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Abstract  In the wild, primate foraging behaviors are related to the diversity and nutritional properties of food, which are af-

fected by seasonal variation. The goal of environmental enrichment is to stimulate captive animals to exhibit similar foraging be-

havior of their wild counterparts, e.g. to extend foraging time. We conducted a 12-month study on the foraging behavior of Japa-

nese macaques in a semi-naturally forested enclosure to understand how they use both provisioned foods and naturally available 

plant foods and what are the nutritional criteria of their consumption of natural plants. We recorded time spent feeding on provi-

sioned and natural plant foods and collected the plant parts ingested of their major plant food species monthly, when available.  

We conducted nutritional analysis (crude protein, crude lipid, neutral detergent fiber-‘NDF’, ash) and calculated total 

non-structural carbohydrate – ‘TNC’ and total energy of those food items. Monkeys spent 47% of their feeding time foraging on 

natural plant species. The consumption of plant parts varied significantly across seasons. We found that leaf items were consumed 

in months when crude protein, crude protein-to-NDF ratio, TNC and total energy were significantly higher and NDF was signifi-

cantly lower, fruit/nut items in months when crude protein and TNC were significantly higher and crude lipid content was sig-

nificantly lower, and bark items in months when TNC and total energy were higher and crude lipid content was lower. This pre-

liminary investigation showed that the forested enclosure allowed troop members to more fully express their species typical flexi-

ble behavior by challenging them to adjust their foraging behavior to seasonal changes of plant item diversity and nutritional con-

tent, also providing the possibility for individuals to nutritionally enhance their diet [Current Zoology 56 (2): 198–208, 2010]. 
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In feeding ecology, optimal foraging theory (OFT) 

postulates that in diet choice, foraging location, and 

foraging time, an animal’s decisions are made to maxi-
mize the net rate of energy gain (Stephens and Krebs, 

1986). According to OFT, foragers encounter an array of 
food types in a random fashion, and rank them along a 

continuum of their energy return rate, defined as a food 
item’s energy content relative to the amount of time 

spent foraging for that item (Charnov, 1976; Hill and 

Kaplan, 1999). In the wild, a primate’s food consump-
tion is related to seasonality, habitat quality, food abun-

dance, distribution (Agetsuma, 1995; Agetsuma and 
Nakagawa, 1998; Hanya, 2004a; Hill, 1997; Jaman and 

Huffman, 2008; Maruhashi, 1980; Oates, 1987; Naka-
gawa, 1989) and nutritional properties of food items 

(Fashing et al., 2007; Hanya et al., 2007; Iwamoto, 1982; 

Oates et al., 1980; Takemoto, 2003 ; Worman and 

Chapman, 2005; Wrangham et al., 1991; Yamashita, 

2008; Yeager et al., 1997). 
The Japanese macaque Macaca fuscata is known for 

its diverse range of habitats and highly seasonally vari-
able diet (e.g., Agetsuma and Nakagawa, 1998; Hanya, 

2004b; Hill, 1997; Maruhashi, 1980).  But we do not 
know how seasonal plant food diversity affects monkeys 

in captive forested enclosures. It is important to know 

how enrichment with natural vegetation affects the for-
aging behavior of captive groups. Iwamoto (1982) 

found that nutrient intake of an adult female Japanese 
macaque on Koshima islet varied across seasons, with 

protein intake being greater in October and November 
than other seasons and lipid intake was lower in winter 

than other seasons. This might be due to the seasonal 
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variation of nutrients of plant items. Nakagawa (1989; 

1997) and Nakagawa et al. (1996) found that interre-
gional (cool temperate vs warm temperate) differences 

in the intake of gross energy and protein; with higher in 
autumn than in winter were responsible for those in nu-

tritional content and feeding rate of food items. Hanya 

et al. (2007) reported that leaves high in protein, ash and 
protein to neutral detergent fiber (NDF) ratio were se-

lected on Yakushima Island, Japan. They only investi-
gated leaf food selection, based on the nutritional prop-

erties of ingested leaf food items, but did not analyze 

them seasonally. Japanese monkeys in the wild consume 
both leaves and fruits equally and their dietary diversity 

varies across seasons (Hill, 1997; Maruhashi, 1980).  
To build on our knowledge of primate feeding ecology 

in the wild and in captivity, we conducted nutritional 
analysis of all major food items (bark, leaf, fruit, nut) 

for a twelve month period to investigate whether nutri-

tional quality varies seasonally, and whether this affects 
the monkeys consumption of these major food items. 

Little information exists on the foraging behavior and 
dietary composition of captive macaques (e.g., Take-
moto et al., 20051). A captive forested enclosure pro-
vides the opportunity to investigate in more detail how 
Japanese macaques utilize vegetation (variety of species 
and their food parts) in a semi-naturally forested enclo-
sure and what nutritional properties of this vegetation 
may affect their consumption of specific plant food 
items. Such a study also provides an opportunity to 
evaluate the possible benefits to monkeys in such an 
enriched enclosure environment by measuring the im-
pact of this extra source of nutrition on their activity 
budget (e.g., extension of feeding time) and the en-
hancement of dietary quality. 

In a previous study, Jaman and Huffman (2008) 
showed that Japanese macaques housed in a forested 
enclosure spent a nearly equal amount of time feeding 
on natural plant food items as they did on provisioned 
food. This had the effect of increasing the total time 
spent foraging to a proportion of the total activity 
budget spent feeding similar to that of Yakushima ma-
caques (Agetsuma and Nakagawa, 1998; Maruhashi, 
1980). Based on these results, we asked the following 
questions, while monkey chow may meet nutritional 
requirements for basic health maintenance and breeding: 

1) when given access to appropriate plant resources, 
will captive macaques consume a wide variety of plant 
items from diverse plant species consumed by their wild 
counterparts? 2) If so, will they ingest items based on 
the seasonal variability of nutritional content, i.e., con-
suming items with relatively higher amounts of crude 
protein, crude lipid and TNC, and relatively lower 
amounts of fiber? 

1  Materials and Methods 

1.1  Study subjects and facilities 
The study group, Wakasa-5 troop, of Japanese ma-

caques was captured from the wild in March 1974 and 
transported to the Primate Research Institute (PRI), 
Inuyama, Japan by institutional staff. All members of 
the present group were born and lived their entire lives 
together in an outdoor non-vegetated enclosure up until 
April 2004, when they were moved into a newly con-
structed 6400 m2 naturally forested enclosure. This was 
the group’s first exposure to a naturally vegetated envi-
ronment. 

At the beginning of this study in August 2005, the 
group consisted of 32 individuals. Due to births, there 
were 41 individuals by the end of the study in 2006.   
The enclosure was surrounded by a 2–3 m high fence.  
Inside were wooden platforms for climbing, resting and 
socializing. Three small ponds and one artificial narrow 
water flow provided drinking water. The macaques en-
tered the pools to play and cool off during hot summer 
months. 

We conducted this research in accordance with all 
national and institutional guidelines for the care and 
management of primates established by PRI. The re-
search proposal was reviewed and approved (Permit No. 
05-1319) by the Committee for Welfare and Ethics of 
PRI. 

1.2  Temperature recorded 
We divided our study period into four seasons for 

some data comparisons (summer: June – August, autumn: 
September – November, winter: December – February, 
and spring: March – May). Daily mean temperature fluc-
tuated significantly across seasons (Kruskal-Wallis: H = 
77.21, P <0.001, df = 3). The maximum temperature was 
recorded in summer (34.1 °C) and minimum temperature 

in winter (5.2 °C). 

                      
 Takemoto H, Onuma M, Yamauchi S, Chida T, Matsubayashi K, 2005. Tree bark consumption by Japanese macaques in a semi-natural enclosure.  In: 

Maintaining Coexistence between Monkeys and Their Vegetated Enclosures. Collaborative Research Report of the Center for Human Evolution Modeling 
Research, Primate Research Institute, Kyoto University & Tokyo University, Experimental Forest in Aichi, 89 – 100  (In Japanese, available on-line: 
http://www.pri.kyoto.u.ac.jp/ lpc/sarutomori/sarutomori.pdf). 
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1.3  Behavioral observations and focal sampling 
protocol 

We selected three individuals from each age-sex class, 
with 12 study subjects in total. We selected immatures 

(males ≤ 3 yrs.; females ≤ 2 yrs.) and adults (males 

> 5 years and females > 4 years) of similar ages of each 
sex, and all focal subjects across relative rank order and 
kinship, with no dependent offspring – mother pairs 
both as focal subjects. We collected 15 minute-focal 
samples (Martin and Bateson, 1993) using pen and 
notebook, over 12 months, beginning in August 2005 
until July 2006 (1152 focal samples, totaling 288 ob-
servation hours for the 12 subjects combined). As part 
of a larger study observing equal numbers of individuals 
in three different enclosures, we observed this troop 8 
days per month, one focal session per day for each focal 
subject (8 days×15 min×12 months × 12 focal subjects 
= 288 hours observation). We sampled all focal subjects 
equally across four day time blocks (early morning: 
07:00 – 09:30, late morning: 09:30 – 12:00, early after-
noon: 12:00 – 14:30 and late afternoon: 14:30 – 17:00), 
and for all months and seasons (see above). 

From the continuous focal animal samples, we cal-
culated the time engaged in each activity (see Jaman 
and Huffman, 2008). We recognized all individuals by 
their unique morphological characters and/or by a num-
ber system represented by tattooed dots on the face. 
When animals were feeding, we recorded the plant spe-
cies and part ingested. Food items were classified as leaf, 
fruit, nut, bark, bud, flower, twig, dead wood, and pro-
visioned foods. 

The support staff fed the group with monkey chow 
once a day between 09:00 – 11:00 and individuals could 
freely supplement this provisioned food with the natural 
vegetation within the enclosure (Jaman and Huffman, 
2008). Provisioned food was evenly dispersed within a 
fixed feeding area in the enclosure in an effort to limit 
food competition. During the study period, subjects re-
ceived monkey chow (daily), sweet potatoes and some 
other foods (wheat, peanut and bamboo shoots) received 
occasionally by PRI staff. Monkey chow is made com-
mercially (AS, Oriental Yeast Co. Ltd., Tokyo) to meet 
the basic nutritional requirements of primates (100 g of 
pellets contain 44.5 g soluble non-nitrogen matters, 28.2 
g crude protein, 9.5 g crude lipid, 8.2 g water, 2.5 g 
crude fiber and 2.5 g crude ash) as recommended by the 
manufacturing company. The nutritional value of sweet 
potatoes and wheat per 100 g is as follows: 20.1 and 
72.6 g carbohydrate, 1.6 and 13.7 g crude protein, 0.1 g 
and 1.9 g crude lipid, 3 g and 12.2 g dietary fiber, re-

spectively (USDA National Nutrient Data Base for 
Standard Reference, 2008). The amounts of these items 
given to Wakasa-5 were the same as that given to all 
other PRI groups (210 g/ individuals /day, regardless of 
age) without access to natural plant foods with the as-
sumption that this alone would provide them with a 
nutritionally balanced diet. The assumption is being 
re-accessed however by the institute’s primate care 
facility. 

1.4  Enclosure vegetation sampling 
We used a grid system previously established by Prof. 

H. Shibano and colleagues of Tokyo University’s Ex-
perimental Forest in Aichi to survey the vegetation of 
the enclosure. This grid system divided the enclosure 

into 256 quadrats (5m  5m each). Most of the plants 
occurred naturally inside the enclosure, though a few 
were planted. From 25 randomly selected quadrats we 
identified 42 species of plants including 29 trees, 6 
small trees, 5 shrubs and 2 climbers. 

1.5  Plant sample collection and processing for 
nutritional analysis 

For nutritional analysis, we systematically collected 
all plant items (bark, leaves and fruit, nuts; n=134 sam-
ples) from 11 identified species (9 trees, 1 shrub, 1 
climber) eaten by the monkeys. We collected the plant 
parts (bark, leaves, fruit, nuts) of their major plant food 
species during the months when they were eaten, as well 
as during months when they were not eaten, as a control. 
We collected one sample per plant part for each species 
of plant per month they were used by the monkeys, in 
all months when they were available. We selected these 
11 species based on a preliminary study and previous 
casual observations by HT, MFJ, staff and other re-
searchers on the feeding habits of this group during its 
habituation process to the enclosure. At the end of this 
study, we found that these 11 species were equitably 
distributed within the top 16 most eaten plants, ac-
counting for 75% of the total time spent feeding on 
plant foods. We isolated the edible parts of each plant 
and measured 100 g fresh weight using a digital scale 
immediately after collection. 

We kept measured samples in individual beakers and 
put them in a vacuum oven at 40°C. We repeatedly 
measured these beakers several times daily until the 
weight became constant. We kept all of the dried sam-

ples at 80℃ for a minimal amount of time to com-

pletely remove moisture, being careful not to affect nu-
tritional content with prolonged exposure to the heat (sic. 
Nakagawa, 1997). When fully desiccated, we ground 
each sample in an electric mill, pre-cleaned each time 
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with alcohol, and kept the powder in a tightly sealed 
plastic tube at room temperature until we performed the 
nutritional analysis. 

1.6  Nutritional analysis 
We measured macronutrients (crude protein, crude 

lipid, NDF, crude ash) and calculated total non-structural 
carbohydrate (TNC) and total energy values, to evaluate 
the effect of nutrient composition and its seasonality on 
the consumption of plant foods. 

We analyzed crude protein by the macro-Kjeldahl 
method via quantification of nitrogen with a Cu catalyst 
(Cunniff, 1996). We used a ‘Turbotherm’, type TT 12/M 
and ‘Vapodest 10’ for crude protein extraction (C. 
Gerhardt GmbH & Co KG). After nitrogen quantity was 
obtained via titration, we calculated crude protein using 

the formula: crude protein = N  100/16 (Maynard and 
Loosli, 1969). 

We analyzed crude lipid with diethyl-ether extract by 
soxhlet extraction (Soxtherm/Multistat© Gerhardt SE-412). 
To extract the crude lipid, we placed a beaker with the 
sample in a vacuum incubator at 60 °C until the weight 
became constant. We kept the remaining crude lipid free 
part in a desiccator and later used it for the analysis of 
neutral detergent fiber (NDF). NDF gives an estimation 
of the total amount of cell wall present in the sample 
and was examined following the method of Van Soest et 

al. (1991). We determined crude ash by ashing at 550℃. 

We analyzed each sample two to three times using each 
method. The average value was used for each plant 
sample (Iwamoto, 1982) and the mean value for each 
sample was calculated. The C.V. (coefficient of varia-
tion: sn-1/mean) of the measurements was about 3%. 

We calculated the available TNC as follows: 100% 

－ (% crude protein + %crude lipid + %crude ash + 

%NDF per food item). Based on the dry matter we es-
timated gross energy of foods via standard conversion 
factors. For TNC, crude protein and crude lipid of each 
food item we used the conversion factors 4.1, 5.6 and 
9.4 kcal /g, respectively (cf National Research Council, 
2003) and for NDF used 0.543×3 kcal /g (Conk-
lin-Brittain et al., 2006). 

1.7  Data analysis 
While the data set was equally distributed among all 

focal subjects, across time of day and seasons, it failed 
tests of normality (i.e., Kolmogorov-Smirnov, P<0.05) 
and thus all tests were non-parametric. We considered 
combining the nutritional data of fruit and nut items 
together because the number of nut bearing species in-
gested by the macaques (n = 4) was too small for inde-
pendent statistical analysis. To address this problem, we 

found that nutritionally, only crude lipid values varied 
significantly, with levels being higher in fruits than in 
nuts ingested by the monkeys (Mann-Whitney test: U = 
49.0, P = 0.003, nfruit = 27 samples, nnut = 10 samples).  
For this reason, we combined fruits and nuts into one 
category for all statistical analysis. 

We used the Wilcoxon Signed Ranks test to test the 
differences in time spent feeding on provisioned vs. 
natural plant food items and to compare the mean dif-
ferences in nutrient content and total energy (kcal) be-
tween ingested and non-ingested plant items. We also 
used a Friedman test to examine seasonal variation of 
the number of plant species used for their plant parts in 
the diet across seasons and to assess the mean variation 
in macronutrients (percent dry weight) and total energy 
across seasons. We performed pair wise comparisons by 
data ranks (cf. Siegel and Castellan, 1988). Statistical 
significance was set at P<0.05. Bonferroni correction 
was done for the adjustment of alpha values in all mul-
tiple comparisons. All data were analyzed using SPSS 
(version 13.0). 

2  Results 

2.1  Food items and feeding behavior 
From the total observation time (288 hr), the mon-

keys spent 27.1 % of their time foraging (searching for 
and ingestion of food combined), from which 18.9% 
was spent in actual food consumption. Monkeys spent 
nearly equal amounts of time feeding on provisioned 
(10.0%, 29.0 hr) and natural plant food items (8.9%, 
25.5 hr; with 20.2 h feeding on the identified species 
listed in Table 1; 5.3 hr unidentified grasses), and the 
time spent feeding on these two sources did not differ 
significantly (Wilcoxon Signed Ranks test: Z = 0.71, P 
= 0.48, n = 12 individuals). 

Wakasa-5 macaques used 23 species out of 42 identi-
fied plant species in the 25 sampled quadrats of the en-
closure (21 trees, 1 shrub and 1 climber) as food during 
the study period (Table 1). All but two of the 23 identi-
fied plant food species, Phytolacca americana and Ai-
lanthus altissima, are plant foods of Japanese macaques 
in the wild. P. americana is an introduced species to 
Japan, and thus not likely to be found in most natural 
habitats of the Japanese macaque. One additional wild 
Japanese macaque food species found in the enclosure, 
Castanea crenata (Fagaceae) was observed being eaten 
by group members, but not during focal observations 
and thus could not be included in the analyses below. 

From total time feeding on identified plant parts, 
nearly equal amounts of time were spent feeding on  
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Table 1  Profile of food items ingested by Japanese macaques in the forested Wakasa-5 troop enclosure of PRI 

Provisioned food    
Feeding 
time (min) 

% of time spent feeding 

Monkey chow    1409.3 81.0        

Sweet potato    279.4 16.1        

Wheat    40.5 2.3        

Peanut    6.7 0.4        

Bamboo shoot    4.1 0.2        

Total    1740.0         

      Food item (% time feeding/ individual) 

Identified plant 
food species 

Family 
Wild 
monkey food

Life form
Feeding 
time (min) 

% Leaf Fruit Bark Nut Twig Flower
Dead 
wood 

*Eurya japonica THEACEAE Yes Tree 306.0 25.3 5.0 17.6 2.5   0.1  
*Quercus glauca FAGACEAE Yes Tree 210.1 17.4 9.6  3.4 4.0 0.3   
*Cleyera japonica THEACEAE Yes Tree 202.1 16.7 4.3 10.0 2.2   0.2  

Prunus sargentii ROSACEAE Yes Tree 109.0 9.0 4.8 2.5 0.9   0.8  

Pinus sp. PINACEAE Yes Tree 72.9 6.0 0.5  4.5    1.1 
*Quercus acutissima FAGACEAE Yes Tree 64.6 5.3 3.9  0.4 0.2 0.9   
*Cinamomum 
camphora 

LAURACEAE Yes Tree 57.6 4.8 2.8  1.9     

Quercus variabilis FAGACEAE Yes Tree 45.3 3.7 2.0  1.2 0.6    

Ligustrum japonicum OLEACEAE Yes Tree 29.2 2.4 2.4       
*Photinia glabra ROSACEAE Yes Tree 23.2 1.9 0.6 0.8   0.4 0.2  
*Pueraria lobata LEGUMINOSAE Yes Climber 18.9 1.6 0.6 0.5 0.1   0.3  

Quercus 
myrsinaefolia 

FAGACEAE Yes Tree 17.8 1.5 0.1  0.3 1.1    

*Phytolacca 
americana 

PHYTOLACCACEAE No Shrub 12.6 1.0  1.0      

*Quercus serrata FAGACEAE Yes Tree 11.7 1.0 0.6  0.4     

Meliosma rigida MELIOSMACEAE Yes Tree 6.2 0.5  0.5      
*Ailanthus altissima SIMAROUBACEAE No Tree 5.2 0.4 0.4  0.1     

Aphananthe aspera ULMACEAE Yes Tree 4.0 0.3 0.3       

Ligustrum lucidum OLEACEAE Yes Tree 3.6 0.3 0.1 0.2      

Mallotus japonicus EUPHORBIACEAE Yes Tree 2.3 0.2   0.1     

Quercus aliena FAGACEAE Yes Tree 2.3 0.2   0.2     
*Clethra barbinervis CLETHRACEAE Yes Tree 2.2 0.2  0.2      

Lyonia ovalifolia ERICACEAE Yes Tree 2.2 0.2  0.2      

Ilex macropoda AQUIFOLIACEAE Yes Tree 1.5 0.1  0.1      

n = 23 species    1210.2 100.0        

Percentages of time spent feeding on each food item across species was calculated based on sum of the feeding time (min) on all provisioned and 
identified plant species. * Species analyzed for nutritional content and estimated energy (kcal).  Wild monkeys’ plant food references: Izawa and 
Nishida (1963); Nakagawa (1989); Ichiki et al. (1983); Huffman (1984); Yokota (1989); Maruhashi (1980); Hill (1997); Hanya (2004b). 
 

fruit/nut (39.5%) and leaves (38%), followed by bark 
items (18.2%) (Table 1).  Smaller amounts of time 
were spent feeding on twigs (1.6%), flowers (1.6%) and 
dead wood (1.1%). Among the time spent feeding on 
natural vegetation reported above, 5.3 hr were spent on 
the ingestion of small herbs and grasses.  Feeding time 
on these unidentified plants was excluded from the later 
analysis unless otherwise noted, as identification to spe-
cies of those plants was not possible and we could not 

collect sufficient sample material for nutritional analysis.  
These items represented a substantial part of the diet, 
mainly however only in the spring and summer months. 

2.2  Seasonal variation of diet composition 
We examined seasonal fluctuation of plant food items 

and number of plant taxa in the diet (Fig. 1). We found 
that the number of plant food species foraged on (by 
plant part) differed significantly across seasons (Fried-
man test: bark, χ2 = 10.32, df = 3, P = 0.016; fruits/nuts, 
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χ2 = 21.36, df = 3, P < 0.001 and leaves, χ2 = 21.25, df 
= 3, P < 0.001). Pair wise comparison based on rank 
data showed that macaques consumed more bark spe-
cies in summer than the other seasons (P values were 
same for each comparison; P<0.0125), more fruit/nut 
species during summer and autumn than winter and 
spring (P values were same for each comparison; P 
<0.0125) and more leaf species in spring and summer 
than autumn and winter (P values were same for each 
comparison; P <0.0125; Fig. 1). These results show that 
the number of plant species and their parts in the diet 
changed seasonally. 

 

Fig. 1  Seasonal variation of plant food items and diversity of 
plant taxa in the diet of all subjects 
Statistical significant in pair-wise comparison, *P < 0.05. 

 
2.3  Comparison of nutrients in plant food items 
in months when they were ingested and months 
when they were not 

Nutrient content of consumed food items varied 
across plant species and their parts (Table 2). Further-
more, consumed plant food items showed seasonal 
variation of nutritional properties and total energy con-
tent (Fig. 2a-f). Of the eleven plant species nutritionally 
analyzed (Table 2), four representative food species, 
accounting for 80.1% (12.4/15.2 hr) of total time spent 
feeding on the eleven species (or 61.3%, 12.4 hr/20.2 hr 
of total feeding time spent on all 23 species; Table 1) 
were used to evaluate nutritional properties of food 
items in relation to their monthly dietary consumption 
patterns. The species were Eurya japonica, Quercus 
glauca, Cleyera japonica, Photinia glabra. The re-
maining seven species accounted for only 14.3% of the 
total feeding time (range: 0.2% –5.3%, Table 1). 

For ingested bark items, the amount of crude lipid 
was significantly lower, while NDF, TNC and total en-

ergy was significantly higher during months when they 
were ingested, than in those when they were not in-
gested (Wilcoxon Signed Rank test: Z = 2.76, P = 0.006, 
n = 11 food items; Z = 2.31, P = 0.021; Z = 2.93, P = 
0.003; Z = 2.22, P = 0.026, respectively; Fig. 3a, c).   
In leaves, crude protein and the crude protein to NDF 
ratio, TNC and total energy were significantly higher in 
months when they were ingested, than in those when 
they were not ingested (Z = 2.60, P = 0.009, n = 10 
food items and Z = 1.99, P = 0.047; Z = 2.80, P = 

0.005; Z = 2.80, P = 0.005, respectively; Fig. 3ac).  
Furthermore, leaves contained a significantly lower 
amount of NDF in months when they were ingested 
than in those that they were not ingested (Z = 2.70, P = 
0.007, n = 10 food items; Fig.3a). In fruit/nut items, the 
amount of crude protein and TNC were significantly 
higher (Z = 2.02, P = 0.043, n = 5 food items and Z = 
2.02, P = 0.043, respectively) and crude lipid was sig-
nificantly lower (Z = 2.02, P = 0.043, n = 5 food items) 
during the months when they were ingested than during 
the months when they were not (Fig. 3a). The amount of 
crude lipid in fruit could be slightly biased for some 
months however, as ripe fruits were not available for 
analysis. We would expect lipid content to be higher in 
ripe fruits. 

3  Discussion 

3.1  Overall effect of natural vegetation on for-
aging behavior 

Regardless of the nutritionally high quality provi-
sioned diet, the group spent approximately half of its 
total feeding time, twice the amount of feeding time of 
other groups housed in non-vegetated enclosures at PRI, 
ingesting naturally available plant food items (Jaman 
and Huffman, 2008). Like Japanese macaques in the 
wild (Agetsuma and Nakagawa, 1998; Hill, 1997), the 
study group utilized a diverse range of plant species and 
plant parts, displaying flexible feeding behavior in re-
sponse to differences of nutritional composition and 
total energy of food items during the months when they 
consumed than in the months those items were not con-
sumed. It is interesting to note the group accomplished 
this within only 16 months of being moved into their 
new environment prior to the onset of this study. It is 
possible that some other species were ingested by the 
group but not detected in our study because of the li-  
mited amount of observation time on the group; how-
ever, this does not detract from the importance of our 
findings. Among the 42 identified plant species in the 25 
sampled quadrats of the enclosure, 39 are known plant 
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Table 2  Macronutrient contents and energy of the plant food items (mean and standard deviation) repeatedly sampled in each months 
when available (values calculated from dry weight) 

Mean % (SD) 
Species names 

Plant parts 
(sample size) Protein Lipid NDF Ash TNC 

Energy Kcal/100 g 
dry weight (SD) 

Eurya japonica Bark (n =11) 2.71 (1.13) 2.56 (0.26) 68.51 (3.36) 4.84 (0.35) 21.39 (3.75) 238.5 (8.5) 

Quercus glauca Bark (n =7) 2.78 (0.69) 1.36 (0.12) 61.88 (2.64) 6.30 (0.32) 27.68 (3.19) 242.6 (5.1) 

Cleyera japonica Bark (n =11) 2.14 (0.77) 1.59 (0.29) 74.67 (2.16) 5.47 (3.45) 16.13 (4.6) 214.7 (17.1) 

Photinia glabra Bark (n =2) 2.1 (0.41) 2.2 (0.41) 66.1 (0.41) 4.91 (0.54) 25.84 (0.62) 246.0 (0.3) 

Mean   2.43 1.93 67.79 5.38 22.76 235.5 

Eurya japonica Fruit (n =7) 5.13 (1.70) 6.82 (3.26) 47.80 (9.52) 4.23 (0.53) 36.03 (9.9) 318.4 (28.7) 

Quercus glauca Nut (n =5) 3.50 (1.19) 1.57 (0.69) 65.43 (10.37) 3.00 (1.07) 26.5 (9.94) 249.6 (18.6) 

Cleyera japonica Fruit (n =8) 4.03 (1.03) 3.81 (2.29) 39.35 (10.07) 3.42 (0.48) 49.39 (9.24) 325.0 (35.5) 

Quercus acutissima Nut (n =3) 5.44 (1.08) 2.40 (0.48) 73.97 (3.79) 1.86 (0.15) 16.33 (2.88) 240.4 (11.7) 

Photinia glabra Fruit (n =8) 10.62 (2.99) 9.56 (3.48) 58.94 (17.41) 4.75 (0.79) 19.89 (13.31) 320.7 (54.3) 

Quercus serrata Nut (n =2) 3.77 (1.93) 0.63 (0.02) 56.74 (6.66) 4.38 (0.97) 34.49 (7.61) 260.8 (9.7) 

Pueraria lobata Fruit (n =1) 15.55 1.46 64.78 8.27 9.95 247.1 

Phytolacca americana Fruit (n =1) 13.38 9.57 53.95 5.50 17.61 325.0 

Cethra barbinervis Fruit (n =2) 3.89 (0.64) 2.89 (1.28) 60.26 (6.97) 5.51 (0.48) 27.46 (5.52) 259.7 (26.9) 

Mean   7.26 4.3 57.91 4.55 26.4 283.0 

Eurya japonica Leaf (n =12) 7.39 (1.07) 4.40 (1.92) 41.44 (7.05) 6.94 (3.93) 39.83 (9.7) 313.6 (31.9) 

Quercus glauca Leaf (n =11) 9.99 (0.89) 4.05 (0.61) 53.07 (12.44) 5.00 (1.10) 27.88 (12.53) 294.8 (32.8) 

Cleyera japonica Leaf (n =12) 5.63 (1.04) 4.40 (1.59) 39.26 (13.36) 5.27 (1.77) 45.44 (11.73) 323.1 (32.9) 

Cinamomum camphora Leaf (n =11) 9.84 (1.85) 5.36 (0.40) 59.51 (11.70) 5.25 (0.79) 20.04 (11.63) 284.6 (28.8) 

Photinia glabra Leaf (n =11) 5.95 (1.38) 4.95 (1.09) 47.17 (5.06) 3.91 (0.60) 38.01 (5.61) 312.6 (16.2) 

Pueraria lobata Leaf (n =8) 20.48 (5.54) 4.00 (0.92) 54.92 (11.15) 9.36 (2.74) 14.99 (9.11) 303.2 (18.7) 

Ailanthus altissima Leaf (n =1) 2.80 3.02 46.28 8.50 39.4 281.0 

Mean   8.87 4.31 48.81 6.32 32.23 301.8 

NDF: neutral detergent fiber; TNC: total non-structural carbohydrate. 

 

Fig. 2  Seasonal variation of mean macronutrients, protein / neutral detergent fiber (NDF) ratio and total energy (kcal) calculated 
in all macronutrients of major food items ingested 
*P < 0.05. Star mark indicates differences of contents seasonally for the same food part. Food items were repeatedly sampled each month of the 
study period, when available. Leaf: summer (n =16), autumn (n =18), winter (n =16) and spring (n =16) and fruits/nuts: summer (n=10), autumn (n 
=18) and winter (n =9); bark: summer (n =8), autumn (n =9), winter (n =7) and spring (n =7). 
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Fig. 3  Comparison of mean macronutrient properties, CP/NDF and total energy in plant food items (bark, n = 11; Leaf, n = 10 
and fruit/nut, n = 5) in months when they were ingested and in months when they were not ingested 
*P < 0.05, ** P < 0.01, ns – not significant. CP - crude protein, CL – crude lipid, TNC – total non-structural carbohydrate, NDF – neutral detergent 
fiber. The total energy calculated from 100 g dry weight of samples. 

 
foods of Japanese macaques in the wild (Hanya, 2004b; 
Hill, 1997; Huffman, 1984; Ichiki et al., 1983; Izawa 
and Nishida, 1963; Maruhashi, 1980; Nakagawa, 1989; 
Yokota, 1989). A breakdown of the total time spent 
feeding on the main plant food items of 23 different 
naturally available species, shows that Wakasa-5 group 
in the forested enclosure displayed great flexibility in 
food consumption based on nutritional criteria of the 
food items and they also showed similar patterns of 
feeding behavior reported for their counterparts in the 
wild (Agetsuma and Nakagawa, 1998; Hanya, 2004b; 
Hill, 1997). Although this is a preliminary investigation 
and data analyzed here was part of that collected for a 
larger study, the evidence leads us to conclude that cap-
tive Japanese macaques housed in a semi-naturally for-
ested enclosure foraged on the vegetation based on its 
seasonal plant food species diversity and nutritional 

makeup, most notably for its protein and TNC contents. 

3.2  Effect of seasonality on dietary use 
The variation in consumption of fruit/nut and leaf 

items across seasons was related to the representation of 
those items by the number of plant taxa, particularly 
leaves in spring, a time when fruit/nut items were scarce 
and also in summer when there are many leaf item food 
species, and fruit/nut items in the hotter months of 
summer and autumn when they were more abundant.  
At Yakushima, temperature was also reported to affect 
seasonal variation of the Japanese macaque diet (Hanya, 
2004b); fiber-rich herbaceous roots or herbs were eaten 
by macaques in colder months when energy rich high 
quality foods were not available, a strategy proposed by 
Nakagawa (1989) to keep their energy intake constant.   

Wakasa-5 Japanese macaques consumed fruit/nut 
items higher in energy from a greater number of plant 
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species when they were more in number in summer and 
autumn, supplementing their intake of monkey chow 
with more energy. In the wild, Japanese macaques con-
centrated their foraging activity on energy-rich foods 
(e.g., fruits and seeds) of particular species for short 
periods in late summer and autumn (see Hill, 1997; 
Maruhashi, 1980), in order to maximize their energy 
intake from fruits and seeds (Iwamoto, 1982). Wakasa-5 
group consumed leaf and bud items when a greater 
number of plant species produced those food items in 
spring and summer (see Fig. 1). Consumption of bark 
by our studied captive group throughout the year is ex-
ceptional compared to the bark eating behavior of Japa-
nese macaques in the cool-temperate regions reported 
by Nakayama et al. (1999). They found that Japanese 
macaques in the temperate forest in the north-western 
part of Shimokita Peninsula obtained two to five times 

more energy in autumn (374.5 – 2749.2 kcal day1) than 

in winter (144.4 – 721.8 kcal day1). In captivity, mon-
keys get a certain amount of high energy provisioned 
foods on a regular basis and supplement this with some 
energy from a limited number of plant species; albeit 
small compared to the diet of wild monkeys (Agetsuma 
and Nakagawa, 1998; Hill, 1997). In winter, when nu-
trients in some food species are high (fruit/nut), enclo-
sure monkeys nearly finished all of them before they 
could ripen due to the insufficient number of fruiting 
trees. This might be the reason why the captive group 
tended to consume bark throughout the year. It was clear 
that the number of food items in the diet of monkeys 
varied with seasonal fluctuations of the number of plant 
species bearing those plant food items in the forested 
enclosure. These results indicate that when given the 
opportunity to access diverse plant foods across seasons, 
captive monkey will pursue a much more varied diet 
and spent more time in feeding as nutritional quality of 
the seasonal foods determine their feeding time (Iwa-
moto and Dunbar, 1983). 

3.3  Nutrient content and food consumption 

Our nutritional data showed that bark contained more 
energy during the months when those items were eaten 
than in those months they were not eaten. Leaf items 
contained more crude protein, crude protein-to-NDF, 
TNC as well as total energy and fruit/nut items con-
tained more crude protein and TNC during the months 
when those items were eaten than in those months they 
were not.  Leaf food consumption by Wakasa-5 group 
based on nutritional properties was consistent with the 
studies of leaf items only in wild primate species (Fash-
ing et al., 2007; Hanya et al., 2007; Takemoto, 2003).  

Nutritional data of bark food items are still lacking in 
the studies of wild Japanese macaques. Our study found 
that Japanese macaques consumed bark items that con-
tained higher amounts of energy in months when they 
were eaten than when they were not eaten. They tended 
to avoid bark and fruit/ nut items when their crude lipid 
content was high. This seems counter-intuitive as lipids 
are a source of energy and composed of some essential 
fatty acid. This trend, however, may be due to the fact 
that crude protein intake acts as a leverage against the 
fluctuation of other nutrients such as crude lipids and 
TNC in the diet (Felton et al., 2009). Chimpanzees and 
lemurs selected fruits when those items contained high 
amounts of carbohydrate as well as lipid and low 
amounts of crude protein (Wrangham et al., 1991; Ya-
mashita, 2008). This is expected as pulpy fruits nor-
mally contain high amounts of carbohydrate that can 
provide energy (Wrangham et al., 1991). These kinds of 
fruits were not available in the forested enclosure of 
Wakasa-5, but the monkeys showed a similar tendency 
to consume fruit/nut items when they contained more 
TNC. Our results on fruit/nut nutrition, however, are 
preliminary and should be treated with caution since we 
were unable to analyze the nutritional content of those 
fruits when they were eaten ripe; though these trends are 
accurate for those fruits when they were readily eaten 
unripe in the summer months. Further long-term study 
will be needed to confirm or refute this result. 

Hanya et al. (2007) reported that Yakushima ma-
caques tended to choose leaves that contained high 
crude protein and a high protein-to-NDF ratio. We 
found that Wakasa-5 macaques consumed leaf items in 
months when they contained higher amounts of crude 
protein, TNC, crude protein to NDF ratio and total en-
ergy content, than in months when they were not eaten.  
Most closely mirroring trends reported for wild primates, 
including macaques (Hanya et al., 2007; Oates et al., 
1980; Takemoto, 2003; Wrangham et al., 1991; Yeager 
et al., 1997) was the tendency for Wakasa-5 group 
members to consume plant food items that contained 
high amounts of crude protein, high crude pro-
tein-to-fiber ratio and a high amount of TNC. This may 
be a strategy to increase energy intake as plant food 
items in the enclosure provided extra protein and TNC 
that might influence monkeys to allocate more time to 
feed on them. This raises the possibility that the provi-
sioned diet, while high in basic nutritional value, does 
not always provide each individual with everything it 
may require at critical periods of development or re-
productive state. 
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