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Gastrointestinal helminth parasitism among Japanese
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Parasites are ubiquitous in nature, but we still lack a basic understanding of the natural
processes underlying infection dynamics and how these organisms may affect wild primate health
and behavior. In this study, Andrew Maclntosh used an integrative approach to investigate
interactions between Japanese macaques (Macaca fuscata ssp.) and their gastrointestinal nematode
parasites. To examine variation in infection patterns across individuals, the number of eggs per
gram of feces of 5 parasite species observed among 434 fecal samples collected from macaques on
Yakushima Island between October 2007 and August 2008 were calculated. The data suggest that
Oesophagostomum  aculeatum, Strongyloides fuelleborni and Trichuris trichiura, all
directly-transmitted and potentially pathological parasites, may be regulated by host immunity
because infections 1) peaked among juveniles and declined with age thereafter, and 2) were
mediated by host sex and reproductive state. Conversely, the patterns of infection with the
trophically-transmitted Streptopharagus pigmentatus and Gongylonema pulchrum, which may not
cause serious pathology, are not suggestive of immune regulation because infections increased with
age following host sexual maturity and did not vary with host sex or reproductive state. These
patterns suggest that Japanese macaques may respond differently to each of their nematode
parasites, which may exhibit differential fitness costs with infection. By examining the mechanisms
that may underlie infection dynamics, it was demonstrated that insight into the co-evolutionary
histories between primate hosts and each of the parasites that infect them can be gained.

In addition to fecal sampling, behavioral observations to determine whether increasing
parasitic infection was associated with changes in macaque behavior indicative of health
impairment were conducted. Stress and disease can be associated with increased behavioral
stereotypy, so the autocorrelation dimension of individual behavior using detrended fluctuation
analysis to determine the complexity with which behavioral sequences were performed was
examined. The analysis showed that clinical signs of health impairment, increasing intensity of
infection with O. aculeatum, reproductive activity, and low dominance status were all associated
with reductions in the sequential complexity of behavior sequences. These results suggest that
complexity loss in animal behavior is characteristic of individuals in impaired or ‘stressed’ states,
and that nematode infection may be involved in such changes. That S. pigmentatus infection was
not associated with complexity loss suggests that O. aculeatum may pose a greater health risk to
Japanese macaques on Yakushima. Because complexity is adaptive, allowing animals to cope with
changing ecological conditions, complexity loss and increased stereotypy may represent another
fitness cost of infection with certain parasitic organisms, in addition to other stressors.

Because infection is costly, vertebrates employ behavioral counter-strategies to parasitism.
For example, self-medication involves the ingestion of plant items containing antiparasitic
compounds. A meta-analytical approach was used to examine potential interactions between
Japanese macaques, their plant food items, and their parasites. A generalized linear model showed
that the proportions of plant items with antiparasitic properties consumed by 10 populations of
macaques increased with relative parasitic challenge, as measured by nematode species richness,
but not latitude. No relationship existed between parasitic challenge and the proportion with which
macaques consumed other medicinal plant items without antiparasitic properties. These data link
the feeding behavior of Japanese macaques to parasitic infection. Meta-analysis of the database
highlights plant food items potentially relevant to such host-parasite interactions with the aim of
stimulating future research concerning this possibility. It is argued that studies in feeding ecology
will benefit from incorporating the potential for such tri-trophic interactions into our models.
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