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Abstract.  We attempted to elucidate female reproduction in long-tailed macaques (Macaca fascicularis). These monkeys 
have a non-seasonal menstruation cycle, which makes them suitable subjects for studies in a variety fields including medical 
science and regenerative medicine. We analyzed individual breeding data including time of menarche, start of regular 
menstruation, and first pregnancy. These three events are related to the maturation of female long-tailed macaques. All 
research subjects were female long-tailed macaques bred at the Tsukuba Primate Research Center. The study comprised 
45 females; we included time of menstruation, male-female cohabitation, and first pregnancy in their growth records. We 
extracted age and weight data relating to menarche, start of regular menstruation, and first pregnancy from these records. In 
the two years typically required from menarche to first pregnancy, the body weight increased by approximately 500 g (21% 
of the weight at menarche); it is clear that there is a significant physical change after menarche. Our findings suggest that 
female monkeys are not necessarily mature enough for pregnancy at menarche. Therefore, the use of the word “maturity” in 
terms of fecundity may be more accurate after the start of regular menstruation. This is what we term “adolescence” in the 
developmental process. Therefore, M. fascicularis monkeys are candidates for an animal model of human adolescence.
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Monkeys are essential study subjects for the rapid progression of 
medical science and regenerative medicine. Their anatomies, 

physiologies, and particularly their reproductive processes are similar 
to those of humans [1–3]. Monkeys also have a menstrual cycle 
and menarche. Of the more than 200 monkey species, macaques in 
particular are used because there has been a significant accumulation 
of their basic data [4]. Researchers have frequently reported the 
reproductive physiology of rhesus and long-tailed macaques; the 
menstruation cycle of rhesus macaques is 25.5–29.5 days [5], and that 
of long-tailed macaques is 29 ± 4 days [6]. Although the two species 
have similar menstruation cycles, rhesus macaques have a breeding 
season and long-tailed macaques breed throughout the year [7]. To 
achieve a better understanding of their differences and similarities, 
it is important to continue using these monkeys as study subjects. 
The Tsukuba Primate Research Center at the National Institute of 
Biomedical Innovation, Health, and Nutrition (TPRC) has a breeding/
maturing colony of long-tailed macaques. In the present study, we 
analyzed data to clarify the relationship between menarche and 
fertility in long-tailed macaques.

Sometimes, menarche indicates that a female is fully mature. By 

the time of the first menstruation, the development of a female’s 
genitals/reproductive organs and endocrine system is considered 
complete. From this perspective, menarche has been considered the 
indicator of maturity. However, the stabilization of the menstrual 
cycle after menarche takes time. Therefore, we hypothesize that 
although menarche suggests that a female has achieved a certain 
degree of physical development in terms of her reproductive organs 
and endocrine system, it does not necessarily indicate that she is 
fully mature.

The empirical data on sexual maturation in monkeys indicate 
that rhesus monkeys undergo endocrine changes based on their 
menstruation cycle [8]. Their average age at menarche is 29.8 months 
(ranging from 20 to 42 months) [9], and their menstrual cycles 
commence at 28–32 months of age [10]. However, there is little 
information about the age of long-tailed macaques at menarche or 
commencement of menstruation.

In the present study, we created a male-female cohabitation environ-
ment when a female showed signs of ovulation, and investigated 
the pair’s reproductive performance. This male-female cohabitation 
arrangement was based on the following study. When the levels of 
serum follicle stimulation hormone (FSH) in long-tailed macaques 
were monitored, the results suggested that in 60% of the animals, FSH 
increased 10–11 days after menstruation, and ovulation was observed 
1–2 days later. Therefore, the optimal cohabitation time was judged 
to be approximately 12 days after menstruation. Consequently, we 
initiated male-female cohabitation 11 days after menstruation, and 
allowed cohabitation to continue for 3–7 days [11].

Monkeys display a high level of cerebral activity; with regard 
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to reproduction, physical growth is a matter of course, but brain 
development cannot be ignored. The sexual behavior of immature 
primates is similar to that of mature animals [4, 12, 13]. Based on 
these earlier findings, it is thought that sexual/reproductive behavior 
is associated with social relationships. Whether the data for fully 
mature individuals are also applicable to immature individuals is 
debatable. In the present study, we analyzed and discussed the clear 
numerical reproductive data pertaining to a set of M. fascicularis 
females, taking into account psychological and sociological factors.

Some authors have asserted that body weight determines the start 
of puberty [14–17]. We propose that the simplest and most reliable 
means of evaluating the growth of long-tailed macaques is to monitor 
the variation in their body weight. Jayo et al. divided their animal 
subjects into the following age ranges: young (3.7–6.4 years), adult 
(6.5–10.5 years), and mature (10.5–22.0 years); their results revealed 
weight gain and changes to bone density [18]. In this manner, many 
researchers have used weight as an index for body development; 
however, an analysis of female menarche and the maturation process 
has not been carried out in long-tailed macaques. Around the time 
of menarche, female monkeys experience significant changes to 
their bodies. We assumed that females mature psychologically and 
physically from the time of menarche to pregnancy, and that the 
integrity of the reproductive system is retained during growth.

In rhesus monkeys, age and weight are related to puberty [19]. 
In the present study, we focused on age and weight at the time of 
menarche, the start of regular menstruation, and the first pregnancy.

First, we focused on the age at menarche of the long-tailed ma-
caques, because very little research has been carried out in this regard 
to date. We then determined the time between the start of menarche 
to the beginning of regular menstruation and first pregnancy.

Materials and Methods

Animals
The subjects comprised 45 adult female long-tailed macaques 

(Macaca fascicularis) that were born in the TPRC breeding colony. 
Each monkey was housed in a separate cage (0.5 m wide × 0.8 m 
high × 0.9 m deep; stainless steel mesh). Each cage was structured 
so that it could be easily connected to the cages on either side. The 
air in the breeding room was replaced 12 times each hour, and was 
maintained at approximately 25 ± 3°C and approximately 60% 
humidity (when the room was being cleaned, the humidity increased 
temporarily). The room was lighted for 12 h per day from 0700 h 
to 1900 h, and the monkeys were provided with fruit (100 g) and 
monkey chow (70–100 g). All subjects were fed the same amount 
each day. Water was made available ad libitum.

Experienced animal technicians inspected the monkeys daily for 
signs of menstruation or abnormalities. The health, appetite, bowel 
activity, and menstruation of the monkeys were monitored by animal 
technicians. The collected data were maintained on a computer. If an 
abnormality was found in a monkey (e.g., in terms of health, appetite, 
fecal condition and/or menstruation), the monkey was examined and 
treated by a veterinarian.

At the TPRC, the infant-rearing program is designed so that each 
monkey develops normally. After weaning at 5–6 months, the infants 
are placed in a peer group program until they are 2 years old, and are 

reared with two to four other animals. Some newborns are separated 
from mothers with inadequate raising skills and fostered by humans. 
However, they still participate in the same peer group program as 
the other infants [20].

Menstruation/pregnancy confirmation
Menstruation is a physiological phenomenon in which the thickened 

endometrium is discharged from the body. Estrogen and progesterone 
—which are steroid sex hormones secreted by the ovaries in response 
to stimulation by FSH and luteinizing hormone (LH)— cause the 
endometrium to thicken in preparation for implantation. The endo-
metrium is discharged if implantation does not occur. In the present 
study, we interpreted the results on the premise that menstruation is 
proof that the endometrium hypertrophy and shedding that accompany 
these hormonal dynamics are occurring normally.

Any hemorrhage caused by menstruation was observed as blood 
marks under the cage. To ensure the animals remained healthy, each 
monkey received a medical examination (including blood tests, 
etc.) from a veterinarian every 2 years. When the animals were 
anesthetized for medical examination, or for transfer between rooms 
for cohabitation, their weights were measured and the data entered 
into a computer [20].

Pregnancy was confirmed by ultrasonography, which was conducted 
at 3 weeks and 5 weeks after the start of cohabitation. It was possible 
to detect a successful pregnancy by the third week. At 5 weeks of 
pregnancy, a fetal heart signal could be accurately and clearly detected. 
For a pregnancy diagnosis, the monkeys received an intramuscular 
injection of 1–5 mg/kg ketamine hydrochloride. Echo jelly was then 
applied, and the uterine cavity was examined using an ultrasonic 
probe. If a female was pregnant, a dim shadow was discernable in the 
ultrasonic image due to the fetal sac in the uterine cavity. However, 
if a female was not pregnant, there was a horizontal line in the center 
of the ultrasonic image.

Male-female cohabitation environment
As often as possible, we created a male-female cohabitation 

environment when we observed menstruation. In rare cases, we 
were unable to prepare an appropriate environment, and cohabitation 
was impossible because of the lack of an appropriate male or female 
living environment. The subjects participated in 378 cohabitations 
(771 menstrual periods observed). Male-female cohabitation was 
initiated on the eleventh day following menstruation. The animals 
were anesthetized before transfer, and cohabitation was facilitated 
using adjacent cages that could be connected together.

The study was approved by the Ethics Committee of the National 
Institute of Biomedical Innovation (NIBI), and the experiments were 
conducted in accordance with NIBI guidelines.

Data analysis
We investigated the reproductive process in the female macaques 

over three periods: the first detection of menses (menarche), the start 
of regular menstruation, and first pregnancy. We selected subjects 
born between 2002 and 2009 that become pregnant before November 
2014. Table 1 lists definitions of the terms used in our analysis.

Figure 1 shows the data for the 45 females from first menstrua-
tion to first pregnancy. The figure indicates the menstruation data, 
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Table 1. Definition of terms

Periods Definitions
First menstruation (Menarche) Age in days The first day of menstrual flow was Day 1 of the menstrual cycle; the day was defined in days 

of age at first menses.
Weight * We used the weight recorded closest to the time of first menses.

The start of regular menstruation Age in days We defined the start of regular menstruation to be when menses in a 25–35 day menstrual 
cycle was observed twice.

Weight* We used the weight recorded closest to the start of regular menstruation.
First pregnancy Age in days We defined age in days from birth to the first day of the last mating in this study (presumed to 

the last mating day = ovulation time = fertilization day).
Weight * We used the weight recorded closest to the time the female became pregnant for the first time.

* If the weight measured for the targeted data was within three months, we used the closest weight measurement. However, if the animal’s weight 
had not been measured within three months for the target data, we used the average weight measurement for the target data before and after.

Fig. 1. The process of sexual maturity in 45 animals. The horizontal line shows the days from the first detection of menses (menarche); the vertical line at 
0 indicates the start of regular menstruation. The open circles represent menstruation and the closed circles represent the number of cohabitations 
subsequent to menstruation. Each animal’s first open circle represents menarche, and the last filled circle represents first pregnancy. Animals 7, 13, 
18, 19, and 35 were not observed from the start of regular menstruation because they became pregnant before they began to menstruate regularly.
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including the number of days from first menstruation to the first day 
that mating took place. Five animals (animals 7, 13, 18, 19, and 35) 
were not observed from the start of regular menstruation because 
they became pregnant before they began to menstruate regularly. 
Statistical processing was carried out on 40 animals, excluding these 5.

First, we demonstrated the indication of maturity by statistical 
methods based on Bayes’ estimation (Markov Chain Monte Carlo 
method). We calculated the increase in age and weight for each 
of the three periods. We used the statistical packages available at 
http://y-okamoto-psy1949.la.coocan.jp/bayesian/NormalOneVar/ 
for all analyses.

We used the t-test for age and weight. Four animals showed char-
acteristic development but started menstruating regularly immediately 
after menarche. We used the t-test to compare these four animals to 
the remaining 36 (from a total of 45 animals, excluding the five that 
became pregnant before regular menstruation).

Results

In Figure 1, the ordinate axis indicates each animal and the abscissa 
axis indicates menstrual periods, cohabitation, and the start of regular 
menstruation. Out of 40 animals, only 4 started menstruating regularly 
immediately after menarche (10% of the total number of females). 
Of the 19 females scheduled to copulate before the start of regular 
menstruation, only 5 became pregnant (26% of the 19 females). 
In other words, 14 of the 19 females (74%) became pregnant after 
the start of regular menstruation. Of the 40 animals, the 3 females 
(animals 32, 36, and 38) that were menstruating regularly became 
pregnant at first cohabitation (8%).

Table 2 shows the average age at menarche, at the start of regular 
menstruation, and at first pregnancy. The average age at menarche 
was 1,195.1 days (approximately 3 years and 4 months). The average 
ages at the start of regular menstruation and at first pregnancy were 
1,490.1 days (approximately 4 years and 1 month) and 1,987.0 
days (approximately 5 years and 5 months), respectively. The time 
from menarche to the start of regular menstruation was 295.0 days 
(approximately 9 months). We found that 792.0 days (approximately 

2 year and 2 months) passed from the start of regular menstruation 
to first pregnancy.

Table 3 shows the average weight at menarche, at the start of 
regular menstruation, and at first pregnancy.

The average weight at menarche was 2.38 kg. The average weights 
at the start of regular menstruation and at first pregnancy were 2.59 
kg and 2.86 kg, respectively. The monkeys gained weight after their 
first menstrual period. From menarche to first pregnancy, the monkeys 
gained 0.48 kg (a 20% increase from the start of menarche).

We obtained the statistical estimates for the number of days using 
Bayesian posterior probability distributions. The section from the 
start of regular menstruation to menarche was MAP 293.40 days 
(MAP = maximum a posteriori probability; 95% confidence interval 
(95%CI): 188.95–401.97). The section of pregnancy to the start of 
regular menstruation was MAP 494.77 days (95%CI: 355.08–639.95), 
and the section of pregnancy to menarche was MAP 789.32 days 
(95%CI: 618.73–966.63).

We obtained the statistical estimates for weight using Bayesian 
posterior probability distributions. The section from the start of regular 
menstruation to menarche was MAP 0.21 kg (95%CI: 0.08–0.34). 
The section of pregnancy to the start of regular menstruation was 
MAP 0.27 kg (95%CI: 0.17–0.38), and the section of pregnancy to 
menarche was MAP 0.48 kg (95%CI: 0.36–0.60).

In a comparison between the four females that started menstruating 
regularly immediately after menarche and the remaining 36 females, 
the difference between the four females’ ages at menarche (average 
1,382 days) and the remaining 36 females’ ages at menarche (1,140 
days) was statistically significant (P = 0.032). The t-test calculation for 
the other periods (regular menstruation and first pregnancy) revealed 
that the differences were not statistically significant at the P = 0.05 
level. Regarding the four females’ weights, the average weight at 
menarche (uniform regular menstruation) and first pregnancy were 
2.47 and 2.74 kg, respectively. However, the remaining 36 females’ 
weights at menarche, regular menstruation, and first pregnancy were 
2.32, 2.58, and 2.88 kg, respectively. Calculations using the t-test 
showed that these differences were not statistically significant at 
the P = 0.05 level.

Table 2. Age at first menstruation, at the start of regular menstruation, and at first pregnancy

Average age 
(Days)

Standard 
deviation Minimum Maximum

Quartile

25 Median 75
First menstruation 1,195.1 208.7 801.0 1,568.0 1,075.7 1,179.0 1,291.5
Start of regular menstruation 1,490.1 333.2 985.0 2,675.0 1,318.0 1,428.5 1,562.8
First pregnancy 1,987.0 447.0 1,421.0 3,233.0 1,607.0 1,978.5 2,220.3

Table 3. Weight at first menstruation, at the start of regular menstruation, and at first pregnancy

Average weight 
(kg)

Standard 
deviation Minimum Maximum

Quartile

25 Median 75
First menstruation 2.38 0.28 1.85 3.04 2.18 2.37 2.52
Start of regular menstruation 2.59 0.38 1.94 3.83 2.37 2.50 2.71
First pregnancy 2.86 0.38 2.34 3.79 2.58 2.75 3.08



MENARCHE AND FERTILITY IN MONKEY 341

Discussion

In the present study, we investigated female monkeys from the 
first detection of menses (menarche), through the start of regular 
menstruation, to first pregnancy. These three periods are associated 
with female reproductive maturity in long-tailed macaques. The 
data regarding the animals’ date of birth, menarche, and regular 
menstruation were exact, and our analysis was based on numbers 
of days. It is often difficult to analyze time-series data in monkeys, 
but this was possible in our breeding colony.

There is a paucity of data on menarche in long-tailed macaques. 
On average, menarche begins at 1,195.1 days (approximately 39.8 
months) of age, and the average body weight at that time is 2.38 
kg. The earliest reported menarche was 801 days, at which time the 
body weight was 1.85 kg. Age (in days) and weight are important 
regarding menarche in long-tailed macaques; we consider that those 
two conditions are required for menarche. The average age at menarche 
of rhesus monkeys —which belong to the same genus as long-tailed 
macaques (Macaca)— is 29.8 months [9], which differs from that 
of long-tailed macaques. However, because the weight of rhesus 
monkeys at the time of menarche is unknown, it was impossible for 
us to compare data between the two species of monkey. Moreover, 
long-tailed macaques breed year-round, whereas rhesus monkeys have 
a breeding season, so their breeding systems are profoundly different. 
We believe further research on their differences and characteristics 
is warranted.

In the present study, we attempted to prove that menarche does not 
necessarily presage the immediate onset of regular menstruation. On 
average, the monkeys were 1,490.1 days old when they commenced 
regular menstruation, and their average weight at that time was 
2.59 kg. Using Bayesian analysis, we estimated that an average 
of 293.4 days passed between menarche and the start of regular 
menstruation, and the weight of the monkeys increased by 0.21 
kg during that time. Obviously these results suggest that monkeys 
continue to grow after menarche, which may mean their subsequent 
reproductive status continues to improve. Furthermore, only 10% 
of the monkeys achieved regular menstruation immediately after 
menarche. The remaining 90% required a term of growth before 
the start of regular menstruation. We think that this specific period 
in the monkeys’ maturation process is important.

We supposed that the start of regular menstruation signaled the 
ability to reproduce; however, we found that the average age of first 
pregnancy was 1,987.0 days, and the average weight was 2.86 kg. 
Bayesian analysis allowed us to estimate that 494.8 days passed 
between the beginning of regular menstruation and first pregnancy, 
during which time the weight of the monkeys increased by an 
average of 0.27 kg. Menarche alone did not support pregnancy; 
therefore, the monkeys could not be considered completely mature 
at menarche. Bercovich and Goy (1990) reported that menstrual 
bleeding can occur without ovulation, and concluded that menarche 
and ovulation should be considered separately [9]. The possibility has 
been raised that menarche does not necessarily equate to ovulation, 
which is a prerequisite of pregnancy. Even in monkeys with regular 
menstruation, all the requisite conditions for pregnancy may still not 
be present. We considered the minimum physical requirements for 
pregnancy to be 1,421.0 days of age and a weight of 2.34 kg. The 

onset of reproductive function can be regulated by both exogenous 
(photoperiod) and endogenous (fat storage) cues. The fat store can be 
predicted by weight [21]. Our daily records confirmed female body 
changes, such as fat accumulation at 5 years of age. From 3 years 
of age (menarche) to 4 years (the start of regular menstruation), the 
monkeys’ various reproductive organs matured; over the subsequent 
year, the monkeys stored fat, presumably as a result of hormonal 
influence, to become fully mature. Considering that the continuation 
of bodily changes and the average age of first pregnancy both tended 
to occur at approximately 5 years, fat accumulation could be related 
to first pregnancy. However, we could not determine whether fat 
accumulation contributes to pregnancy or the endocrine system enables 
pregnancy by creating factors that promote fat accumulation. In any 
case, the physiological progression from pregnancy to parturition 
requires a considerable energy input. Because fat accumulation 
takes place in the same phase as first pregnancy, it is considered 
very important for growth.

In the present study, four animals began regular menstruation 
immediately after menarche. Their menarche (average 1,382 days) was 
later than the average. This suggests that when those four monkeys 
achieved menarche, their physical condition was sufficient to support 
regular menstruation. Therefore, there was no delay in reaching 
sexual maturity in the four animals. Furthermore, the period from 
menarche to first pregnancy was shorter than that experienced by 
many of the other animals. However, the weight at pregnancy of 
the four monkeys was equivalent to that of the other animals. This 
may indicate that achieving a certain weight after menarche is more 
relevant to fertility than the period after menarche. Five animals were 
excluded from the analysis because we could not ascertain the exact 
start of their regular menstruation. It was possible to estimate that 
their average weight at first pregnancy (2.66 kg) was the same as that 
at the early stages of regular menstruation. In the present study, we 
determined regular menstruation to be marked by three menstrual 
periods after menarche. By this definition, we had no other choice 
but to exclude some data. An endocrine analysis is indispensable 
for elucidating the function of regular menstruation, and this will 
become an increasingly important issue in the future.

We found that more than 2 years (789.3 days) was required for 
the monkeys to pass from menarche to first pregnancy. During this 
period, body weight also typically increased by approximately 0.5 
kg. The body weight of the monkeys increased by 21% of their 
weight at menarche, so it is clear that they experienced a significant 
bodily change after the first detection of menses. In primates such as 
cynomolgus monkeys, which have a menstrual cycle, menarche may 
be one of the indications of physiological sexual maturity. However, 
the results of our study suggest that menarche does not necessarily 
indicate that the animal is sufficiently mature to become pregnant. 
Furthermore, some researchers have suggested that infant mortality 
increases in both animals and humans when the mothers are too 
young for pregnancy [22, 23]. When a female reaches maturity, the 
development of her ovaries and uterus should be complete, and her 
brain should be capable of releasing gonadotropins, i.e., LH and 
FSH. Moreover, when positive/negative feedback is functioning 
in the endocrine system, the female begins regular menstruation. 
When a female starts regular menstruation, she is considered to be 
completely sexually mature.
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However, in our study only 8% of regularly menstruating females 
became pregnant at first cohabitation (3 of 40); the remaining 92% 
became pregnant after copulating multiple times. In short, the 
majority of the females had to copulate more than once to become 
pregnant. These results suggest that complete development of the 
sexual organs is not the only factor necessary for pregnancy. Even 
infant long-tailed macaques display “mounting” sexual behavior 
[24]. Furuichi, Connor and Hashimoto [25] described three types 
of sexual behavior in immature bonobos: sexual behavior during 
play; copulation-like sexual behavior; and use of sexual behavior to 
control social relationships. Such experimentation and social learning 
may affect the maturity of monkeys with regard to pregnancy, and 
our results indicate the necessity of a certain period to interpret the 
psychological, ethological, and sociological factors in a breeding 
environment in which physical contact is restricted. This was what 
we termed “adolescence” in the developmental process. Therefore, 
the monkeys are potential animal models of human adolescence.

It is clear that the start of menarche and the start of regular 
menstruation do not necessarily indicate conditions for pregnancy. 
Complete sexual maturity in terms of fertility may occur much later 
than the start of regular menstruation in female long-tailed macaques. 
However, we did not clarify the relationship between pregnancy 
and fat storage in the present study; we intend to investigate this 
relationship in the future.

Acknowledgments

This study was supported by a grant from A MED 
(15ak0101020h0003) of Japan. We would also like to express our 
appreciation of the statistical advice provided by Professor Oka-
moto.

References

 1. Kaplan JR, Manuck SB. Ovarian dysfunction, stress, and disease: a primate continuum. 
ILAR J 2004; 45: 89–115. [Medline]  [CrossRef]

 2. Archer DF. Role of the nonhuman primate for research related to womens health. ILAR J 
2004; 45: 212–219. [Medline]  [CrossRef]

 3. Cline JM, Söderqvist G, Register TC, Williams JK, Adams MR, Von Schoultz B. 
Assessment of hormonally active agents in the reproductive tract of female nonhuman 
primates. Toxicol Pathol 2001; 29: 84–90. [Medline]  [CrossRef]

 4. Dixson A. Primate Sexuality. Wiley Online Library; 1998.

 5. Robinson JA, Goy RW. Steroid hormones and the ovarian cycle. Comparative primate 
biology 1986; 3: 63–91.

 6. Kobayashi MY, Koyama T, Yasutomi Y, Sankai T. Age influences male’s mating prefer-
ences for multiparous and nulliparous females in the laboratory-bred. Int J Comp Psychol 
2015; 28: 1–7.

 7. Weinbauer GF, Niehoff M, Niehaus M, Srivastav S, Fuchs A, Van Esch E, Cline JM. 
Physiology and Endocrinology of the ovarian cycle in Macaques. Toxicol Pathol 2008; 
36(7S): 7S–23S. [Medline]  [CrossRef]

 8. Weick RF, Dierschke DJ, Karsch FJ, Butler WR, Hotchkiss J, Knobil E. Periovula-
tory time courses of circulating gonadotropic and ovarian hormones in the rhesus monkey. 
Endocrinology 1973; 93: 1140–1147. [Medline]  [CrossRef]

 9. Bercovitch FB, Goy RW. The socioendocrinology of reproductive development and 
reproductive success in macaques. Socioendocrinology of primate reproduction 1990: 
59−93.

 10. Terasawa E, Fernandez DL. Neurobiological Mechanism of the Onset of Puberty. Curr 
Opin Endocrinol Diabetes Obes 2001; 22: 111–151.

 11. Yoshida T, Hanari K, Fujimoto K, Sankai T. Female reproduction characteristics in a 
large-scale breeding colony of cynomolgus monkeys (Macaca fascicularis). Exp Anim 
2010; 59: 251–254. [Medline]  [CrossRef]

 12. Takahata Y. The reproductive biology of a free-ranging troop of Japanese monkeys. 
Primates 1980; 21: 303–329.  [CrossRef]

 13. Maestripieri D. Primate psychology. Harvard University Press; 2009.
 14. Frisch RE. Body weight, body fat, and ovulation. Trends Endocrinol Metab 1991; 2: 

191–197. [Medline]  [CrossRef]
 15. Frisch RE. Body fat, puberty and fertility. Biol Rev Camb Philos Soc 1984; 59: 161–188. 

[Medline]  [CrossRef]
 16. Frisch RE. The right weight: body fat, menarche and fertility. Proc Nutr Soc 1994; 53: 

113–129. [Medline]  [CrossRef]
 17. Kennedy GC, Mitra J. Body weight and food intake as initiating factors for puberty in 

the rat. J Physiol 1963; 166: 408–418. [Medline]  [CrossRef]
 18. Jayo MJ, Jerome CP, Lees CJ, Rankin SE, Weaver DS. Bone mass in female cynomol-

gus macaques: a cross-sectional and longitudinal study by age. Calcif Tissue Int 1994; 54: 
231–236. [Medline]  [CrossRef]

 19. Wilen R, Naftolin F. Age, weight and weight gain in the individual pubertal female rhesus 
monkey (Macaca mulatta). Biol Reprod 1976; 15: 356–360. [Medline]  [CrossRef]

 20. Tsuchida J, Yoshida T, Sankai T, Yasutomi Y. Maternal behavior of laboratory-born, 
individually reared long-tailed macaques (Macaca fascicularis). J Am Assoc Lab Anim Sci 
2008; 47: 29–34. [Medline]

 21. Brockman DK, van Schaik CP. Seasonabty and reproductive function. In: Brockman 
DK, van Schaik CP (eds.), Seasonality in Primates: Studies of Living and Extinct Human 
and Non-Human Primates. Cambridge University Press; 2005: 269−306.

 22. Fairbanks L. A Parenting. In: Maestripieri D (ed.), Primate Psychology. Harvard Univer-
sity Press; 2009.

 23. Kramer KL, Lancaster JB. Teen motherhood in cross-cultural perspective. Ann Hum 
Biol 2010; 37: 613–628. [Medline]  [CrossRef]

 24. Tomaszycki ML, Davis JE, Gouzoules H, Wallen K. Sex differences in infant rhesus 
macaque separation-rejection vocalizations and effects of prenatal androgens. Horm 
Behav 2001; 39: 267–276. [Medline]  [CrossRef]

 25. Furuichi T, Connor R, Hashimoto C. Non-conceptive conceptive sexual interactions 
in monkeys, apes, and dolphins. In: Yamagiwa J, Karczmarski L (eds.), Primates and 
Cetaceans. Springer Japan; 2014: 385−408.

http://www.ncbi.nlm.nih.gov/pubmed/15111730?dopt=Abstract
http://dx.doi.org/10.1093/ilar.45.2.89
http://www.ncbi.nlm.nih.gov/pubmed/15111740?dopt=Abstract
http://dx.doi.org/10.1093/ilar.45.2.212
http://www.ncbi.nlm.nih.gov/pubmed/11215689?dopt=Abstract
http://dx.doi.org/10.1080/019262301301418883
http://www.ncbi.nlm.nih.gov/pubmed/20852722?dopt=Abstract
http://dx.doi.org/10.1177/0192623308327412
http://www.ncbi.nlm.nih.gov/pubmed/4205042?dopt=Abstract
http://dx.doi.org/10.1210/endo-93-5-1140
http://www.ncbi.nlm.nih.gov/pubmed/20484860?dopt=Abstract
http://dx.doi.org/10.1538/expanim.59.251
http://dx.doi.org/10.1007/BF02390462
http://www.ncbi.nlm.nih.gov/pubmed/18411182?dopt=Abstract
http://dx.doi.org/10.1016/1043-2760(91)90018-I
http://www.ncbi.nlm.nih.gov/pubmed/6375750?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-185X.1984.tb00406.x
http://www.ncbi.nlm.nih.gov/pubmed/8029220?dopt=Abstract
http://dx.doi.org/10.1079/PNS19940015
http://www.ncbi.nlm.nih.gov/pubmed/14031944?dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.1963.sp007112
http://www.ncbi.nlm.nih.gov/pubmed/8055372?dopt=Abstract
http://dx.doi.org/10.1007/BF00301684
http://www.ncbi.nlm.nih.gov/pubmed/822891?dopt=Abstract
http://dx.doi.org/10.1095/biolreprod15.3.356
http://www.ncbi.nlm.nih.gov/pubmed/18947167?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20205610?dopt=Abstract
http://dx.doi.org/10.3109/03014460903563434
http://www.ncbi.nlm.nih.gov/pubmed/11374912?dopt=Abstract
http://dx.doi.org/10.1006/hbeh.2001.1659

