
fruit per day. The amount might be insufficient to fill the 
civets’ stomachs. Therefore, the influences of seasonal 
variance in the food intake rate appeared to be low in this 
study.

2. Effects of flesh hardness on SI and application 
to wild civets

The hardness of kaki fruits presented to each civet did 
not affect significantly the SI. Even the hard fruits in 
this study was relatively soft compared to salable fruits. 
The range of hardness was too small to affect the SI. The 
ingestion pattern and SI will differ in fruits with very 
high hardness during the early ripening period, as in a 
study of frugivorous bats (Dumont 1999 ). More factors 
are needed to examine the applicable situation (e.g. 
hardness) of SI of this study to wild civets. Nevertheless, 
this is the first study to provide an index to estimate the 
intake rate of kaki fruits by civets. It is more robust to use 
the duration of all ingestion behaviors to calculate intake 
rate than to use bite size/rate for discarded kaki fruits, 
which are on the ground and relatively soft compared to 
salable fruits. In addition, we used non-astringent kaki 
fruits in this study. Japanese monkey, wild boar (Sus 
scrofa) and sika deer (Cervus nippon) eat astringent kaki 
fruits during the early ripening period (H. Ueda personal 
observation). It is well known that the Asian (common) 
palm civets (Paradoxurus hermaphroditus) eat coffee 
fruits (Marcone 2004), which contain high level of tannin 
(Farah and Donangelo 2006). Also, a species of the order 
Carnivora produced tannin-binding salivary (Robbins et 
al. 1991 ). Therefore, wild masked palm civets will eat 
astringent kaki fruits at least after fully ripening.

We can calculate intake rate of wild civets by 
multiplying the representative values of SI of captive 
civets by the duration of ingestion behaviors of wild 

animals observed from remote cameras. The minimum 
ingestion time (TDI) was 56 seconds in this study (Table 
2). In an extremely shorter observation period than this, 
for example, when civets bite only two or three times 
for a few seconds, the estimation would not be accurate. 
Furthermore, we recommend to use the representative 
values (i.e., the range between the top 25 th percentile 
and the bottom 25 th percentile) of SI in estimation of 
wild civet’s intake rate. The reason is that internal factors 
of animals, such as body size and appetite, also affect 
feeding efficiency and SI. For example, body weight 
variety within a species (and sex for species with greater 
sexual dimorphism) affects intake rate (Wilmers et al. 
2002 ). We usually cannot determine the body weight 
and sex of animals from the videos of remote cameras in 
the field. The sex difference in body weight of civets is 
little (Table 1 and Ohdachi et al. 2015). Thus, we did not 
test the effect of body weight and sex on SI in this study. 
But the wild civets have great individual differences 
with various state affecting feeding behaviors and SI. 
The representative values of SI include some differences 
among individuals in ingestion behaviors of kaki fruits, 
allowing more realistic application than using the mean 
value.

3. Energy intake rate for captive civets

The SI was calculated while eating a whole or most 
of kaki fruit. For the captive civets, even the individual 
with the lowest SI (M4 ) could obtain 14.4% of the daily 
requirement in just about six minutes. Therefore, it is 
clear that even “one” cultivated fruit can be excellent 
food resource for civets. Regardless of whether the 
cultivated fruit is salable or not, we need to limit the 
access of invasive mammals to fruits, and consequently, 

to decrease crop damage and the animal populations.

V. Summary

We evaluated energy value of kaki fruits (Diospyros 
kaki), a large-sized cultivated fruit, on masked palm 
civets (Paguma larvata), an invasive species in Japan. 
We determined the standard values of intake rate (SI) 
for kaki fruits by captive civets to apply to wild civets. 
We conducted feeding experiments over a total of 4 

days with different flesh hardness (i.e., hard and soft 
conditions) using 11 captive civets. We divided gross 
fruit intake by duration of ingestion behaviors (biting, 
nibbling, gnawing, lapping, and licking actions) to obtain 
the SI (g/s). From linear mixed-effects model analyses, 
the experimental day and fruit hardness presented to each 
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individual had no significant effect on the SI. We defined 
the representative values of SI as ranging from 0 . 91 to 
1 . 37 g/s. The captive civet with the greatest efficiency 
obtained 22 . 3 % of the daily requirement in 1 minuet 
of ingestion time and even the civet with the lowest 
efficiency could obtain 14.4% of the daily requirement in 
just six minutes. This is the first study providing an index 

to estimate the intake rate of invasive medium-sized 
Carnivora on large-sized cultivated fruits. It is clear that 
cultivated fruit is an excellent food resource for civets 
and efforts are needed to limit the access of invasive 
species to cultivated fruits, and consequently, to decrease 

crop damage and the  animal populations.

VI. Acknowledgements

We are grateful to the staff of the Western Region 
Agricultural  Research Center ,  NARO for their 
considerable support during the experiments. We also 
thank the farmer for providing the kaki fruits, Dr. D. 

Nakamura for support during the experiments, and the 
members of the wildlife damage management group of 
the Central Region Agricultural Research Center, NARO 

for their helpful comments.

VII. References
Biodiversity Center of Japan ( 2018 ) Report of 

distribution of wildlife with regard to which 
there are concerns relating to the risk of causing 
significant damage or suffering a decline in the local 
population: raccoon, masked palm civet and nutria. 
Biodiversity Center of Japan, Nature Conservation 
Bureau, Ministry of the Environment, Japan, 
108 p. [in Japanese] http://www.biodic.
go.jp/youchui/reports/h 29 _youchui_

houkoku.pdf ( accessed 11 October 2018) .
Borchet, M. Davis, F. W. and Kreitler, J.  ( 2008 ) 

Carnivore use of an avacado orchard in southern 
California. California Fish and Game, 94:61–74.

Clauss, M. Kleffner, H. and Kienzle, E. ( 2010 ) 
Carnivorous mammals: Nutrient digestibility and 
energy evaluation. Zoo Biology, 29, 687–704.

Dumont, E. R. ( 1999 ) The effect of food hardness 
on  f eed ing  behav io r  i n  f rug ivo rous  ba t s 
(Phyllostomidae): An experimental study. Journal 
of Zoology, 248:219–229.

Hanya, G. Yamada, H. and Arakane, T. ( 1997 ) 
Population dynamics of wild Japanese macaque 
troops at Hieizan: Influences of non-systematic 
provisioning and dependence on crops. Primate 
Research, 13 : 187 – 202 . [in Japanese with English 
abstract]

Hiiemae, K. M. and Crompton, A. W. ( 1985 ) 

“Mastication, food transport, and swallowing”. In: 
Functional Vertebrate Morphology. USA, Harvard 
University Press, 262-290. 

Iwama, M. Yamazaki, K. Matsuyama, M. Hoshino, Y. 
Hisano, M. Newman, C. and Kaneko, Y. ( 2017 )
Masked palm civet Paguma larvata summer diet 
differs between sexes in a suburban area of central 
Japan. Mammal Study, 42:185–190.

Koler-Matznick, J. Brisbin, I. L. Feinstein, M. and 
Feinstein, J. ( 2005 ) An ethogram for the New 
Guinea Singing (Wild) Dog (Canis hallstromi). 
USA, The New Guinea Singing Dog Conservation 
Society, 49p.

Kozakai, C. Hata, A. Saeki, M. and Takeuchi, M. 
(2018) First trial to measure the feeding efficiency 
of medium-sized mammals in fruit dump sites: a 
case of strawberry fruits. Bulletin of the NARO 
Agricultural Research for Central Region, 4:15-27. 
[in Japanese with English abstract]

Matsuo, R. and Ochiai, K. ( 2009) Dietary overlap among 
two introduced and one native sympatric carnivore 
species, the raccoon, the masked palm civet, and the 
raccoon dog, in Chiba Prefecture, Japan. Mammal 
Study, 34:187–194.

Nagy, K. A. (2005) Field metabolic rate and body size. 
Journal of Experimental Biology, 208: 1621–1625.

National Research Council ( 2006) Nutrient requirements 

31Fruit intake rate of masked palm civets


