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Innovation of Non-Invasive Endocrine Assays for Primates in the Wild
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In this thesis, the applicant, Keiko Mouri, presents her non-invasive methods developed to mon
itor the reproductive status and endocrine changes of female primates in the wild. Since steroid
hormones are excreted in both urine and feces, measuring these in excreta is an effective way
to monitor endocrine status. However, the metabolic mechanisms can vary among primate spec
ies, steroid hormones, and excreta types. Hence, it is necessary to validate whether the profiles
measured in feces and urine accurately reflect the reproductive status and endocrine changes i
n each species. Moreover, the challenge of stably storing samples arises in remote sites where
the utilization of electrical equipment for sample storage can be impractical. Thus, the applican
t investigated practical methods for monitoring the reproductive status of wild female primates
using samples from captive Japanese macaques and chimpanzees, to validate protocols.
First, enzyme immunoassays (EIAs) for estrogen and progesterone metabolites (EiC, E;G, and
PdG), and adrenal androgen (DHEAS) in Japanese macaques were developed. For fecal sample
extraction, aqueous reagents that reduce complex extraction steps were used as extraction reage
nts instead of volatile organic solvents. The results revealed that fluctuations in E;C and PdG i
n extracts using aqueous reagents were consistent with those using volatile organic solvents, in
dicating that the profiles showed typical ovulatory cycles and pregnancies. Moreover, it was fo
und that E;G levels in excreta just before parturition increased significantly, suggesting that the
increase of E;G serves as an indicator of parturition in Japanese macaques. The changes in D
HEAS were measured in blood, urine, and feces after administering DHEAS to examine the rel
ationship between blood and excreted DHEAS. The results demonstrated a significant correlatio
n between DHEAS levels in blood and excreta, affirming that measuring DHEAS in excreta is
a valid alternative for blood samples. In addition, the method for the long-term storage of chi
mpanzee urine samples was developed by drying them on filter papers without freezing. The c
omparison of E;C, PdG, and E;G concentrations in frozen urine and dried urine on filter paper
showed a significant correlation between both storage methods, resulting in accurate estimation
of the day of ovulation and detection of pregnancy. Chorionic gonadotropin was detected in d
ried urine, indicating protein hormones can also be preserved on filter papers over extended pe
riods of time.
Finally, these methods were used to examine reproductive status such as puberty, pregnancy, a
nd resumption of the ovulatory cycle post-parturition in long-term study sites of wild primates.
The applicant revealed the relationship between facial redness and reproductive status in wild J
apanese macaques, and long-term fluctuations in E;C levels before and after the timing of fem
ale dispersal and during maximal sexual skin swelling towards the next pregnancy from parturit
ion in wild bonobos. The applicant's research has been key to revealing the relationship betwee
n hormones and behavior in wild primates. The developed DHEAS EIA and filter paper preser
vation methods contribute to the elucidation of the endocrine status of wild primates during ad
olescence and post-menopause in the future.
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