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Providing insights into the dietary flexibility of the primates, much
attention has been devoted to understanding how primates meet
nutritional demand with low-quality foods. In contrast to high-
quality foods that are easily digestible and of high calorie, low-
quality foods typically contain much fiber which mammals cannot
digest by their own. Instead, mammals rely on the gut microbiome
to transform fiber into the absorbable nutrients through
fermentation. Despite the contributions of gut microbiome,
mechanism shaping primate gut microbiome remains obscure.
Such knowledge on primate gut microbiome can offer critical
perspective in understanding primate feeding ecology.

As a member of Hanya lab, I investigate the factors shaping gut
microbiome of Japanese macaques. Living at the northern limits
of the primate global range, Japanese macaques Macaca fuscata
inhabit the marginal habitat for the primates. Due to the seasonality
and low fruit production in the temperate forests, Japanese
macaques rely considerably on the low-quality foods. In some
areas, fiber-rich foods could make up as much as 45% of annual
feeding time of Japanese macaques. Considering their dependence
on fibrous foods relative to the tropical primates, Japanese
macaques and their gut microbiome may have co-evolved along
with the macaques’ expansion across the Japanese archipelago.

With supports from more than 20 researchers, I examined and
compared the gut microbiome of 19 macaque populations (Fig
A), aiming to clarify the relative role of host genetics, geography,
and diet (forest type, season and reliance on anthropogenic
foods) in shaping the macaque gut microbiome. While we found

the macaque gut microbiome are generally population-specific
(Fig B), forest type, season, and crop reliance significantly
influence the composition, implying a close link between diet
and gut microbiome (Fig C). With a flexible gut microbiome,
Japanese macaques may sustain using more fibrous diet, thus
able to expand from tropics to temperate forests throughout the
Japanese archipelago. Firmicutes/Bacteroidetes ratio (indicator
for fermentative ability) as well as the relative abundance of
Cyanobacteria and chloroplast (indicator for fiber intake) are found
significantly higher in wild macaque populations that do not rely
on crops, suggesting that the macaque gut microbiome adapt to
high fiber intake by becoming more efficient in fermentation.

To link the exact diet intake, gut microbiome composition
and fermentative ability, we are currently analyzing for the
seasonality in the macaque gut microbiome. In addition to the
year-round behavioral observation and meta-16s rRNA analysis,
we directly measured the fermentative ability by conducting in
vitro fermentation assay: fresh feces of Japanese macaques were
collected monthly, then fermented with leaf powder (representative
of high fiber food) or monkey pellet (representative of low fiber
food) for 24 hours. We will compare the microbiome before and
after fermentation to understand the vital microbes for fermentative
ability, while also understand how gut microbiome help macaques
to buffer against food-scarce season. Understanding of macaques’
gut microbiome will not only offer basic information to the
feeding ecology of Japanese macaques but also provide insights to
primate’s radiation from tropical to temperate regions.
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Okazaki Y, Nakano S, Toyoda A, Tamaki H (2022) Long-read-resolved, ecosystem-
wide exploration of nucleotide and structural microdiversity of lake bacterioplankton
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Obayashi N, Iwatani Y, Sakura M, Tamotsu S, Chiu M-C, Sato T (2021)
Enhanced polarotaxis can explain water-entry behaviour of mantids infected with
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