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Introduction

Many primate socioecological studies have revealed that food conditions affect the
social relationships between adult females. Although the infancy is the significant
period that develops the social relationships, the effect of food conditions on social
relationships of infants is unknown. During weaning, infants need to develop co-feeding
relationships with group members. Compared with adults, infant primates prefer foods
that are easy to access and process; thus, their mothers may not always be suitable
co-feeding partners. Regional differences in food conditions exist among habitats of
Japanese macaques (Macaca fuscata), especially in winter. Infants need to eat solid
foods before the onset of winter. In this study, | compared between the northern (41°N,
Shimokita) and southern limits (30°N, Yakushima) of their distribution. In Shimokita, a
region covered with deciduous forests and snow, macaques feed on bark, dormant buds,
and sedges. In the lowland Yakushima, which is covered with evergreen forests,
macaques can feed on leaves and fruits even during winter. This study aimed to provide
a comprehensive examination of the physical properties that influence food selection by
infants. Furthermore, the influence of habitat differences on suckling and feeding
behavior and co-feeding relationships of infants were also investigated by comparison

between sites.



Methods

Four mother—infant pairs were studied in Shimokita and Yakushima during winter. |
simultaneously followed an infant and its mother. Their activities, the distance between
them, and the individual within 2 m of the focal animal were recorded. The size, need
for processing, and height of food items were recorded by direct observation, whereas
the fracture toughness of food items was measured using a rheometer. In addition, the
crown sizes and densities of the food trees were recorded by a vegetation survey. |
examined the effects of 4 physical properties (i.e., food size, need for processing, height,
and fracture toughness) on the dietary differences of mothers and infants by using
generalized linear mixed models. Following this analysis, | calculated food physical
property scores (FPS) based on the abovementioned physical properties, weighting by
the degree of infants’ preference, in order to comprehensively evaluate the degree of

difficulty in accessing and processing food items for infants.

Results

Compared to mothers, infants at both sites fed more frequently on items that could be
eaten in a single bite, at lower positions in trees, and that did not require processing. In
addition, infants spent less time feeding on food items that were tougher than 2000 J/m?
than did their mothers. Infants in Shimokita spent more time in contact with the
mother’s nipple than did infants in Yakushima, and the average time spent feeding was
equivalent to that spent by their mothers. The ratio of time spent feeding on large food
items was higher in infants in Shimokita than those in Yakushima. Infants at both sites

spent more time apart from their mothers when the mothers fed on food items that were



more difficult to access or process (i.e., higher FPS). When infants were away from
their mothers, they fed mainly in close proximity to other infants and juveniles that fed
on food items that were easier to access or process (i.e., lower FPS) than the food items
eaten by their mothers. Compared to infants in Yakushima, infants in Shimokita spent
more time co-feeding with the mothers, and mothers fed more on food items that were
easy to access or process. When away from their mothers, the time spent co-feeding
with other infants was shorter in infants in Shimokita than those in Yakushima. The
density and crown size of food trees was lower and smaller in Shimokita than in

Yakushima.

Discussion

In both habitats, infants fed more frequently on food items that were easy to access or
process because of the low physical ability compared with that of their mothers. Such
food selection by infants reduces the costs of feeding and allows them to avoid falling
from high trees. The dietary difference in terms of food physical properties causes
separation between mothers and infants. When infants are separated from their mothers,
other infants that have similar physical abilities are important co-feeding partners in
terms of searching for food items and avoiding losing other group members. In addition,
infants that co-feed with other infants reduce the level of food competition because the
overall food requirement of infants is smaller than that of other age classes. Food
conditions in terms of not only the nutritional quality of foods but also the food physical
property (food size) were severer in Shimokita than in Yakushima. Under poor food

conditions and low temperatures (Shimokita), infants spent more time feeding and



suckling and tended to keep in close proximity to their mothers during feeding for their
survival. In addition, it was easier for infants in Shimokita than those in Yakushima to
co-feed with their mothers because of lower FPS of foods eaten by mothers. When
infants were away from their mothers, the smaller crown size of food trees in Shimokita

limited co-feeding with other infants.

Conclusion
In both habitats, the physical properties of food items affected food selection of infants.
The habitat differences (food conditions and the climate) affected the suckling and

feeding time, and co-feeding time spent with mothers and other infants.
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