14 14 1.0 D
Quercus myrsinaefolia 2 0.9 8.3 9.2 E
Magnolia cbovata 2 0.9 0.4 0.4 D
Aesculus turbinata 2 0.9 2.8 3.1 D
Fagus crenata 1 0.5 3.0 6.0 D
Tilia miqueliana 1 0.5 2.4 4.8 D
Quercus serrata 1 0.5 2.1 4.2 E
Cornus controversa 1 0.5 16 3.2 D
Carpinus japonica 1 0.5 0.5 1.0 D
Ginkgo biloba 1 0.5 0.0 0.0 D
Cephalotaxus harringtonia 0.5 0.0 0.0 C
Meliosma myriantha 1 0.5 0.0 0.0 D
Prunus buergeriana 1 0.5 0.0 0.0 D
Kalopanax pictus 1 0.5 0.0 0.0 D
Acer carpinifolium 1 0.5 0.0 0.0 D
Prunus grayana 1 0.5 0.0 0.0 D
Total 216 100.0 100.0

* Feeding frequency/relative abundance.
T C, coniferous tree; D, deciduous broad-leaved tree; E, evergreen broad-leaved tree.
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Table 5. Annual feeding frequency (%) according to food parts.

Locality
Food part

Y A su KT Oos YS
Evergreen leaves 16. 9 25. 1 28.8 20.4 15. 7
Deciduous leaves 16.1 13.5 9.6 0.0 6.9
Winter buds 12. 6 13.5 15.2 20.5 10.9
Seeds and acorns 2.1 25.1 26.6 24. 1 31.4
Pulp 6.9 5.8 8.1 0.0 0.0
Flowers 13.2 7.7 7.0 10.2 3.4
Bark 2.2 0.0 0.0 0.0 0.0
Galls 0.9 0.4 3.3 0.0 0.0
Twigs 0.0 0.5 0.0 0.0 0.0
Unidentified 9.1 8.4 1.4 24.8 29.5
Number of records 535 537 269 93 73

flowers, such as P. jamasakura, the entire flower was eaten. Mature leaves,
especially those of evergreen trees, and winter-buds were not favorite food
items, and utilized only when other favorite items were not available. Ma-
ture leaves of Camellia japonica or Chamaecyparis obtusa were not eaten at all,
although these trees were abundant in study areas. Young leaves were eaten
much more frequently than mature ones; e.g. leaves of Ginkgo biloba and Abies
Jirma were consumed only when they were very young. Moreover, young leaves
of P. jamasakura were chosen as well as flowers. Winter-buds were utilized
without distinction of mature leaves in a feeding bout.

Although quantitatively small, bark, galls and twigs were also the food
items of the animal. The utilization of bark was limited to a few tree spe-
cies such as P. jamasakura. The animal usually fed only on the cambium, but
it fed on the outer bark of Betula platyphylla on rare occasions. Feeding on
galls was limited to those occurring at the twig of Cryptomeria japonica, and
their woody parts were eaten. The tips of small twigs in deciduous trees
such as Zelkova serrata, were sometimes eaten together with leaves or winter-
buds, however, twigs were not eaten alone.

Drinking of free water was not observed in the field. In captivity, the
animal did not drink water when it was fed with tree-leaves and apples, but
it needed water when fed with sunflower seeds alone.

2. Seasonal variation in the diet

The composition of the diet varied remarkably according to seasons, and
the year was divided into three periods based on the change in food parts
and used tree species (Fig. 1). Characters of each period at Yakudin Temple
were as follows:

1) Young leaf period (April-June)

The beginning of this period coincided with the flowering time of P.
jamasakura. During the short flowering time, the animal fed on it extensively.
Leaves of deciduous trees, e. g. Z. serrata and Acer palmatum, began to be eaten
concurrently with their first appearance, and were major food items through
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this period. Young leaves and flowers of Quercus spp. were also utilized
frequently. In the latter half of this period, fruits of P. jamasakura and P.
Dbersica ripened and became favorite foods of the animal.

2) Acorn period (July- November)

This period was characterized by an intensive feeding on seeds and
acorns of various tree species, e.g. Quercus Spp., Tilia miqueliana, Cryptomeria
japonica, Z.serrata and Torreya nucifera. Particularly in September and October,
these items occupied most of food eaten. Although acorns of Quercus spp.
attained full maturity in October, they have already been eaten in June, when
they were no more than a few mm in diameter. Feeding on immature seeds
were also common among other tree species. Leaves of deciduous trees
such as P. jamasakura continued to be used during this period.

3) Mature leaf and winter-bud period (December-March)

This period commenced at about the time when most acorns dropped off
from trees. Mature leaves of Quercus spp. and winter-buds of various kinds of
trees became important food items through this period. Leaves of Cryptomeria
japonica were eaten more frequently than those in other periods, and cones
of the conifers were eaten consistently since summer. Flowers of Camellia
japonica, and male flowers of Cryptomeria japonica and Chamaecyparis obtusa were
utilized for a long time through this period. Particularly, the former was
chosen by preference. The bark of P. jamasakura and galls of Cryptomeria
japonica became also food items in this period.

As to the seasonal variation in tree species used as food source, the
relative feeding frequency of deciduous broad-leaved trees increased during
the period from April to October, and that of evergreen broad-leaved trees
from November to March. Coniferous trees were utilized constantly every
month, although the amount of intake was relatively small (Fig. 1). Most of
major tree species such as Quercus spp. were utilized for a long period of the
year, even all the year round, although the part eaten as food changed
seasonally (Fig. 2).

Patterns of seasonal variation in the diet at other fields were also similar
to that at Yakusin Temple, showing slight differences according to the com-
position of the vegetation. For example, a long feeding period of fruits
which extended up to winter at Suiys Shrine was the result of continuous
feeding on D. kaki. At Onamuchi Shrine, where deciduous trees were scarce-
ly found, young leaves of Q. gilva were utilized frequently from April to June.
At Shinmei Shrine in Akashina, Nagano Pref., where evergreen broad-leaved
trees were absent, winter-buds of deciduous trees and leaves of Cryptomeria
japonica became the main food items in winter. At Ohara Shrine in Hita,
Oita Pref., where deciduous trees were scarce, mature leaves of evergreen
trees such as Cinnamomum camphora were eaten even in seasons other than
winter. At the small grove of Kuroyama Shrine situated in large coniferous
plantations in Ogose, Saitama Pref., unripe acorns of Quercus glauca started to
be eaten in late May, about a month earlier than in other fields. At the
isolated grove of Hiruko Shrine in Washiki, Tokushima Pref., mature leaves
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Month
Fig. 2. Seasonal changes of the food parts eaten by the flying squirrel in

five tree species at Yakudin Temple. Abbreviations are the same as in
Table 1.

of Sciadopitys verticillata, not eaten at all in other fields, were the important
food in winter.

3. Feeding rates

The feeding rates varied according to food items, and they were general-
ly high for fruits and low for leaves and bark (Table 6). Feeding rates,
indicated by wet weight, showed larger variations among food items than
those indicated in dry weight. Feeding rates of soft leaves, e.g. those of
Robinia pseudo-acasia, were higher than those of hard evergreen leaves when
measured in wet weight, but the rates were similar by dry weight. In the
case of leaves of Cryptomeria japonica, it took time to chew the woody part
included in the inside of leaves. Feeding rates in small food items were
lower than in large ones, because the time spent for selection, picking up
and cracking became relatively longer than the time for chewing in small
food items. In the case of feeding on seeds of Cryplomeria japonica, most time
was spent for gnawing out them from the cones.

DISCUSSION

1. Selection of food items

The animal depends for its food on plant materials available on big trees.
Although there are a few reports of a feeding on a chick of Sturnus ciner-
aceus (Tachibana, 1955) and an occurrence of chitinous fragments in the stom-
ach contents (Miyao, 1972), animal matter was not fed at all in the pres-
ent study. Such diet of the animal is reflected also in the high ratio of
C/N in the stomach contents (Morozumi and Morozumi, 1978). The animal
likes acorns, seeds, fruits and flowers as much as many tree squirrels do
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Table 6. The wet and dry weight of food intake per min. according to
food items of the giant flying squirrel in captivity.

Wet wt. (g) Dry wt. (g)

Food part Tree species per min. per min. N
Fruits Diospyros kaki 4.65 0.89 3
Malus pumila 4, 44 0.69 14

Prunus jamasakura* 3.74 0.49 3

Prunus jamasekurat 1.98 0.26 7

Leaves Brassica oleracea 142 0.12 3
Robinia pseudo-acacia 0.65 0.20 3

Cinnamomum camphora 0.58 0.30 3

Quercus salicina 0.28 0.15 6

Cryptomeria japonica 0.25 0.10 6

Seeds and acorns  Quercus acutissima 1.45 0.95 8
Helianthus annuus 0.65 0.60 10

Cryptomeria japonica 0.25 0.18 3

Flowers and buds  Prunus jamasakura 1.83 0.45 3
Camellia japonica 1.46 0.38 6

Barks Prunus jamasakura 0.40 0.29 3
Twigs Cinnamomum camphora 0.67 0.50 3

* Large cherries put in a saucer.
t Small cherries attached to a twig.

(MacClintock, 1970), but it has an ability to utilize mature leaves and winter-
buds during the period when favorite food items are not available on trees.
According to Gautier-Hion et al. (1980), it is known that the characteristics
in the diet of an animal become clear when food supply is not sufficient, so
the leafy diet may be the dietary uniqueness in this species. Leaf-eating is
also known commonly among Petaurista living in tropical forests (Muul and
Lim, 1978). Relatively heavy weight of the mandible to that of the skull
(Miyao etal., 1978) and a long caecum of the animal (Miyao, 1972) seem to
be morphological adaptations for fibrous food.

Quantification of food amount by direct observations may be biased by
differences in feeding rates among food items (Smith, 1968; Thompson and
Thompson, 1980). In the case of the animal, leaves and winter-buds may be
overestimated and fruits underrated in the food composition of the animal.
Flowers of Camellia japonica may also be overestimated, as this kind of tree is
relatively low in height compared with other kind of trees, and the animal
perching on the tree can be found easily by observers.

2. Relationship between the diet and the mode of life

As seeds are borne on trees only in a limited period of the year, many
seed eating squirrels develop the caching habit (Fox, 1981), and depend
their winter food on seeds dropped off on the ground or those buried by
them in autumn (Thompson and Thompson, 1980). Besides, fruiting condition
of acorns is related to the nutritive conditions, and in turn influences on
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the breeding success of these squirrels (Nixon and McClain, 1969; Havera and
Smith, 1979). The animal which never goes down to the ground (Andé and
Imaizumi, 1982) has to depend its food upon resources available on trees
throughout the year. Such food habit relying upon abundant and stable food
items as leaves, will make it possible for the animal to maintain a stable
population even in a small isolated forest composed of limited tree species.
Behavioral and physiological characteristic of the animal, e.g. the lack of
caching and hibernating habits and the relatively low exploratory activities,
would also be reflections of the abundance of its food (Andd et al., 1984).

With regard to water requirements, tree squirrels such as Tamiasciurus
hudsonicus and Sciurus aberti kaibabensis drink free water if it is available, but
can fill their need for water from the dew and the water involved in their
food when there is no free water (Keith, 1965; Smith, 1968; Hall, 1981).
Such an ability would be particularly important for the animal entirely living
in trees where open water is not available.

3. Problems accompanied by a leafy diet

Few vertebrates use leaves as food although they are abundant and
constantly available (McNab, 1978). Several problems must be overcome in
the handling of such a leafy diet. Firstly, the leafy diet has a high contents
of cellulose and is relatively indigestible for mammals, thus this nature of
the diet presumably give them a low energy profit (Short et al., 1974; Bau-
chop, 1978; Raemakers and Chivers, 1980). Consequently, mammals that feed
on leaves to an appreciable extent are characterized by a low BMR, reduction
in muscle mass, and the lack of active movement (Fleagle, 1978; Hume, 1982).

Among tree squirrels, appreciable feeding on leaf is confined to the
largest species in the tropical rain forest (Emmons, 1980; Payne, 1980). On
the other hand, many flying squirrels include leaves in their diet (Fujimaki,
1963; Muul and Lim, 1978). Locomotion by gliding requires essentially very
little energy expenditure (Grand, 1978). In addition, gliding animals can sur-
vive without active locomotory abilities, because they are relatively safer
from predators in trees than terrestrial animals. The fact that many species
with a folivorous habit can be seen among gliders, which cover Phalanger-
idae, Cynocephalidae, Anomauridae and Sciuridae (Marples, 1973;XKingdon,
1974; Nowak and Paradiso, 1983), may have a relation with the facts men-
tioned above. Moreover, the tendency for leaf-eating increases in propor-
tion to the body size among species of Petauristinae (Muul and Lim, 1978).
Larger body size will be advantageous for animals living on nutritionally poor
food, because large animals can save the loss of heat from the body surface
compared to the small-sized animals (Clutton-Brock and Harvey, 1977; Eisen-
berg, 1978; Parra, 1978).

Another major problem which tree-leaf feeders meet with is the presence
of secondary toxic compounds in their food (Farentinos et al., 1981; Baranga,
1982; Moreno-Black and Bent, 1982). Notable difference seen in the taste of
leaves may indicate the presence of this problem in the animal.

As metioned above, it was a dietary characteristic of the animal that
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leaves were included in the diet to a considerable extent when other favorite
items were not available, although the animal preferred seeds as much as
other tree squirrels do. This diet may have adaptive significance in the
arboreal and the gliding mode of life. Besides, the diet made it possible for
the animal to live even in small isolated forests composed of limited tree
species.
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