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Abstract

Flying lemurs are able to glide using a thin membrane of skin (patagium) connected to their limbs, body, and part of tails.
The Malayan flying lemur (Galeopterus variegatus) is endemic to Southeast Asia. Previous information on food habits of
this species has been anecdotal, and few studies on their dietary composition have been conducted. From the information
of sibling species, we predicted that the Malayan flying lemurs to be folivorous. We firstly tried a quantitative analysis of
the dietary compositions of the Malayan flying lemurs together with food availability in West Java, Indonesia, throughout
the year. The Malayan flying lemurs seasonally changed foods: leaves from December to July largely overlapping with the
rainy season (October—June) and fruits from August to November largely overlapping with the dry season (July—September).
When fruits were abundant, the proportions of fruits in the feces increased while proportions of leaves in the feces decreased,
or the flying lemur shifted their foods from leaves to fruits. In this period, tree leaves were abundant, which did not explain
the decrease in the feces. This implies that the flying lemurs fed on tree leaves in the majority of the year but they shifted
to fruits when they were abundant though leaves were also abundant. The abrupt changes in the dietary composition of
the flying lemurs were different from those of the sympatric folivorous primate, Javan lutung (Trachypithecus auratus), for
which dietary composition showed a gradual change from leaves to fruits. Such inter-specific differences would be caused
by differences in body sizes and/or digestive physiology.
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Introduction

There are seasonal variations in the dietary characteristics
of mammals, including dietary composition, food diversity,
and its seasonality (Sovada et al. 2001; Ciucci et al. 2018;
Communicated by Yayoi Kaneko. Sharma et al. 2014). To fulfil the dietary requirements and
maximize the nutrition, mammals have adapted to temporal
and spatial variations in food availability (e.g., Bojarska and
Selva 2011; Diaz-Ruiz et al. 2013). Such adaptations include
behavioral traits known as feeding strategy (Schoener 1971;
Weise et al. 2010; Bakaloudis et al. 2012; Hocking et al.
2017). In some cases, dietary compositions are affected by
food availability, resulting in nutritional condition and con-
sequent reproduction. A good example is known in a wild
boar population in Mediterranean area (Massei et al. 1996).
' Azabu University, Sagamihara, Kanagawa, Japan Such variations of dietary compositions affected by food
availability sometimes result in population dynamics as was
shown in the Taihangshan macaques Macaca mulatta tch-
eliensis in Henan Province, China (Cui et al. 2020). There-
fore, studies on food habits can provide useful insights to
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understand mammals what and how much proportion the
mammal feed on, and if we can know the food availability,
we may understand how the diets relate to the habitat (Riney
1992; Pyke 2010; Sinclair 2003). For endangered species,
studying their food habits would help to quantify their suit-
able habitats because we can know which foods are impor-
tant for them. Such information would be important for their
conservation including habitat management, supplementary
feeding, or reintroduction to new habitats (e.g., Hejcmanova
et al. 2010; Lovari et al. 2013; Castle et al. 2020).

The Malayan flying lemur (or colugo, Galeopterus var-
iegatus = Cynocephalus variegatus), the Order Dermoptera,
is able to glide using a thin membrane of skin, called a pata-
gium, which is connected to their limbs, their body, and
part of their tails. It is endemic to Southeast Asia, ranging
in southern parts of Thailand, Indochina, Malay Peninsula,
Sumatra, Java, and Borneo (Lim 2007). It inhabits forests,
including primary and secondary forests (Lim 2007). It is
arboreal and nocturnal, and therefore studies on its behavio-
ral aspects have been limited (Lim 2007; Byrnes et al. 2011).
Although recent studies have shown its home range size,
nocturnal activity, and habitat preference (Baba 2008; Lim
et al. 2013; Tsuji et al. 2015a, 2019), majority of information
on its dietary composition is anecdotal (Agoramoorthy et al.
2006; Lim 2007; Dzulhelmi and Abdullah 2009), and only
one systematic study has been conducted for a sibling spe-
cies, Philippine flying lemurs (Cynocephalus volan) (Wis-
chusen and Richmond 1998). It showed that the Philippine
flying lemurs were folivorous.

In this study, we tried to reveal the dietary compositions
of the flying lemur by fecal analysis, a noninvasive method,
with supplemental behavioral observation. In addition, to

Fig. 1 Location map of Pangan- 108°37'E 38’

address their foraging strategy, we conducted phenologi-
cal survey of diet trees to find relationship between food
availability and dietary compositions. If the flying lemur
is strictly folivorous, the diet would be composed of only
leaves regardless plant phenology. However, if it is adap-
tively folivorous, it would feed on some more tasteful or
nutritious foods depending on plant phenology. In order
to address this, quantitative analysis is needed. However,
no quantitative analysis of dietary compositions of flying
lemurs has not been done. Therefore, we studied both dietary
compositions of the Malayan flying lemur and food avail-
ability. Folivorous food habits of the Philippine flying lemur
(Wischusen and Richmond 1998) are partly interpreted by its
well-developed caecum (48 cm in length) which can ferment
ingested leaves (Lim 2007). Therefore, we predicted that
the Malayan flying lemur is also folivorous. Our particular
concern is whether their dietary compositions are constant
through the year or they vary seasonally relating to food
availability.

Materials and methods
Study area

This study was conducted at Pangandaran Nature Reserve
(hereafter PNR), located at the southern coast of western
Java, Indonesia (Fig. 1). It is composed of a forest park
(38 ha) and a strictly protected nature reserve (370 ha)
(Mitani et al. 2009; Tsuji et al. 2015a, b). PNR has an aver-
age elevation of < 100 m above sea level. The average annual
rainfall (2005 to 2013) is 3272 mm (AccuWeather.com
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2015, http://www.accuweather.com [accessed: January 14,
2015]), and the average annual air temperature and humidity
are 25-30 °C and 85-95%, respectively (Brotoisworo 1991;
Kool 1993). The dry season ranges from July to September
and the rainy season ranges from October to June. The main
vegetation of the forest park is secondary forest; however,
several areas of planted Tectona grandis L. and Swietenia
macrophylla King forest stands exist. There are also several
grassland patches (Sumardja and Kartawinata 1977; Tsuji
et al. 2015a, b). Although PNR is small and isolated, the
reserve has a diverse fauna. Forest rangers listed 23 mam-
malian species, including two diurnal primates, and 62 avian
species (Tsuji et al. 2016).

Collection and analysis of fecal samples

A fecal pellet of the flying lemurs was sampled from ten
aggregated pellets (Fig. 2) collected beneath tall trees where
the flying lemurs were resting. Collections were conducted
inside the forest park every month from August 2017 to July
2018 (n=120). Immediately after collection, the fecal pel-
lets were preserved in plastic bags with 70% alcohol, and
brought back the IPB University, Bogor, West Java, Indone-
sia, until analyses.

The fecal samples were washed over a 0.5 mm-meshed
sieve, and the retained materials were preserved in 70% etha-
nol. The fragments were microscopically analyzed by the
point-frame method (Stewart 1967; Uresk and Dietz 2018).
Fragments were spread over a slide-glass with 1 mm aper-
ture grids, and points of grids covered by the fragments were
counted. More than 100 points were counted, and propor-
tions in the fecal compositions (%) of the food categories
were calculated. Foods were classified into six categories:
fruit (including fruit coat and pulp), flower, leave (including
veins, and grasses), fiber (including culms), animal mate-
rial (insects and mammal hairs), and others (unidentified
materials).

Fig.2 A. Aggregated fecal
pellets and B. fecal pellets of
Malayan flying lemur. Grid
interval =5 mm

Observation of feeding behavior

As a supplemental investigation, we conducted intermit-
tent field surveys at the forest park between 2014 and 2019
(228 days in total, 3—4 days a month in average). Besides this
study, we recorded ranging behavior of flying lemurs with
radio telemetry (Tsuji et al. 2019a). We traced them every
30 min during the night (18:00-06:00 of the next day) and
four times during the day (07:00, 10:00, 13:00, and 16:00).
Whenever we observed a flying lemur feeding, we recorded
plant species and part eaten. Our methodology adhered to
Indonesian/Japanese legal requirements.

Plant phenology

We had established 685 monitoring trees along the forest
path (ca. 2.5 km in length and ca. 5 m in width) inside the
forest park for a phenological survey (Tsuji et al. 2019b).
Diameters at breast height (DBH) of trees were measured
and the basal areas (BA) or the cross-sectional areas were
calculated from the DBHs. To evaluate the availability of
the target food items, phenology index (PI) of (1) mature
leaves, (2) young leaves, (3) flowers, (4) ripen fruits, and
(5) young fruits were checked twice a month and averaged
for month. The PI for each tree/part was evaluated by three
grades: absence (0), small amount (1), and abundant (2).

In order to evaluate food availability in the PNR, we cal-
culated the food availability index (hereafter FAI), defined
by the following formula:

FAI = Z [BA x PI]

When we calculate FAI of ripen fruits, for example, we
summed PI scores of ripen fruits of each monitoring tree
and summed up the scores. For analyses, we used two dif-
ferent FAI data sets: one across all the plant species (685
trees) and another one for Ficus spp. (16 trees), on which
the flying lemurs in the PNR stayed for foraging frequently
(Tsuji et al. 2015a).
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Statistical analyses

We employed the generalized linear models (GLMs) to
evaluate monthly differences in the target food parts. In the
GLM, we set month as an explanatory variable. An error
structure of a dependent variable (number of counted points
for target food part) was assumed to follow the Poisson dis-
tribution (linked function: log), and the total number of
counted points was set as an offset-term. We conducted the
Spearman’s rank correlation tests between the FAI and pro-
portion (%) of food parts (young leaves, ripen fruits, young
fruits, flowers, fiber, animals, and others). As we mentioned
above, we separately conducted corresponding correlation
analyses for FAI of Ficus spp. All analyses were performed
in R 3.2.3 (R Development Core Team 2015), with the sta-
tistical standard («) set at 0.05.

Results

During the study period (2014-2019), we recorded 14 items
(13 species of 10 families) as foods of the flying lemurs by
direct observations. Total number of food items in the PNR
is 24 (19 species of 12 families) (Supplementary Data SD1)
according to the results of the present study and our previous
study (Tsuji et al. 2015a).

100

Figure 3 shows major food categories whose proportions
showed more than 20% at least in a month. Proportions of
leaves occupied more than 40% from December to July,
which largely corresponded with the rainy season (Octo-
ber—June, Fig. 3) while they accounted for less than 20%
in the dry season (July—September). Particularly, it reached
more than 60% in December, January, April, and June. The
monthly change in proportions of leaves also differed signifi-
cantly (Supplementary Data SD2). These results imply that
they are the staple foods for the flying lemurs.

Proportions of fruits occupied 40-80% from August to
November, which largely corresponded with in the dry sea-
son (July—September), after which decreased to less than
30% except March (32%). Monthly changes in the propor-
tions of fruits differed significantly (Supplementary Data
SD2).

Out of these major food categories, flowers and animal
materials (insects and mammal hair) appeared in limited
months (flowers: December, January, and February, animal
materials: July, October, and November) and the proportions
were small (proportions were less than 3%). Others occupied
less than 20% in all months.

Food availability indices (FAIs) of young leaves peaked
in October and those of ripen fruits had a bottom in February
and March. The FAI of young fruits and flowers showed no
clear seasonal changes (Fig. 4). Young leaves of Ficus spp.
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Fig.3 Monthly changes (from August 2017 to July 2018) in the average values of proportions (%) of the main food categories in the feces of
Malayan flying lemur at Pangandaran Nature Reserve (PNR), West Java, Indonesia. Error bars represent standard deviations (SDs)
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Fig.4 Monthly changes (from
August 2017 and July 2018) in
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had lower values from May to July. Finally, the FAIs of Ficus
fruits (both ripen and young) peaked in October—December.

Correlation analyses showed that the FAI of young fruits
positively correlated with proportions of fruits, and nega-
tively correlated proportions of leaves. In addition, the FAI
of young leaves of Ficus spp. positively correlated to pro-
portion of fiber in the fecal composition (Supplementary
Data SD3).

Discussion

Due to their nocturnal and arboreal nature, the information
of the food of the Malayan flying lemur has been fragmen-
tal (Agoramoorthy et al. 2006; Lim 2007; Dzulhelmi and

Abdullah 2009; Tsuji et al. 2015a). Our study is therefore
first quantitative information on their diets.

It was described that the Philippine flying lemur, a sib-
ling species, is folivorous (Wischusen and Richmond 1998).
The food habits seem to relate to its well-developed cae-
cum (48 cm in length) which enables it to ferment ingested
leaves (Lim 2007). We thus predicted that the Malayan fly-
ing lemur would be also folivorous. In fact, the fecal com-
positions were greatly occupied by leaves for long period
from December to July (Fig. 3). Besides, correlation analy-
ses showed that the flying lemur fed on leaves regardless
of its availability and fed more leaves in fruit-scarce sea-
son. In addition, dependence on young leaves of Ficus spp.
was positively correlated with its availability. From these,
leaves seem to be staple foods for the Malayan flying lemur.
This supported our prediction. However, contrary to our
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prediction, our fecal analysis showed that he Malayan flying
lemur fed on fruits in a short period from August to Novem-
ber (Fig. 3), reflecting increase of ripen fruits (Fig. 4). This
frugivorous nature was not found for the Philippine flying
lemur (Wischusen and Richmond 1998). During this period,
the proportion of leaves decreased in the fecal composition,
that is, fruits replaced leaves in the diet. It is noteworthy
that leaves were abundant in this period (Fig. 4). Therefore,
the flying lemur shifted from leaves to fruits not because of
leaf supply but because of increase of ripen fruits. In fact,
proportion of fruits in the feces positively correlated with
availability of ripen fruits (r,=0.545, p=0.071, SD3) and
young fruits (r,=0.713, p=0.012, SD3). In general, fleshy
fruits contain much sugar, a carbohydrate-rich food source
(Robbins 1993). Short-term use seems similar to be a “fall-
back” food” (Harrison and Marshall 2011; Smith 2013),
but since a fallback food is less nutritious and less favored,
fruits are not fallback foods for the flying lemur. The shift
from leaves to fruits occurred at a habitat of enough foods
(leaves). The flying lemur chose better foods (fruits) accord-
ing to additional more favorable foods, which may be called
as a “bonus” food.

Our new finding of fruit use by a flying lemur was
attained by continuous sampling of feces as well as by
recording plant phenology. Findings of other mammals
suggest that we need to pay attention to availability of food
resources and animals’ responses, such as ranging (Norscia
et al. 2006) and daily activity (Karasov 1992) to address
their feeding strategy.

In PNR, another frugi-folivorous mammal species, Javan
lutungs (Trachypithecus auratus) inhabit. Tsuji et al. (2019b)
studied the food habits of the lutungs during the same period
(August 2017-July 2018) and showed that their diet is com-
posed of leaves occupying 80-90% from February to July
and accounting for around 50% from August to January. The
lutung fed on fruits when the availability of leaves decreased
(Tsuji et al. 2019b). The seasonal change of the lutungs’ diet
was gradual while those of the flying lemur was abrupt. The
inter-specific difference in the monthly change in dietary
composition would be originated to difference in digestive
physiology: the lutungs moved for several hundred meters
a day (Kool 1993) within home range (5-10 ha) and visit
five to six trees to feed on leaves and sometimes pick up
fruits and flowers (Browoisworo 1991). The passage rate
of foods through digestive tract of a captive Javan lutungs
was around 100 h (Tsuji et al. 2017). This means that their
foods were mixed in their digestive tracts. This explains
their gradual change in their diet. Contrary, the Malayan
flying lemur stays several hours on a tree and use a few
patches within small home ranges (0.5-1.5 ha) during a
night (Tsuji et al. 2019a). It is likely that their food passage
is rapid: Wischusen et al. (1994) reported the passage rate
of the Philippine flying lemurs to be 14-22 h. The rapid
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passage rate is partly explained by the smaller body of the
Malayan flying lemur (adult body weight: 1.0-1.1 kg) than
the lutung (adult body weight: 5-7 kg) (Tsuji et al. 2016).
This suggests that fecal compositions of the flying lemur
directly reflect their past feeding both spatially and tempo-
rally. The abrupt seasonal change in their fecal compositions
seems to be explained by this. It may be possible that such
an inter-specific difference in dietary shift would contribute
to weaken the inter-specific competition over leaves and/or
fruits. In future, community-based research focusing on the
inter-specific competition would confirm this.

In summary, feeding strategy of the Malayan flying
lemurs is characterized by the following: (1) to feed on
leaves regularly as “staple foods,” (2) to shift to fruits if
available even leaves are abundant, which may be called as
“bonus foods,” and (3) to other parts optionally.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13364-022-00658-y.
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