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Abstract

Relative to most primate species, Japanese macaques (Macaca fuscata) experience
extreme seasonal variation in thermal and ecological stressors that can impact energetic
demands. To cope with these environmental changes, levels of metabolic hormones, such as
cortisol and triiodothyronine, fluctuate to facilitate energetic adjustments. While previous
research in primates has investigated thermal and ecological stressors individually, a combined
assessment of these stressors alongside hormone levels can provide a more holistic
understanding of the relationship between a primate’s thermoregulation, energetic balance, and
stress. The goals of this study were to determine the effects of season, temperature and
ecological stress on cortisol levels in Japanese macaques, as well as assess the relationship
between cortisol and freely circulating triiodothyronine (fT3). Fecal samples were collected at
Kyoto University Primate Research Institute (KUPRI) on semi-free ranging Japanese macaques
and tested for cortisol and fT3 levels using enzyme-linked immunosorbent assay (ELISA).
Japanese macaques did not show a significant difference in cortisol levels between seasons,
although winter cortisol levels were marginally higher. During summer, there was not a
significant effect of daily temperature on cortisol levels. However, in the winter, macaques
showed a consistent negative relationship between cortisol levels and daily maximum
temperatures. While this indicates that cortisol levels increased as maximum temperatures
became colder, there was not a significant correlation with mean or minimum daily temperatures.
Using activity levels as a proxy for ecological stress, there were no significant effects of mean
daily group activity on cortisol levels during either season. However, there was a significant and
strong positive relationship between fT3z and cortisol levels during both summer and winter

seasons, with cortisol levels increasing in conjunction with fTz. Contrary to predictions, there



was not a seasonal pattern in cortisol levels, although these data provide partial evidence that
thermal stress can impact cortisol levels on a daily scale. Animals were provisioned foods,
which may have reduced the intensity of ecological stress, possibly dampening seasonal impacts
on cortisol levels. Despite these mixed results, the strong relationship between T3 and cortisol
may suggest that animals modulate metabolic hormones in a coordinated manner to cope with

changing energetic needs.
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Chapter 1. Introduction

There are a variety of primate species that experience a broad range of environmental
conditions as seasons change. With varying seasons comes abiotic and biotic transformations to
a primate’s habitat that can result in behavioral and physiological changes. Japanese macaques
(Macaca fuscata), often referred to as the “snow monkey,” experience some of the most
significant and extreme seasonal changes in comparison to typically tropical primate species
(Hanya, 2010). During the winter, these primates endure mean daily temperatures reaching as
low as -1.9°C, and summer daily means as high as 35.6°C (Agetsuma & Nakagawa, 1998;
Cozzolino et al., 1992; Thompson et al., 2017; Tsuji & Takatsuki, 2009; Tsuji, 2011; Ventura et
al., 2005). These extreme temperatures, paired with severe weather conditions such as
precipitation, storms and winds, can cause thermal stress that impacts thermoregulatory demands
(Beehner & McCann, 2008; Campbell et al., 2018). Also, these seasonal changes in climate can
transform the ecological landscape, often altering food availability and distribution, yielding
ecological stressors that impact animals’ energetic condition. While previous research in
primates has investigated the effects of thermal and ecological stressors individually (Garcia et
al., 2011; Takeshita et al., 2018), relatively little research has pursued a combined assessment of
these stressors. A more holistic approach to investigating seasonal stressors in Japanese
macaques may allow for greater understanding of the relationship between a primate’s
thermoregulatory mechanisms, energetic balance, and stress.
Purpose

To better understand the impact of thermal and ecological seasonal stressors on hormone

levels in Japanese macaques.
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Scope

Japanese macaques inhabit geographical locations that experience four distinct seasons:
winter, spring, summer and fall. With changing season conditions, macaques are subject to
various thermal and ecological stressors that impact individuals’ behavior and physiology. This
study aims to identify the effects of season, temperature, and activity on cortisol levels, in
addition to identifying a relationship between freely circulating triiodothyronine (fTs3) and
cortisol. | have conducted an analysis that focuses on semi-free-ranging Japanese macaques
subject to natural thermal conditions, housed at the Kyoto University Primate Research Institute
(KUPRI) in Inuyama, Japan.
Assumptions

1. Japanese macaques experience high levels of seasonal variation, in which they are

exposed to thermal and ecological stressors.
2. Cortisol mobilizes energy reserves within body in response to environmental
stressors.

Hypotheses
Aim 1. Assess the effect of season on cortisol levels. If seasonal changes are thermally and/or
ecologically stressful for Japanese macaques, then cortisol levels should be higher during winter,
when animals experience greater energetic costs from thermoregulatory demands and lower food
availability.
Aim 2. Assess the effects of daily temperature changes on cortisol levels. If thermal conditions
elicit stress, then cortisol levels should be higher when daily temperatures are at their lowest,

eliciting greater energetic demands from thermoregulation.
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Aim 3. By using activity levels as a proxy for ecological stress (Grueter et al., 2013; Hodges,
2020; Ménard et al., 2013), the effects of macaques’ activity levels on cortisol levels will be
assessed. During times of greater activity, cortisol levels are expected to increase, as animals are
required to expend greater amounts of energy in response to ecological stressors such as changes
in food availability.
Aim 4. Assess the relationship between T3 and cortisol. If both hormones have corresponding
involvement in a primates’ energetic condition during times of thermal or ecological stress, then
T3 and cortisol will show a positive relationship.
Significance

Japanese macaques are one of the few cold-habitat primates that experience extreme
seasonal variation. These primates face thermal variability and transformations to the ecological
landscape that can cause stress to the animal, resulting in changes in behavior and physiology.
This study aims to give insight into the impacts of thermal and ecological stress on primates and
provide an understanding of how thermoregulatory mechanisms and energetic balance are

utilized to cope with stress.
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Chapter 2. Review of Literature

Japanese Macaques and Their Environment

Japanese macaques are endemic to Japan, distributed across the nation’s archipelago from
the northern Shimokita Peninsula to the southern island of Yakushima (Hanya, 2010). This wide
distribution provides roughly four classifications of natural vegetation: 1) warm, temperate
evergreen forests, 2) cool deciduous broad-leaved forests, 3) subalpine evergreen coniferous
forest, and 4) alpine grassland, with the fundamental difference between these habitats being
whether trees shed their leaves in winter (Tsuji, 2010). The climate of Japan exhibits clear
seasonal fluctuations in air temperature and rainfall, further subclassifying it into four seasons:
spring (March to May), summer (June to August), autumn (September to November), and winter
(December to February) (Tsuji, 2010). Climate alone dictates many aspects of a macaque’s life,
strongly influencing the location and availability of vegetation and the need to maintain energetic
condition to keep up with thermoregulatory demands (Agetsuma, 2000; Hanya, 2004). For
example, when air temperature decreases from 29°C to 5°C, captive Japanese macaques have
been shown to double their heat production in order to meet thermoregulatory needs (Hanya et
al., 2007; Hori et al., 1977). Seasonally, there are significant environmental changes in both
vegetation and climate that reflect thermal and ecological stressors that influence Japanese
macaques’ daily lifestyle (Hanya, 2004).
Behavioral Responses to Thermal and Ecological Stressors

Thermal and ecological conditions are interconnected, creating a dynamic and ever-
changing environment that influences primates. From the selection of microhabitats and posture

modulation, to hormone fluctuations resulting in physiological changes, primates employ a
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variety of mechanisms to regulate their temperature and reduce energetic costs in response to
seasonal stressors.

‘Behavioral thermoregulation,” or behaviors displayed by an animal to reduce the
physiological costs of thermoregulation, are voluntary actions driven by the goal to conserve or
dissipate heat (Hanya et al., 2007; Tan & Knight, 2018). Behavioral changes could include
alterations to activity budgets (Kearney et al., 2009), the adjustment of posture by changing body
shape and direction (Hanya et al., 2007; Morland, 1993; Stelzner & Hausfater, 1986), huddling
with group members (Hanya et al., 2007; Schino & Troisis, 1990), or selecting climatically
different microhabitats that favor energy conservation and support thermoregulation (Bicca-
Marques & Calegaro-Marques, 1998; Hanya et al., 2007; Sargeant et al., 1994; Takemoto,
2004). These adjustments to behavior are often energetically inexpensive and allow an animal
to modulate heat loss and respond to changes in thermal environment without more costly, long-
term acclimation (Hanya et al., 2007).

Amongst these methods of behavioral thermoregulation, activity budgeting interconnects
with both thermal and ecological stressors and can strongly impact an animal’s energy stores
utilized for thermoregulatory mechanisms (Hodges, 2020). Activity budgeting is the time an
animal allocates for various activities and when under stress, an animal’s patterns may fluctuate
considerably. Changing environmental factors such as harsher climate and food availability are
known to drive activity patterns of primates, therefore the analysis of changes in locomotor
activity is frequently used as a proxy for ecological stress experienced by primates (Curtis &
Rasmussen, 2006; Fernandez-Duque et al., 2010; Grueter et al., 2013; Gursky, 2003; Hodges,
2020; Ménard et al., 2013; Rasmussen, 1977; Wright, 1989). Temperature and food-related

factors such as food distribution, feeding rate and food abundance, can each impact the amount

15



and intensity of an animal’s activity (Hanya, 2004). For example, during winter seasons when
food is of lesser availability and thermoregulatory demands are increased, the amount and
intensity of activity and energy spent will be adjusted accordingly to account for thermal and
ecological stressors.

Being native to a temperate region, Japanese macaques experience some of the most
drastic changes in seasonality in comparison to classically tropical primate species, resulting in
the need to balance caloric intake with thermoregulatory and energetic needs. Low temperatures
drive thermoregulatory costs, and climatic factors such as precipitation compounds these effects,
resulting in macaques decreasing their activity levels during winter seasons to conserve energy
(Hanya et al., 2018). Alternatively, the summer season does not require as stringent
thermoregulatory demands and activity can be increased. The intensity level of activity
fluctuates depending on potential heat stress; a primate avoids generating too much heat through
muscle activity during high temperature (Fredericksen, 2014; Hanya et al., 2018 Radford et al.,
2010). Also, Hanya (2004) found that both temperature and food availability were significant
variables explaining feeding ecology and seasonal diet variation, which can ultimately impact the
animal’s activity level. During the summer season when highly nutritious fruits are available,
Japanese macaques’ feeding time decreases, but the distance they must travel increases due to
low density of fruit-food trees (Hanya, 2004). During cooler temperatures, macaques feed on
herbs, which conserves energy because animals do not have to climb trees or exert additional
energy to obtain food. Moreover, herbs are more readily available in sunny areas which may add
to energetic savings by reducing thermoregulatory costs (Hanya, 2004). Thus, seasonal changes

in food availability and feeding patterns is associated with variation to macaque activity levels.
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Physiological Responses to Thermal and Ecological Stress

Physiological responses can also be effective in the generation or dissipation of heat (Tan
& Knight, 2018). In preparation for cooler seasons, some primates have been shown to increase
body mass, and increase insulation with fat, down and fur to aid in the retention of heat (Génin et
al., 2003). Also, a primate’s body may involuntarily elicit autonomic thermoregulatory
responses such as involuntary muscle contraction, shivering, and non-shivering thermogenesis
via metabolism and heat production in brown adipose tissue (Chafee & Allen, 1997; Takeshita et
al., 2018; Terrien et al., 2008). Amongst these physiological changes, variations in hormone
levels have shown to elicit both immediate and long-term physiological effects that aid in
thermoregulation (Sterling et al., 2013). Hormonal changes are fluid, allowing for the
measurement of daily changes that may be used as an assessment tool to decipher quick
alternations a primate makes, based on shifts in thermal and ecological conditions.

Hormones play an intricate and multifaceted role in primates, influencing basal metabolic
rate (BMR) and thermogenesis while also having an important role in energy allocation in
various functions including growth, reproduction and thermoregulation (Davis, 2019; Dias et al.,
2017). Hormones that reflect a primate’s energetic condition and stress response may allow for
greater insight into the impact thermal and ecological stressors can have on a primate’s
physiology and behavior. Cortisol and thyroid hormones are biomarkers of energetic condition,
involved in gluconeogenesis and cellular metabolism (Dias et al., 2017; Kim, 2008; Sapolsky et
al., 2000) and excreted in urine and feces (Dias et al., 2017; Norman & Litwack, 1997). By
using widely applied non-invasive methods, such as the collection of feces, hormones can be
tested via excreta without eliciting unnecessary stress to the animal (Behringer & Deschner,

2017). By performing a more comprehensive assessment of hormones with complementary
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roles, such as cortisol and thyroid hormones, information on the impact of both thermal and
ecological stressors and their relationship to thermoregulation and energy expenditure may be
provided.

Cortisol, a glucocorticoid, is often referred to as the stress hormone and is secreted in
response to various stressors, including psychological (Corlatti et al., 2014; Dias et al.,
2017; Stocker et al., 2016), environmental (Bourbonnais et al., 2013; Dias et al., 2017; Lewanzik
et al., 2012), and physical challenges (de Bruijn & Romero, 2011; Dias et al., 2017; Houser et
al., 2011). Researchers have also found that this hormone is critical for energy mobilization,
even in the absence of stressful conditions (Dias et al., 2017; Herman et al., 2016). The
hypothalamic-pituitary-adrenal axis modulates complex physiological responses by signaling the
release of cortisol into the bloodstream, eliciting the mobilization of energy during
environmental challenges (Herman et al., 2016; Sapolsky, 2002). This involuntary response
engages the autonomic nervous system and drives an array of events that can optimize survival
by elevating heart rate, blood pressure and glucose production (Herman et al., 2016). The
release of cortisol into the bloodstream is responsible for these rapid physiological changes,
allowing an animal to quickly respond to stressors and danger (Herman et al., 2016). While a
wide variety of stressors can elicit an influx of cortisol into the bloodstream, | chose to focus on
fluctuations in response to seasonal changes that result in thermal and ecological stressors, which
are highly relevant to primate species under natural environmental conditions (Weingrill et al.,
2004).

Japanese macaques experience freezing temperatures, at times undergoing extreme
thermal stressors that can result in the rapid increase in gluconeogenesis, mobilizing energy

reserves (Eckardt et al., 2016; Sapolsky, 2000). This influx of glucose into the bloodstream
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allows for greater energy expenditure, potentially including production of heat for
thermoregulation. Rapid changes in cortisol levels can occur when seasonal fluctuations lead to
variations in food availability, often associated with a primate traveling further for desirable or
suitable nutrition (Abbott et al., 2003). This may elicit stress, especially when food availability
has decreased, or foods have become more difficult to obtain. In response, changes in cortisol
levels occur allowing the animal to respond to both the stress induced by ecological-based
energetic demands and the thermal stress associated with variation in temperatures (Beehner &
McCann, 2008). Further analysis of cortisol levels in response to stressors will provide insight
into changes that occur seasonally in Japanese macaques.

Energy homeostasis is dependent upon hormonal influence and the balance between
caloric intake and energy expenditure (Rosen & Spiegelman, 2006). The thyroid hormones
triiodothyronine (T3) and thyroxine (T4) influence many processes including growth,
reproduction, metabolism and thermoregulation (Silva, 2006; Yen, 2001). These hormones
assist in the regulation of metabolic activity, which aids the body in maintaining energetic
balance, but also plays a critical role in thermogenesis (Kaack et al., 1979; Schaebs et al., 2016).
For example, several mammal species display changes in thyroid levels that are associated with
energy balance; thyroid hormone levels decrease during times of fasting in badgers (Harlow &
Seal, 1981; Schaebs et al., 2016), sheep (Blum et al., 1980; Schaebs et al., 2016) and rabbits
(Mechetti et al., 2015; Schaebs et al., 2016). Also, thyroid levels increase with increasing
energy expenditure in relation to the thermal effect of physical activity (Kim, 2008; Schaebs et
al., 2016) and in response to low seasonal temperatures (Cristobal-Azkarate et al., 2016; Schaebs
et al., 2016; Silva, 1995). For many mammals, thyroid hormones reach their highest levels

during cooler seasons, causing elevations in BMR in order to produce heat whilst increasing
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energy expenditure (Cristobal-Azkarate et al., 2016; Danforth & Burger, 1984; Dias et al., 2017;
Silva et al., 2003). In addition to a response to thermoregulatory changes, thyroid hormones
have previously demonstrated fluctuations in response to various stressors. In adult rats, mild
stressors can cause a slight increase or relatively no change in thyroid levels (Armario et al.,
1984; Helmreich & Tylee, 2011; Turakulov et al., 1994), while more significant, severe stressors
can result in decreased thyroid hormone levels (Cizza et al., 1996; Helmreich and Tylee,

2011; Kilburn-Watt et al., 2010; Kondo et al., 1997; Langer et al., 1983).

In wild male Barbary macaques (Macaca sylvanus), a seasonal pattern in thyroid
hormones has been identified that is consistent with a thermoregulatory role (Cristobal-Azkarate
et al., 2016; Thompson et al., 2017). Freely circulating triiodothyronine (fT3) increased
significantly during cooler seasons, indicating that thyroid hormones are utilized as a mechanism
to boost metabolism in response to thermoregulatory pressures. By analyzing fTz and cortisol
hormones concurrently, we can gain an understanding of the relationship between metabolic

hormones and seasonal coping strategies aimed at maintaining energy balance.
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Chapter 3. Methodology

Data Collection
Study Site and Subjects

Semi-free ranging Japanese macaques housed at the Kyoto University Primate Research
Institute (KUPRI) in Inuyama, Japan (35°23°N, 136°57’E) were utilized for data collection. The
animals were exposed to natural thermal conditions in an outdoor enclosure ¢900m?).
Provisioned feedings of monkey biscuits and other foods (e.g., sweet potato, carrots, etc.)
occurred at roughly the same time each day (09:00 and 16:00 on weekdays; 13:00 on weekends)
while water and ground foliage were available ad libitum. The animals were individually
identifiable through unique facial tattoos. Sample collection occurred during winter (December)
2014 and summer (July) 2015. During summer data collection, macaques experienced mean
daily temperatures of 27.3°C, mean daily lows of 19.2°C and mean daily highs of 35.6°C. For
sample collection during winter, macaques experienced mean daily temperatures of 5.7°C with
mean daily lows of -1.9°C and mean daily highs of 15.6°C (Thompson et al., 2017).
Fecal Sample Collection

Fecal samples were collected using non-invasive methods in order to measure hormone
levels from N=17 individual animals (8 males, 9 females), yielding N=33 samples in total across
both seasons (summer: N=17; winter: N=16). Some individual animals were sampled more than
once throughout both summer and winter seasons, while others were sampled a single time
(range=1-3 samples per individual, x=1.9 samples per individual) (Appendix 1). Fecal samples
were collected by observing defecation, gathering the sample in a sterile bag, and immediately
freezing at -80°C.

Temperature Measurement
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Ambient temperatures near the animals’ enclosure at KUPRI were recorded every ten
minutes using an on-site weather station (HOBO U30, Onset Computer Corporation, Bourne,
MA). Summer and winter data collection periods were logged (summer=1605.0 sample hours,
winter=2155.5 sample hours). The manufacturer states the temperature accuracy to be £0.2°C
with 0.03°C measured resolution.

Activity Data

Previous research by Thompson et al. (2017) conducted all occurrence sampling of focal
animals from sunrise to sunset and recorded feeding and locomoting. Feeding was defined as
any regular grasping, processing, or ingestion of food items, while locomotion was defined as
regular movement that did not include any feeding. Both measures were collected continuously,
by recording start and stop times, to the nearest minute. Multiple animal observations occurred
on any given day, and primate groups collectively coordinate daily activity and movement
(Boinski & Garber, 2000). Therefore ‘mean daily group activity’ was determined per day by
calculating the mean number of minutes spent active across all animals on a given day. This was
done separately for the number of minutes spent feeding only, locomoting only, and total activity
time (combining locomotion and feeding). Data were collected on the daily activity patterns of
macaques (N=5 animals) for a total of 620.75 observation hours across all animals (summer=
422.25 hours, winter=198.50 hours). Any animals with <180 minutes of observation time per
day were excluded from the data set. Individual macaques were observed in the summer x=724
minutes per day (range: 315-855 minutes) and in the winter X=496 minutes per day (range: 270-
615 minutes). Due to seasonal changes in day length, less observation time was conducted in the
winter.

Measurement of Cortisol
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Fecal samples were extracted following established hormone extraction procedures
(Hodges & Heisterman, 2011; Wasser et al., 2010). In order to standardize hormone levels by
dry weight, wet fecal samples were homogenized and lyophilized. Plant matter was eliminated
by sifting the material through a 40-mesh sieve (Hodges & Heisterman, 2011; Khan et al., 2002).
Fecal powder (0.1gm) was added to 70% ethanol (15ml), vortexed for 30 minutes, then
centrifuged for 20 minutes at 2200 rpm. Supernatant was then decanted and the original pellet
was re-extracted and combined with other extracts to be stored at -20°C. Before performing
enzyme linked immunoassay (ELISA) testing, samples were diluted 1:3 using assay buffer.
Samples were run in duplicate. A sample control was developed by pooling fecal extracts
together and running the sample control across all kits used. The samples control was diluted 1:3
using assay buffer and testing was performed in duplicate.

Commercially available, human optimized cortisol ELISA kits (Abnova, Taiyuan City,
Taiwan) were utilized to detect levels of cortisol in fecal samples. The use of human adapted
kits is a commonly accepted approach when testing primate samples due to the physiological
similarities of nonhuman primates and humans (Phillips et al., 2014). A microtiter plate coated
with anti-mouse 1gG was utilized for the immunological reaction to occur. With the addition of
anti-cortisol monoclonal antibody and cortisol-peroxidase, a sample containing cortisol antigen
can be determined by analyzing the generated color intensity using a microplate reader at 450nm
wavelength.

The intra-assay coefficient of variation (CV) was 7.5% +3.8%; inter-assay CV was
14.86% over two assays. There was not a significant difference in slope between serial dilutions

of samples and the standard curve (t=-0.71, p=0.53), indicating parallelism. A single spike
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recovery analysis was performed using a 3,200 pg/mL standard for a spike recovery test, yielding
91.9% recovery.
Measurement of Thyroid Hormone

Thyroid hormone testing was previously conducted by Thompson et al. (2017), assessing
Tz levels from the same fecal samples used in this thesis. Established procedures for hormone
extraction were performed as described for cortisol, and fTz concentration measurements were
evaluated using ELISA Kkits (Item Code: 1650, Alpha Diagnostics Inc., San Antonio,
TX). Validations for inter-assay and intra-assay variation were previously published, along with
parallelism and spike recover analyses (Thompson et al., 2017).
Data Analysis
Aim 1: Seasonal Difference in Cortisol

To assess differences in macaques’ fecal cortisol levels between seasons, a two-way
analysis of variance (ANOVA) was performed with cortisol levels as the dependent variable,
season (summer/winter) as a predictor variable. Individual identification was also included as a
predictor variable, to control for potential differences between individual animals’ baseline
hormone levels.
Aim 2: Temperature Effect on Cortisol

To assess the impact of thermal stressors, the effect of mean daily temperatures on
Japanese macaque cortisol levels were tested. Lag times were taken into consideration, knowing
there is a delay between circulating blood levels of a hormone and the measurement of levels in
fecal samples. In Japanese macaques, hormonal excretion of cortisol in feces occurs in 24 to 48
hours (Shimizu, 2005; Takeshita et al., 2014; Takeshita et al., 2018). For this reason, a series of

temperature lags were used relating cortisol levels to previous days’ temperatures. Using
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previous days’ successive temperature data, | calculated the mean daily minimum, mean daily
maximum, and mean daily mean temperature experienced by animals two, four and six days
prior to fecal samples collection. [For example, at the mean daily minimum two day lag, the
mean of the previous two days’ daily minimum temperatures was calculated.] Multiple lags
were used to account for variation between circulating and fecal hormone levels and also, to
consider the potential delay between experienced temperature change and the activation of a
biological response.

Multiple fecal samples were collected on any given day; therefore a mean daily cortisol
level was calculated. On average, X=2.1 fecal samples were used to generate daily means (range
1-4). No individuals were sampled twice in one day. Although this daily approach limits sample
size (summer: N=7 days, winter: N=7 days), it controls for potential pseudoreplication due to the
non-independence of repeated daily temperatures in the analysis. One-tailed, bivariate linear
regressions were used, separately analyzing each season. To adjust for multiple tests being
performed, Bonferroni corrections were applied (within each season) to avoid spurious
significant results.

Aim 3: Effect of Activity on Cortisol

Using the amount of activity as a proxy for ecological stress, mean daily group activity
and mean daily cortisol levels were used to assess the impact of ecological stress on cortisol
levels. Like Aim 2, this daily approach limits sample size (summer: N=7 days, winter: N=8
days), but controls for potential pseudoreplication. Bivariate one-tailed linear regressions were
used to assess the effect of mean daily group activity on mean daily cortisol levels, with separate
tests for the mean daily time an animal spent feeding, locomoting and total movement. Analyses

were performed separately for each season.
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Aim 4: Relationship Between fTz and Cortisol

A one-tailed Pearson’s correlation was used to test for a relationship between fTzand
cortisol levels separately for each season. This analysis used individual fecal samples for the
assessment of fT3 and cortisol. Individual animals were represented by more than one fecal
sample in this analysis (Appendix 1), however, analyses from Aim 1 suggest there were not
significant effects of individual animal identity on cortisol. Likewise, supplementary analyses
excluding repeated sampling of the same animal (by limiting it to the first chronologically
collected sample per animal), resulted in similar statistical outcomes as testing all samples.

Statistical outcomes were formally evaluated at 0=0.05, except for the Bonferroni
corrections mentioned above, which are reported in results. Statistical tests were conducted

using SPSS 20.
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Chapter 4. Results
Aim 1: Seasonal Difference in Cortisol
Japanese macaques did not show a significant difference in cortisol levels between
summer and winter seasons (x difference=0.046+0.006ug/mL, F(1,15=2.616, p=0.127), although
winter cortisol levels were marginally higher than summer (Figure 1). Likewise, season
explained 14.8% of the variation in cortisol levels. Cortisol levels did not significantly differ
between individual animals (F(,15=1.084, p=0.536), although individual identity accounted for

53.6% of the variation in cortisol levels.

Figure 1. Fecal cortisol levels in Japanese macaques, by season.
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Aim 2: Temperature Effect on Cortisol

During summer, there was not a significant effect of daily temperature on cortisol levels

(Table 1). However, during the winter, macaques showed a consistent negative relationship

between cortisol levels and the mean daily maximum temperatures experienced, with cortisol

levels increasing as maximum temperatures became colder. At 0=0.05, two, four and six day

mean daily maximum temperatures, the results were significant. However, after taking the

Bonferroni correction into account, only two day mean daily maximum temperatures remained

significant. Yet, it is worth noting that the relationships between mean daily maximum

temperatures and cortisol in winter show consistently larger effect sizes than all other

comparisons (Table 1).

Table 1: Relationship between Japanese macaque fecal cortisol levels and mean daily minimum,

maximum and mean temperatures at two, four, and six days prior.

Days Prior to Minimum Maximum Mean

Fecal Collection Temperatures* Temperatures* Temperatures*

Summer p t p p t p p t p
2 0.098 0.220 0.583 | 0.601 1682 0.924 | 0416 1.024 0.824
4 0.715 2286 0.964 | 0.570 1552 0.909 | 0.603 1.690 0.924
6 0.157 0355 0.631 | 0.717 2303 0.965 | 0.560 1512 0.905

Winter
2 -0.443 -1.106 0.160 | -0.893 -4.429 0.004 | -0.667 -2.000 0.051
4 0.291 0.680 0.736 | -0.751 -2.545 0.026 | -0.298 -0.698 0.258
6 0.385 0.834 0.775 | -0.836 -3.0561 0.019 | 0.112 0.251 0.595

*Mean of daily minimum/maximum/mean temperatures over the two, four, or six days prior to fecal samples collection

All B values are standardized
Bold=significant at a=0.05

Bold and italicized=significant after Bonferroni correction, adjusted 0=0.005
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Aim 3: Effect of Activity on Cortisol

There were no significant effects of mean daily group activity on mean daily cortisol

levels in macaques, when assessing mean time spent feeding, locomoting, or total movement

observed, during either season (Table 2; Figure 2).

Table 2: Effect of mean daily group activity on cortisol levels, by season.

Summer (N=7 days)

Winter (N=8 days)

Time Spent B t p t P

Feeding only -0.222 -0.509 0.632 -0.075 -0.185 0.859
Locomoting only 0.053 0.118 0.911 0.384 1.020 0.347
Total movement -0.029 -0.066 0.950 0.321 0.829 0.439

All B values are standardized

Figure 2. Relationship between mean daily total movement and mean daily cortisol levels, by
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Aim 4: Relationship Between fTs and Cortisol Levels
There was a significant and strong positive relationship between fT3 and cortisol levels

during both summer (r=0.621, p=0.004, N=17) and winter (r=0.700, p=0.005, N=16) seasons.

Figure 3. Relationship between an individual’s fTz and cortisol levels with linear

trendline, by season
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Chapter 5. Discussion

| assessed if Japanese macaques would display seasonal fluctuations in cortisol levels in
response to thermal and ecological stressors. The main findings were: 1) macaque cortisol levels
did not show significant differences between the summer and winter seasons. 2) During the
winter season when temperatures were lower, macaques showed a negative relationship between
cortisol levels and two day mean daily maximum temperatures. 3) There was no discernable
relationship between cortisol levels and activity levels of the animals. 4) A strong positive
relationship between T3 and cortisol levels was displayed during both summer and winter
seasons.
Aim 1: Seasonal Difference in Cortisol

Japanese macaques experience seasonal alterations in thermal and ecological stressors,
and | expected cortisol levels to be lower during the summer and higher during the winter
season. My hypothesis was not supported. While winter season cortisol levels were marginally
higher than summer, this difference did not reach statistical significance. In this analysis, cortisol
levels did show high variation between individual samples (Appendix 1), even in the absence of
a discernable seasonal difference.

Seasonal variation in glucocorticoid levels has been demonstrated in a variety of species
(e.g. ground squirrels (Spermophilus saturates): Boswell et al., 1994; humans (Homo
sapiens): Walker et al., 1997; red deer (Cervus elaphus): Ingram et al., 1999; squirrel monkeys
(Saimiri sciureus): Schiml et al., 1999; rhesus macaques (Macaca mulatta): VVandeleest et al.,
2013). Even though most mammal species have demonstrated seasonality in cortisol levels,
there is no consistent season when mammals tend to have elevated glucocorticoid levels

(Michael Romero, 2002). Of the available literature on cold habitat primates, there is limited
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comparative data of a direct relationship between season and cortisol levels. Research conducted
by Yang et al. (2015) identified that in Sichuan snub-nosed monkeys (Rhinopithecus roxellana),
variation in fecal glucocorticoid metabolite (FGM) levels were mainly influenced by seasonal
change in male subjects, while females FGM levels were more greatly affected by breeding
versus non-breeding situations. Takeshita et al. (2014) investigated seasonal FGM levels in
Japanese macaques at KUPRI and while this study is not directly analogous to mine, it does
provide the most relevant comparative data. Takeshita et al. (2014) assessed seasonal variation
in total FGM levels in reproductive female Japanese macaques, in a sample with N=12 females
housed in individual-sized indoor cages with controlled temperature conditions and N=27 semi-
free ranging animals exposed to natural thermal conditions. By contrast, my subjects were all
semi-free ranging in outdoor enclosures, subject to natural thermal conditions, and included
animals of both sexes and differing reproductive states. Both studies used similar collection
periods and animals were provisioned food. Takeshita et al. (2014) found significantly higher
FGM levels in cycling females during October to December than lactating females in May and
June, while my study did not find significant seasonal differences in cortisol levels. Though my
findings were not significant, both studies found a similar seasonal pattern, with winter cortisol
levels being marginally higher than summer levels. A possible explanation for the differences in
our findings could be due to variations in housing conditions and study populations. Takeshita et
al.’s (2014) data were pooled across animals kept in indoor cages and those who were semi-free
ranging and exposed to more natural thermal conditions. While the females kept in individual
cages displayed higher overall FGM levels than semi-free ranging animals, Takeshita et al.
(2014) unfortunately did not provide a seasonal comparison between animals in the two housing

conditions. Although my results trend in the same direction as those in the Takeshita study, their
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larger effect size and significant findings may be attributed to pooling housing conditions and the
potential for differential stress experienced by subjects kept in indoor cages compared to the
semi-free ranging animals. My study also included a broader population of both male and
female subjects at varying reproductive stages which may have displayed more variable levels of
stress. This higher variation may have generated a weaker seasonal pattern in cortisol levels,
compared to Takeshita et al.’s (2014) more uniform sample of only cycling and lactating female
Japanese macaques.

Males and female primates also display differences in cortisol levels due to the impacts of
seasonal mating practices and dominance rank (Barett et al., 2002; Cavigelli & Caruso, 2015).
Japanese macaques are considered seasonal breeders, mating from late autumn to early winter
and giving birth from spring to early summer (Garcia et al., 2011). During this time, dominance
rank has been shown to influence cortisol levels, with high-ranking males displaying
significantly higher levels of cortisol in comparison to low ranking males due to the considerable
stress that accompanies mating (Barett et al., 2002). In females, cortisol levels were also shown
to be elevated in cycling females during the mating season, leading to potential variation
between male and female subjects depending on their dominance rank and cycling status
(Takeshita et al., 2014). My statistical test controlled for the effect of individual differences
when comparing winter and summer cortisol levels. While there were not significant differences
in cortisol between individuals, there was a high amount of individual variation (Appendix 1).
This variation could be due to differences in dominance rank and/or female subjects who are
cycling, leading to an effect on cortisol levels that makes it difficult to discern a seasonal pattern.

Free ranging, captive, or semi-free ranging study subjects experience differences in food

availability, some relying heavily on foods that fluctuate seasonally while others are steadily
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provisioned foods. In a study performed by Rangel-Negrin et al. (2009), free-ranging spider
monkeys (Ateles geoffroyi yucatanensis), a tropical primate, living in wild conditions displayed
seasonal differences in cortisol, while captive spider monkeys did not (Rangel-Negrin et al.,
2009; Valero & Byrne, 2007). Free-ranging subjects showed elevated cortisol levels during the
dry season due to a decrease in fruit trees and a reduction in food availability, showing that
seasonal changes can be stressful even under mild seasonal alterations (Rangel-Negrin et al.,
2009). Captive populations, on the other hand, are artificially provisioned food resources which
may alleviate the stressors of fully natural environmental conditions (Morgan & Tromborg,
2007). Typically, winter seasons are more ecologically stressful due to restricted food
availability (Hanya, 2004). However, food-related stressors were potentially reduced in my
study since subjects were semi-free ranging and provisioned food, with the opportunity to both
naturally forage as well as gain food at timed feedings events. Such managed conditions could
be considered relatively constant, eliminating additional stressful factors that are experienced
seasonally (Sha et al., 2018). This potentially led to a reduction in the intensity of seasonal
stress, resulting in low magnitude differences in cortisol levels between seasons.
Aim 2: Temperature Effect on Cortisol

During the summer, there was not a significant relationship between cortisol levels and
temperatures experienced by animals, but during the winter, macaques showed a consistent
negative relationship between cortisol levels and the mean daily maximum temperatures
experienced. These findings weakly confirm my predictions that cortisol levels increase while
temperatures become colder, although this was only displayed with two day mean daily
maximum temperatures experienced by the macaques and no other temperatures measures, after

applying Bonferroni corrections.
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Decreased temperatures have been shown to increase FGM levels during cold stress in
Japanese macaques (Takeshita et al., 2014), chacma baboons (Papio ursinus; Weingrill et al.,
2004) and geladas (Theropithecus gelada; Beehner & McCann, 2008). Different primate species
have shown variable excretion lag times between stressful interactions and detectable
glucocorticoid levels in the feces, for example Virunga mountain gorillas (Gorilla beringei
beringei) exhibited peak levels roughly 60-80 hours post interaction (Eckardt et al., 2016), while
Japanese macaques peak levels occur after roughly 24-48 hours (Shimizu, 2005; Takeshita et al.,
2014). Takeshita et al. (2014) found a significant negative impact of temperature on cortisol
levels at two day lag minimum temperatures, while | found significant negative impact of
temperature at two day lag maximum temperatures. It is unclear why minimum and maximum
temperatures would led to different effects in these studies, but both results nonetheless display a
negative relationship between temperature and cortisol levels, in which cortisol increases under
cooler conditions. This weakly supports a role of day-to-day temperatures on stress in Japanese
macaques. Also, the consistent significance of two day lag times in this study and Takeshita et
al. (2014) may corroborate a biological pattern in which thermal stress can lead to detectable
changes in fecal glucocorticoids within 48 hours.

In addition to temperatures, other weather variables such as wind, precipitation, humidity
and solar radiation have shown to be factors that could influence a primate’s thermoregulatory
responses (Thompson et al., 2017; Weingrill et al., 2004). These variables introduce additional
thermal stressors that may be influencing thermoregulatory coping mechanisms beyond what my

study assessed.
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Aim 3: Effect of Activity on Cortisol

Using the amount of activity as a proxy for ecological stress (Grueter et al., 2013;
Hodges, 2020), | predicted that Japanese macaques would increase their activity levels during
ecologically stressful times and accordingly display an increase in cortisol levels. My results
indicated that there was not an identifiable relationship between cortisol levels and the amount of
daily activity performed by macaques. This may potentially be due to semi-free ranging animals
experiencing less ecological stress than fully free-ranging animals.

Environmental perturbations can disrupt homeostasis and result in ecological stress that
can alter an animal’s activity patterns (Rangel-Negrin et al., 2009; Reeder & Kramer, 2005).
Fully free-ranging animals are subject to greater environmental variability, experiencing stress
due to habitat fragmentation (Franceschini et al., 1997; Romero, 2004; Wikelski & Cooke, 2006)
food availability (Cavigelli, 1999; Chapman et al., 2006) and proximity to humans (Davis et al.,
2005; Rangel-Negrin et al., 2009), all of which can influence activity patterns (Gaynor et al.,
2018). Captive populations, on the other hand, have activity restrictions due to cage or pen size
and are subject to additional sources of stress such as restricted feeding and foraging
opportunities, routine husbandry and forced proximity to humans (Morgan & Tromborg, 2007).
My research subjects were semi-free ranging and hence subject to a combination of stressors
experienced by captive and free-ranging animals. | expected ecological stressors such as food
availability (of ground foliage available ad libitum) to influence my subject’s activity patterns,
thus effecting cortisol levels, but the overall reduction in ecological stressor in semi-free ranging
conditions may have nullified such a pattern.

Previous studies have reported that provisioned primates often regulate their time budgets

and activity patterns in response to seasonal food provisioning (Chauhan & Pirta, 2010; Jaman &
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Huffman, 2013; Saj et al., 1999; Sussman et al., 2011). Many provisioned animals prefer to
forage as this is an inherently rewarding appetitive act and many animals will work to obtain
food, even when it is freely available to them (Coulton et al., 1997; Inglis & Ferguson, 1986;
Inglis & Shepherd, 1994; Menzel, 1991; Morgan & Tromborg, 2007; Reinhardt, 1994). My
research subjects were provisioned and allowed to freely feed on natural vegetation, possibly
reducing ecological stress experienced by fully captive animals that are unable to fulfill their
natural foraging instincts, or free-ranging animals who may have difficulties in procuring
adequate nutrition.

Sha et al. (2018) conducted researched on Japanese macaques (at KUPRI, the same as
this thesis), where accelerometers and the doubly-labelled water method was used to measure
seasonal differences in activity and daily energy expenditure. They found that the total
proportion of diurnal activity differed seasonally in Japanese macaques, displaying lower levels
of activity in the winter season versus the summer. Though | expected activity to increase due to
food foraging efforts during times of reduced food availability (i.e. winter), the intensity of
winter temperatures and greater thermoregulatory demands may have more robustly influenced
the animals’ activity, therefore resulting in less activity in order to conserve energy. For
example, Hanya et al. (2018) found free-ranging Japanese macaques to be less active when
temperatures were at their lowest. Thermal stressors may have played a larger role in shaping an
animal’s activity pattern in comparison to ecological stressors such as food procurement in the
current study, especially since animals were provisioned and may have more heavily relied on
foods that were easy to obtain in order to conserve energy. In the Sha et al. (2018) study it was
also noted that the effect of food resource fluctuation was negligible in the study due to animals

being provisioned, which may have influenced activity patterns.
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Changing seasons can also lead to variation in the density of natural vegetation, with
brush becoming thin or thicker, leading to alterations in the amount of traveling done by
Japanese macaques (Hanya, 2004). This further emphasizes that multiple seasonal
environmental factors can influence activity and depending on the intensity of weather variables
during a given season, the amount and intensity of ecological stress may vary. My broad scope
analysis of the effects of activity on cortisol levels may have not been detailed enough to detect
the potentially smaller effect size of ecological stressors on semi-free ranging populations.

Aim 4: Relationship Between fT3 and Cortisol Levels

My prediction of a relationship between these hormones was supported, showing a
significant positive relationship between T3z and cortisol levels during both seasons. This
positive relationship may be attributable to these hormones’ corresponding involvement in
primates’ energetic condition. The relationship between fT3 and cortisol suggests a coordinated
metabolic response to meet energetic demands, whether due to thermal, ecological, or other
stressors.

Several hormones are involved in the regulation of metabolism (Norman & Litwack,
1997), such as insulin, glucagon, cortisol, and thyroid hormones (Emery Thompson, 2017).
These hormones work in concert to facilitate energy storage, regulate energy homeostasis and
regulate basal metabolic rate (Emery Thompson, 2017). While tropical mantled howler monkeys
(Alouatta palliata) do not experience the same intensity of seasonal changes as Japanese
macaques, researchers found that glucocorticoids and thyroid hormones reflect variation in
energetic condition (Dias et al., 2017). This research suggests that these hormones offer
complementary information on the energetic condition of a primate, supporting the positive

relationship | found between fT3 and cortisol levels in Japanese macaques. This comprehensive
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metabolic response may be exercised in response to changes in energetic requirements. While
my study found only weak support for an effect of thermal stress, and no effect of ecological
stress, the relationship between cortisol and fTz nonetheless implies that animals fluctuate these
metabolic pathways in response to changing stressors experienced in their environment.
Limitations

Some limiting factors should be taken into consideration when assessing my data,
including the previously mentioned impacts of food provisioning, as well as dominance rank and
length of data collection period. | sampled a small population of semi-free ranging animals
whose food was provisioned. While animals were still able to feed freely on natural vegetation,
the consistent availability of food may have altered the intensity of ecological stress that free-
ranging animals experience when trying to procure food in their natural environment. Also,
dominance rank has shown to be a significant stressor experienced by primates, with varying
effects on male and female subjects (Cavigelli & Caruso, 2015; Majolo et al., 2005). Dominant
males display glucocorticoid levels at or above the levels seen in subordinate males, while the
opposite was found in females (Cavigelli & Caruso, 2015). | did control for individual identity
in my statistical analysis, but variations due to hierarchical status may still potentially influence
cortisol levels (Majolo et al., 2005). Lastly, my research only assessed one summer and winter
season. While a larger collection period may not have yielded different results, a long-term
assessment may provide additional insight into gradual alterations in season that may not be
discernable with only a discrete two-season assessment. Likewise, significant ecological and
thermal changes can occur over the course of several years with notable alterations in
temperature and precipitation (Graham et al., 2016). These variations may impact an animal’s

thermoregulatory capabilities and influence energetic condition (Graham et al., 2016; Mitchell et
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al., 2009). In addition, yearly thermal differences can impact the environmental landscape,
altering the quantity and quality of food supply (Graham et al., 2016; King et al., 2005; Pave et
al., 2012; Wiederholt & Post, 2010).
Conclusions

Japanese macaques experience significant thermal and ecological stressors that are
interconnected and can dynamically influence an animal’s behavior and physiology (Hanya et
al., 2007; Sha et al., 2018; Takeshita et al., 2018). In this study, cortisol levels did not show a
significant difference between summer and winter, but lower maximum temperatures during the
winter season resulted in higher cortisol levels, likely related to thermoregulatory and energetic
demands. Japanese macaques’ activity patterns did not show a relationship with cortisol levels,
which may be attributable to reduced ecological stressors under semi-free ranging conditions.
Lastly, it appears that a unified metabolic response occurs between fTz and cortisol levels, likely
responding to energetic demands during both seasons. This highlights the complexity of thermal
and ecological stressors experienced by Japanese macaques and the associated physiological
changes. Although this study was not able to fully distinguish the detailed effects of seasonal
stressors on hormones, my findings suggests that there is a coordinated metabolic response that

may aid animals in meeting thermoregulatory and energetic demands.
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Appendix 1. Seasonal cortisol levels by individual animal ID, separated by male (A) and female

(B) subjects.
Males
Season
0064 © Summer
b @ Winter
.
. °
®
.
005 [ ] [ ]
.
)
. . °
[ ]
L
N
0.04- L4 L ]
- ®
o
003 T T T T T T T T
1704 1976 2149 2197 2208 2330 2389 2514

Animal Identification Number

41

Cortisol (ug/ml)

Females
Season
0.06 ® Summer
TWinter
.
]
.
0.05+
[ ]
.
[ ]
.
o
.
0.04+
.
o
0.03

T T T T T T T T T
1971 2061 2108 2133 2171 2291 2323 2430 2478
Animal Identification Number



References
Abbott, D. H., Keverne, E. B., Bercovitch, F. B., Shively, C. A., Mendoza, S. P., Saltzman, W.,
Sapolsky, R. M. (2003). Are subordinates always stressed? A comparative analysis of rank

differences in cortisol levels among primates. Hormones and Behavior, 43(1), 67-82.

Agetsuma, N. (1995). Foraging strategies of Yakushima macaques (Macaca fuscata yakui).

International Journal of Primatology, 16(4), 595-6009.

Agetsuma, N. (2000). Influence of temperature on energy intake and food selection by macaques.

International Journal of Primatology, 21(1), 103-111.

Agetsuma, N., & Nakagawa, N. (1998). Effects of habitat differences on feeding behaviors of

Japanese monkeys: Comparison between Yakushima and Kinkazan. Primates, 39(3), 275-289

Anderson, J. R., & McGrew, W. C. (1984). Guinea baboons (Papio papio) at a sleeping site.
American Journal of Primatology, 6(1), 1-14.

Anestis, S. F., Breakey, A. A., Beuerlein, M. M., & Bribiescas, R. G. (2009). Specific gravity as an
alternative to creatinine for estimating urine concentration in captive and wild chimpanzee (Pan

troglodytes) samples. American Journal of Primatology, 71(2), 130-135.

Ansorge, V., Hammerschmidt, K., & Todt, D. (1992). Communal roosting and formation of sleeping
clusters in barbary macaques (Macaca sylvanus). American Journal of Primatology, 28(4), 271-
280.

Armario, A., Castellanos, J. M., & Balasch, J. (1984). Effect of acute and chronic psychogenic stress
on corticoadrenal and pituitary-thyroid hormones in male rats. Hormone Research, 20(4), 241-

245.

42



Ayres, K. L., Booth, R. K., Hempelmann, J. A., Koski, K. L., Emmons, C. K., Baird, R. W., Wasser,
S. K. (2012). Distinguishing the impacts of inadequate prey and vessel traffic on an endangered
killer whale (Orcinus orca) population. PLOS ONE, 7(6), e36842.

Bacci, M. L., Nannoni, E., Govoni, N., Scorrano, F., Zannoni, A., Forni, M., Sardi, L. (2014). Hair
cortisol determination in sows in two consecutive reproductive cycles. Reproductive Biology,

14(3), 218-223.

Barrett, G. M., Shimizu, K., & Bardi, M. (2002). Endocrine correlates of rank, reproduction, and
female-directed aggression in male Japanese macaques (Macaca fuscata). Hormones and

Behavior, 42, 85-96.

Beehner, J. C., & McCann, C. (2008). Seasonal and altitudinal effects on glucocorticoid metabolites

in a wild primate (Theropithecus gelada). Physiology & Behavior, 95(3), 508-514.

Behringer, V., & Deschner, T. (2017). Non-invasive monitoring of physiological markers in primates.

Hormones and Behavior, 91, 3-18.

Benitez-Dorta, V., Caballero, M. J., Betancor, M. B., Manchado, M., Tort, L., Torrecillas, S.,
Zamorano, M. J., Izquierdo, M., & Montero, D. (2017). Effects of thermal stress on the
expression of glucocorticoid receptor complex linked genes in Senegalese sole (Solea
senegalensis): acute and adaptive stress responses. General and Comparative Endocrinology,

252, 173-185.

Bicca-Marques, J. C., & Calegaro-Marques, C. (1998). Behavioral thermoregulation in a sexually and
developmentally dichromatic Neotropical primate, the black-and-gold howling monkey

(Alouatta caraya). American Journal of Physical Anthropology, 106(4), 533-546.

43



Blum, J. W., Gingins, M., Vitins, P., & Bickel, H. (1980). Thyroid hormone levels related to energy
and nitrogen balance during weight loss and regain in adult sheep. European Journal of

Endocrinology, 93(4), 440-447.

Boinski, S., & Garber, P. A., (Ed.). (2000). On the move: how and why animals travel in groups (pp.
xi, 811). University of Chicago Press.

Boswell, T., Woods, S. C., & Kenagy, G. J. (1994). Seasonal changes in body mass, insulin, and
glucocorticoids of free-living golden-mantled ground squirrels. General and Comparative

Endocrinology, 96(3), 339-346.

Bourbonnais, M. L., Nelson, T. A, Cattet, M. R. L., Darimont, C. T., & Stenhouse, G. B. (2013).
Spatial analysis of factors influencing long-term stress in the grizzly bear (Ursus arctos)

population of Alberta, Canada. PLOS ONE, 8(12), e83768.

Boyles, J. G., Seebacher, F., Smit, B., & McKechnie, A. E. (2011). Adaptive thermoregulation in
endotherms may alter responses to climate change. Integrative and Comparative Biology Oxford
Academic, 51(5), 676-690.

Broeckhoven, C., & Mouton, P. le F. N. (2015). Some like it hot: camera traps unravel the effects of
weather conditions and predator presence on the activity levels of two lizards. PLOS ONE, 10(9),

e0137428.

Campbell, L. A. D., Tkaczynski, P. J., Mouna, M., Derrou, A., Oukannou, L., Majolo, B., & van
Lavieren, E. (2018). Behavioural thermoregulation via microhabitat selection of winter sleeping
areas in an endangered primate: implications for habitat conservation. Royal Society Open

Science, 5(12), 181113.

44



Castellani, J. W., & Young, A. J. (2016). Human physiological responses to cold exposure: acute

responses and acclimatization to prolonged exposure. Autonomic Neuroscience, 196, 63-74.

Cavigelli, S. A., & Caruso, M. J. (2015). Sex, social status and physiological stress in primates: the
importance of social and glucocorticoid dynamics. Philosophical Transactions of the Royal

Society B: Biological Sciences, 370(1669), 20140103.

Cavigelli, S. A., Dubovick, T., Levash, W., Jolly, A., & Pitts, A. (2003). Female dominance status and
fecal corticoids in a cooperative breeder with low reproductive skew: ring-tailed lemurs (Lemur

catta). Hormones and Behavior, 43(1), 166-179.

Chaffee, R. R., & Allen, J. R. (1973). Effects of ambient temperature on the resting metabolic rate of
cold- and heat-acclimated Macaca mulatta. Comparative Biochemistry and Physiology. A,

Comparative Physiology, 44(4), 1215-1225.

Chapman, C. A, Gillespie, T. R., & Goldberg, T. L. (2005). Primates and the ecology of their
infectious diseases: how will anthropogenic change affect host-parasite interactions?

Evolutionary Anthropology: Issues, News, and Reviews, 14(4), 134-144.

Chappell, M. A. (1980). Thermal energetics and thermoregulatory costs of small arctic mammals.
Journal of Mammalogy, 61(2), 278-291.

Chen, H., Yao, H., Yang, W., Fan, P., & Xiang, Z. (2017). Assessing the utility of urinary and fecal
cortisol as an indicator of stress in golden snub-nosed monkeys (Rhinopithecus roxellana).
PeerJ, 5, e3648.

Chivers, D. J., (1977). The feeding behavious of siamang (Symphalangue syndactylus). In Clutton-
Brock TH, (Ed.), Primate ecology: studies of feeding and ranging behaviour in lemurs, monkeys

and apes. Academic, London, pp 355-382.

45



Cizza, G., Brady, L. S., Esclapes, M., Blackman, M. R., Gold, P. W., & Chrousos, G. P. (1996). Age
and gender influence basal and stress-modulated hypothalamic-pituitary-thyroidal function in
fischer 344/N Rats. Neuroendocrinology, 64(6), 440-448.

Corlatti, L., Palme, R., & Lovari, S. (2014). Physiological response to etho-ecological stressors in

male Alpine chamois: timescale matters! Naturwissenschaften, 101(7), 577-586.

Coulton, L. E., Waran, N. K., Young, R. J. (1997). Effects of foraging enrichment on the behaviour of

parrots. Animal Welfare, 6, 357-363.

Cozzolino, R., Cordischi, C., Aureli, F., & Scucchi, S. (1992). Environmental temperature and

reproductive seasonality in Japanese macaques (Macaca fuscata). Primates, 33(3), 329-336.

Cristobal-Azkarate, J., Maréchal, L., Semple, S., Majolo, B., & MacLarnon, A. (2016). Metabolic
strategies in wild male Barbary macaques: evidence from faecal measurement of thyroid

hormone. Biology Letters, 12(4), 20160168.

Cui, LW., Quan, R.C., & Xiao, W. (2006). Sleeping sites of black-and-white snub-nosed monkeys

(Rhinopithecus bieti) at Baima Snow Mountain, China. Journal of Zoology, 270(1), 192-198.

Curtis, D. J., & Rasmussen, M. A. (2006). The evolution of cathemerality in primates and other
mammals: a comparative and chronoecological approach. Folia Primatologica, 77(1-2), 178—
193.

Danforth, E., & Burger, A. (1984). The role of thyroid hormones in the control of energy expenditure.
Clinics in Endocrinology and Metabolism, 13(3), 581-595.

Daubenmire, R. (1972). Phenology and other characteristics of tropical semi-deciduous forest in

north-western Costa Rica. The Journal of Ecology, 60, 147-170.

46



Davis, N., Schaffner, C. M., & Smith, T. E. (2005). Evidence that zoo visitors influence HPA activity
in spider monkeys (Ateles geoffroyii rufiventris). Applied Animal Behaviour Science, 90(2), 131-

141.

Davis, R. W. (2019). Metabolism and Thermoregulation. In Davis RW, (Ed.), Marine Mammals:

Adaptations for an Aquatic Life (pp. 57—-87). Springer International Publishing.

de Bruijn, R., & Romero, L. M. (2011). Behavioral and physiological responses of wild-caught
European starlings (Sturnus vulgaris) to a minor, rapid change in ambient temperature.
Comparative Biochemistry and Physiology Part A: Molecular & Integrative Physiology, 160(2),

260-266.

Dias, P. A. D., Coyohua-Fuentes, A., Canales-Espinosa, D., Chavira-Ramirez, R., & Rangel-Negrin,
A. (2017). Hormonal correlates of energetic condition in mantled howler monkeys. Hormones

and Behavior, 94, 13-20.

Eckardt, W., Stoinski, T. S., Rosenbaum, S., Umuhoza, M. R., & Santymire, R. (2016). Validating
faecal glucocorticoid metabolite analysis in the Virunga mountain gorilla using a natural
biological stressor. Conservation Physiology, 4(1), cow029.

Emery Thompson, M. (2017). Energetics of feeding, social behavior, and life history in non-human

primates. Hormones and Behavior, 91, 84-96.

Emery Thompson, M., Muller, M. N., Kahlenberg, S. M., & Wrangham, R. W. (2010). Dynamics of
social and energetic stress in wild female chimpanzees. Hormones and Behavior, 58(3), 440—

449.

47



Fernandez-Duque, E., de la Iglesia, H., & Erkert, H. G. (2010). Moonstruck primates: owl monkeys
(Aotus) need moonlight for nocturnal activity in their natural environment. PLOS ONE, 5(9),

e12572.

Franceschini, M., Ziegler, T. E., Scheffler, G. E., Kaufman, A. & Sollod, A. (1997). A comparative
analysis of fecal cortisol concentrations between four populations of wooly monkeys (Lagothrix
lagotricha) living under different environmental conditions. AAZV Annual Conference
Proceedings, Houston, TX, USA. 303-305

Fredericksen, T. S. (2014). Thermal regulation and habitat use of the eastern box turtle in

southwestern Virginia. Northeastern Naturalist, 21(4), 554-564.

Fujita, S., Mitsunaga, F., Sugiura, H., & Shimizu, K. (2001). Measurement of urinary and fecal
steroid metabolites during the ovarian cycle in captive and wild Japanese macaques, Macaca
fuscata. American Journal of Primatology, 53(4), 167-176.

Garcia, C., Huffman, M. A., Shimizu, K., & Speakman, J. R. (2011). Energetic consequences of
seasonal breeding in female Japanese macaques (Macaca fuscata). American Journal of Physical

Anthropology, 146(2), 161-170.

Gaynor, K. M., Hojnowski, C. E., Carter, N. H., & Brashares, J. S. (2018). The influence of human

disturbance on wildlife nocturnality. Science, 360(6394), 1232-1235.

Génin, F., Nibbelink, M., Galand, M., Perret, M., & Ambid, L. (2003). Brown fat and nonshivering
thermogenesis in the gray mouse lemur (Microcebus murinus). American Journal of Physiology-

Regulatory, Integrative and Comparative Physiology, 284(3), R811-R818.

Genuth, SM. (1993). The endocrine system. In Berne RM, Levy MN, (Ed.), Physiology. Vol 3 Mosby

Year Book, St. Louis, pp. 813-1024.

48



Glander K. E., (1975). Habitat description and resource utilization: A preliminary report on mantled
howler monkey ecology. In Tuttle RH, (Ed.), Sociology and psychology of primates (pp. 37-57).
The Hague: Mouton.

Glander K. E., (2006). Average body weight for mantled howling monkeys (Alouatta palliata): an
assessment of average values and variability. In Estrada A, Garber PA, Pavelka M, Leucke L,
(Ed.), New perspectives in the study of Mesoamerican primates (pp. 247-263). New York:
Springer.

Gobush, K. S., Booth, R. K., & Wasser, S. K. (2014). Validation and application of noninvasive
glucocorticoid and thyroid hormone measures in free-ranging Hawaiian monk seals. General and

Comparative Endocrinology, 195, 174-182.

Grace, J., & Easterbee, N. (1979). The natural shelter for red deer (Cervus elaphus) in a Scottish glen.
Journal of Applied Ecology, 16(1), 37-48.

Graham, T. L., Matthews, H. D., & Turner, S. E. (2016). A global-scale evaluation of primate
exposure and vulnerability to climate change. International Journal of Primatology, 37(2), 158—

174.

Grueter, C. C., Li, D., Ren, B., & Li, M. (2013). Overwintering strategy of Yunnan snub-nosed

monkeys: adjustments in activity scheduling and foraging patterns. Primates, 54(2), 125-135.

Gursky, S. (2003). Lunar philia in a nocturnal primate. International Journal of Primatology, 24(2),

351-367.

Hanya, G., (2004). Diet of a Japanese macaque troop in the coniferous forest of Yakushima.

International Journal of Primatology, 25(1), 55-71.

49



Hanya, G., (2004). Seasonal variations in the activity budget of Japanese macaques in the coniferous
forest of Yakushima: effects of food and temperature. American Journal of Primatology, 63,
165-177.

Hanya, G. (2010). Ecological adaptations of temperate primates: population density of Japanese
macaques. In Nakagawa N, Nakamichi M, Sugiura H, (Ed.), The Japanese macaques (pp. 79—

97).

Hanya, G., Kiyono, M., & Hayaishi, S. (2007). Behavioral thermoregulation of wild Japanese
macaques: comparisons between two subpopulations. American Journal of Primatology, 69(7),

802-815.

Hanya, G., Otani, Y., Hongo, S., Honda, T., Okamura, H., & Higo, Y. (2018). Activity of wild
Japanese macaques in Yakushima revealed by camera trapping: patterns with respect to season,

daily period and rainfall. PLOS ONE, 13(1), e0190631.

Harlow, H. J., & Seal, U. S. (1981). Changes in hematology and metabolites in the serum and urine of

the badger, Taxidea taxus, during food deprivation. Canadian Journal of Zoology. 592123-2128.

Helmreich, D. L., & Tylee, D. (2011). Thyroid hormone regulation by stress and behavioral
differences in adult male rats. Hormones and Behavior, 60(3), 284-291.

Hill, R., (2005). Day length seasonality and the thermal environment. In Brockman DR, van Schaik
CP, (Ed.), Seasonality in primates: studies of living and extinct human and non-human primates.
Cambridge University Press, Cambridge, pp 197-213.

Hodges, S. (2020). Paternal activity budgets of the Peruvian San Martin titi monkey (Plecturocebus
oenanthe) in response to habitat destruction, seasonality, thermal stress, and infant care. Primate

Conservation, 34,1-12.

50



Hodges J.K, & Heistermann M. (2011) Field endocrinology: monitoring hormonal changes in free-
ranging primates. In Setchell JM, Curtis DJ, (Ed.), Field and laboratory methods in primatology
(pp.353-370). Cambridge: Cambridge University Press.

Honess, P. E., & Marin, C. M. (2006). Behavioural and physiological aspects of stress and aggression

in nonhuman primates. Neuroscience & Biobehavioral Reviews, 30(3), 390-412.

Hori, T., Nakayama, T., Tokura, H., Hara, F., & Suzuki, M. (1977). Thermoregulation of the Japanese

macaque living in a snowy mountain area. The Japanese Journal of Physiology, 27(3), 305-319.

Houser, D. S., Yeates, L. C., & Crocker, D. E. (2011). Cold stress induces an adrenocortical response
in bottlenose dolphins (Tursiops truncatus). Journal of Zoo and Wildlife Medicine, 42(4), 565—

o571,

Inglis, I. R., & Ferguson, N. J. (1986). Starlings search for food rather than eat freely-available,

identical food. Animal Behaviour, 34(2), 614-617.

Inglis, I. R., & Shepherd, D. S. (1994). Rats work for food they then reject: support for the

information-primacy approach to learned industriousness. Ethology, 98(2), 154-164.

Ingram, J. R., Crockford, J. N., & Matthews, L. R. (1999). Ultradian, circadian and seasonal rhythms
in cortisol secretion and adrenal responsiveness to ACTH and yarding in unrestrained red deer

(Cervus elaphus) stags. The Journal of Endocrinology, 162(2), 289-300.

Kaak, B., Walker, L., Brizzee, K. R., & Wolf, R. H. (1979). Comparative normal levels of serum

trilodothyronine and thyroxine in nonhuman primates. Laboratory Animal Science, 29, 191-194.

Kawai, M. (1969). Ecology of Japanese Monkeys. Tokyo: Kaware-Shobo-Shinsha.

o1



Kearney, M., Shine, R., & Porter, W. P. (2009). The potential for behavioral thermoregulation to
buffer “cold-blooded” animals against climate warming. Proceedings of the National Academy of

Sciences of the United States of America, 106(10), 3835-3840.

Khan, M. Z., Altmann, J., Isani, S. S., & Yu, J. (2002). A matter of time: evaluating the storage of

fecal samples for steroid analysis. General and Comparative Endocrinology, 128(1), 57—64.

Kilburn-Watt, E., Banati, R. B., Keay, K. A., (2012). Altered thyroid hormone regulation and
behavioural change in a sub-population of rats following injury. Journal of Neuroendocrinology,
22(8), 960-970.

Kim, B. (2008). Thyroid hormone as a determinant of energy expenditure and the basal metabolic

rate. Thyroid, 18(2), 141-144.

King, S. J., Arrigo-Nelson, S. J., Pochron, S. T., Semprebon, G. M., Godfrey, L. R., Wright, P. C., &
Jernvall, J. (2005). Dental senescence in a long-lived primate links infant survival to

rainfall. Proceedings of the National Academy of Sciences of the USA, 102, 16579-16583.

Kinoshita, K. (2018). A review of hormone analysis on primate ecology. Primate Research, 34(1), 5—

15.

Kondo, K., Harbuz, M. S., Levy, A., & Lightman, S. L. (1997). Inhibition of the hypothalamic-
pituitary-thyroid axis in response to lipopolysaccharide is independent of changes in circulating

corticosteroids. Neuroimmunomodulation, 4(4), 188-194.

Korstjens, A. H., Lehmann, J., & Dunbar, R. I. M. (2009). Resting time as an ecological constraint on
primate biogeography. Animal Behavior, 72(2), 361-374.

Kurup, G. U., & Kumar, A. (1993). Time budget and activity patterns of the lion-tailed macaque
(Macaca silenus). International Journal of Primatology, 14(1), 27-39.

52



Langer, P., Foldes, O., Kvetiiansky, R., Culman, J., Torda, T., & Daher, F. E. (1983). Pituitary-thyroid
function during acute immobilization stress in rats. Experimental and Clinical Endocrinology &
Diabetes, 82(4), 51-60.

Lewanzik, D., Kelm, D. H., Greiner, S., Dehnhard, M., & Voigt, C. C. (2012). Ecological correlates
of cortisol levels in two bat species with contrasting feeding habits. General and Comparative

Endocrinology, 177(1), 104-112.

Majolo, B., Ventura, R., & Koyama, N. F. (2005). Sex, rank and age differences in the Japanese
macaque (Macaca fuscata yakui) participation in inter-group encounters. Ethology, 111(5), 455—

468.

MccCallister, J. M., Smith, T. E., & Elwood, R. W. (2004). Validation of urinary cortisol as an
indicator of hypothalamic-pituitary-adrenal function in the bearded emperor tamarin (Saguinus

imperator subgrisescens). American Journal of Primatology, 63(1), 17-23.

Ménard, N., Motsch, P., Delahaye, A., Saintvanne, A., Le Flohic, G., Dupé, S., Vallet, D., Qarro, M.,
& Pierre, J.-S. (2013). Effect of habitat quality on the ecological behaviour of a temperate-living

primate: time-budget adjustments. Primates, 54(3), 217-228.

Menchetti, L., Brecchia, G., Canali, C., Cardinali, R., Polisca, A., Zerani, M., & Boiti, C. (2015).
Food restriction during pregnancy in rabbits: effects on hormones and metabolites involved in

energy homeostasis and metabolic programming. Research in Veterinary Science, 98, 7-12.

Menon, S., & Poirier, F. E. (1996). Lion-tailed macaques (Macaca silenus) in a disturbed forest
fragment: activity patterns and time budget. International Journal of Primatology, 17(6), 969—

985.

53



Menzel, E. W. (1991). Chimpanzee (Pan troglodytes): problem-solving versus the bird-in-the-hand,

least-effort strategy. Primates, 32, 497-508.

Merritt, J. F., & Zegers, D. A. (2002). Maximizing survivorship in cold: thermogenic profiles of non-
hibernating mammals. Acta Theriologica, 47(1), 221-234.

Meyer, J. S., & Hamel, A. F. (2014). Models of stress in nonhuman primates and their relevance for
human psychopathology and endocrine dysfunction. ILAR Journal, 55(2), 347-360.

Michael Romero, L. (2002). Seasonal changes in plasma glucocorticoid concentrations in free-living

vertebrates. General and Comparative Endocrinology, 128(1), 1-24.

Mitchell, D., Fuller, A., & Maloney, S. K. (2009). Homeothermy and primate bipedalism: is water
shortage or solar radiation the main threat to baboon (Papio hamadryas) homeothermy? Journal

of Human Evolution, 56(5), 439-446.

Morgan, K. N., & Tromborg, C. T. (2007). Sources of stress in captivity. Applied Animal Behaviour

Science, 102(3), 262-302.

Morland H.S., (1993). Seasonal behavioral variation and its relationship to thermoregulation in ruffed
lemurs (Varecia variegata variegata). In Kappler PM, Ganzohrn JU, (Ed.), Lemur social systems

and their ecological basis. New York: Plenum Press. 193-203.

Nakagawa, N., Nakamichi, M., & Sugiura, H. (Ed.), (2010). The Japanese macaques. Tokyo; New
York: Springer.

Norman, A. W., & Litwack, G. (1997). Hormones. Academic Press.

Oates, J. F., (1987). Food distribution and foraging behavior. In Smuts BB, Cheney DL, Seyfarth RM,
Wrangham RW, Struhsaker TT, (Ed.), Primate societies. University of Chicago Press, Chicago,

pp 197-209.

54



O’Brien, T. G., & Kinnaird, M. F. (1997). Behavior, diet, and movements of the Sulawesi crested

black macaque (Macaca nigra). International Journal of Primatology, 18(3), 321-351.

Ogawa, H., & Wada, K. (2011). Shape of, and body direction in, huddles of Japanese macaques
(Macaca fuscata) in Arashiyama, Japan. Primates, 52(3), 229-235.
Paakkonen, T., & Leppéluoto, J. (2002). Cold exposure and hormonal secretion: A review.

International Journal of Circumpolar Health, 61(3), 265-276.

Palme, R., Rettenbacher, S., Touma, C., EI-Bahr, S. M., & Mdstl, E. (2005). Stress hormones in
mammals and birds: comparative aspects regarding metabolism, excretion, and noninvasive
measurement in fecal samples. Annals of the New York Academy of Sciences, 1040, 162-171.

Pavé, R., Kowalewski, M. M., Garber, P. A., Zunino, G. E., Fernandez, V. A., & Peker, S. M. (2010)
Infant mortality in black-and-gold howlers (Alouatta caraya) living in a flooded forest in
Northeaster Argentina. International Journal of Primatology, 33, 937-957.

Phillips, K. A., Bales, K. L., Capitanio, J. P., Conley, A., Czoty, P. W., ‘t Hart, B. A., Voytko, M. L.

(2014). Why primate models matter. American Journal of Primatology, 76(9), 801-827.

Radford, A. N., McCleery, R. H., Woodburn, R. J. W., & Morecroft, M. D. (2001). Activity patterns

of parent great tits Parus major feeding their young during rainfall. Bird Study, 48(2), 214-220.

Raemaekers, J., (1980). Causes of variation between months in the distance traveled daily of gibbons.

Folia Primatologica, 34(1-2), 46-60.

Rangel-Negrin, A., Alfaro, J. L., Valdez, R. A., Romano, M. C., & Serio-Silva, J. C. (2009). Stress in
Yucatan spider monkeys: effects of environmental conditions on fecal cortisol levels in wild and

captive populations. Animal Conservation, 12(5), 496-502.

55



Rasmussen, D. T. (1997). Creatures of the dark: the nocturnal prosimians. American Scientist, 85(3),
284-285.

Reeder, D. M. & Kramer, K. M. (2005). Stress in free-ranging mammals: integrating physiology,
ecology and natural history. Journal of Mammalogy. 86, 225-235.

Reinhardt, V. (1994). Caged rhesus macaques voluntarily work for ordinary food. Primates, 35, 95-
98.

Romero, L. M. (2004). Physiological stress in ecology: lessons from biomedical research. Trends in

Ecology & Evolution, 19(5), 249-255.

Rosen, E. D., & Spiegelman, B. M. (2006). Adipocytes as regulators of energy balance and glucose

homeostasis. Nature, 444(7121), 847-853.

Sapolsky R. M. (1992). Neuroendocrinology of the stress response. In Becker JB, Marc Breedlove S,
Crews D, (Ed.), Behavior endocrinology, MIT Press, Cambridge, pp. 284-324.

Sapolsky, R. M., Romero, L. M., & Munck, A. U. (2000). How do glucocorticoids influence stress
responses? Integrating permissive, suppressive, stimulatory, and preparative actions. Endocrine

Reviews, 21(1), 55-89.

Sargeant, G. A., Eberhardt, L. E., & Peek, J. M. (1994). Thermoregulation by mule deer (Odocoileus
hemionus) in arid rangelands of southcentral Washington. Journal of Mammalogy, 75(2), 536—
544.

Sato, H., Ichino, S., & Hanya, G. (2014). Dietary modification by common brown lemurs (Eulemur

fulvus) during seasonal drought conditions in western Madagascar. Primates, 55(2), 219-230.

56



Schaebs, F. S., Wolf, T. E., Behringer, V., & Deschner, T. (2016). Fecal thyroid hormones allow for
the noninvasive monitoring of energy intake in capuchin monkeys. Journal of Endocrinology,

231(1), 1-10.

Schiml, P. A., Mendoza, S. P., Saltzman, W., Lyons, D. M., & Mason, W. A. (1999). Annual
physiological changes in individually housed squirrel monkeys (Saimiri sciureus). American

Journal of Primatology, 47(2), 93-103.

Schino, G., & Troisi, A. (1998). Mother-infant conflict over behavioral thermoregulation in Japanese
macaques. Behavioral Ecology Sociobiology 43, 81-86.
Silva, J. E. (1995). Thyroid hormone control of thermogenesis and energy balance. Thyroid, 5(6),

481-492.

Silva, J. E. (2003). The thermogenic effect of thyroid hormone and its clinical implications. Annals of

Internal Medicine; Philadelphia, 139(3), 205-213.

Sha, J. C. M., Kurihara, Y., Tsuji, Y., Take, M., He, T., Kaneko, A., Suda-Hashimoto, N., Morimoto,
M., Natsume, T., Zahariev, A., Blanc, S., & Hanya, G. (2018). Seasonal variation of energy

expenditure in Japanese macaques (Macaca fuscata). Journal of Thermal Biology, 76, 139-146.

Shimizu, K. (2005). Studies on reproductive endocrinology in non-human primates: application of

non-invasive methods. The Journal of Reproduction and Development, 51(1), 1-13.

Smith, T., & French, J. (1997). Psychosocial stress and urinary cortisol excretion in marmoset

monkeys. Physiology & Behavior, 62(2), 225-232.

Stelzner, J. K., & Hausfater, G. (1986). Posture, microclimate, and thermoregulation in yellow

baboons. Primates, 27(4), 449-463.

57



Sterling, E., Bynum, N., & Blair, M. (2013). Primate Ecology and Conservation (1% Edition). Oxford
University Press.

Stocker, M., Munteanu, A., Stdwe, M., Schwab, C., Palme, R., & Bugnyar, T. (2016). Loner or
socializer? Ravens’ adrenocortical response to individual separation depends on social

integration. Hormones and Behavior, 78, 194-199.

Takahashi, H. (2002). Female reproductive parameters and fruit availability: factors determining onset

of estrus in Japanese macaques. American Journal of Primatology, 57(3), 141-153.

Takemoto, H. (2004). Seasonal change in terrestriality of chimpanzees in relation to microclimate in
the tropical forest. American Journal of Physical Anthropology, 124(1), 81-92.

Takeshita, R., Bercovitch, F. B., Huffman, M. A., Mouri, K., Garcia, C., Rigaill, L., & Shimizu, K.
(2014). Environmental, biological, and social factors influencing fecal adrenal steroid
concentrations in female Japanese macaques (Macaca fuscata). American Journal of
Primatology, 76(11), 1084-1093.

Takeshita, R. S. C., Bercovitch, F. B., Kinoshita, K., & Huffman, M. A. (2018). Beneficial effect of

hot spring bathing on stress levels in Japanese macaques. Primates 59(3), 215-225.

Tan, C. L., & Knight, Z. (2018). Regulation of body temperature by the nervous system. Neuron,
98(1), 31-48.

Terrien, J. (2011). Behavioral thermoregulation in mammals: A review. Frontiers in Bioscience,
16(1), 6-13.

Terrien, J., Zizzari, P., Bluet-Pajot, M.-T., Henry, P.-Y., Perret, M., Epelbaum, J., & Aujard, F.
(2008). Effects of age on thermoregulatory responses during cold exposure in a nonhuman
primate, Microcebus murinus. American Journal of Physiology. Regulatory, Integrative and

Comparative Physiology, 295, R696-703.
58



Thompson, C. L., Powell, B. L., Williams, S. H., Hanya, G., Glander, K. E., & Vinyard, C. J. (2017).
Thyroid hormone fluctuations indicate a thermoregulatory function in both a tropical (Alouatta
palliata) and seasonally cold-habitat (Macaca fuscata) primate. American Journal of

Primatology, 79(11), e22714.

Thompson, C. L., Scheidel, C., Glander, K. E., Williams, S. H., & Vinyard, C. J. (2017). An
assessment of skin temperature gradients in a tropical primate using infrared thermography and

subcutaneous implants. Journal of Thermal Biology, 63, 49-57.

Tsuji, Y. (2010). Regional, temporal, and interindividual variation in the feeding ecology of Japanese
macaques. In Nakagawa N, Nakamichi M, Sugiura H, (Ed.), The Japanese Macaques (pp. 99—

127).

Tsuji, Y. (2011). Sleeping-site preferences of wild Japanese macaques (Macaca fuscata): the

importance of nonpredatory factors. Journal of Mammalogy, 92(6), 1261-1269.

Tsuji, Y., & Takatsuki, S. (2009). Effects of yearly change in nut fruiting on autumn home-range use
by Macaca fuscata on Kinkazan Island, northern Japan. International Journal of Primatology;

New York, 30(1), 169-181.

Turakulov, Ya. Kh., Burikhanov, R. B., Patkhitdinov, P. P., & Myslitskaya, A. I. (1994). Influence of
immobilization stress on the level of secretion of thyroid hormones. Neuroscience and

Behavioral Physiology, 24(6), 462—-464.

Ueno, M., & Nakamichi, M. (2016). Japanese macaque (Macaca fuscata) mothers huddle with their
young offspring instead of adult females for thermoregulation. Behavioural Processes, 129, 41—

43.

59



Valero, A. & Byrne, R. W. (2007). Spider monkey ranging patterns in Mexican subtropical forest: do
travel routes reflect planning? Animal Cognition, 10, 305-315.

Vandeleest, J. J., Blozis, S. A., Mendoza, S. P., & Capitanio, J. P. (2013). The effects of birth timing
and ambient temperature on the hypothalamic-pituitary-adrenal axis in 3—4 month old rhesus

monkeys. Psychoneuroendocrinology, 38(11), 2705-2712.

Ventura, R., Majolo, B., Schino, G., & Hardie, S. (2005). Differential effects of ambient temperature
and humidity on allogrooming, self-grooming, and scratching in wild Japanese macaques.

American Journal of Physical Anthropology, 126(4), 453-457.

Vessey, S. H. (1973). Night observations of free-ranging rhesus monkeys. American Journal of
Physical Anthropology, 38(2), 613-6109.

Viblanc, V. A., Gineste, B., Robin, J.-P., & Groscolas, R. (2016). Breeding status affects the
hormonal and metabolic response to acute stress in a long-lived seabird, the king penguin.

General and Comparative Endocrinology, 236, 139-145.

Vogel, E. R., & Janson, C. H. (2011). Quantifying primate food distribution and abundance for
socioecological studies: an objective consumer-centered method. International Journal of
Primatology, 32(3), 737-754.

Wada, K., Tokida, E., & Ogawa, H. (2007). The influence of snowfall, temperature and social
relationships on sleeping clusters of Japanese monkeys during winter in Shiga Heights. Primates,
48(2), 130-139.

Walker, B. R., Best, R., Noon, J. P., Watt, G. C. M., & Webb, D. J. (1997). Seasonal variation in
glucocorticoid activity in healthy men. The Journal of Clinical Endocrinology & Metabolism,

82(12), 4015-4019.

60



Walpita, C. N., Grommen, S. V. H., Darras, V. M., & Van der Geyten, S. (2007). The influence of
stress on thyroid hormone production and peripheral deiodination in the Nile tilapia

(Oreochromis niloticus). General and Comparative Endocrinology, 150(1), 18-25.

Wasser, S. K., Azkarate, J. C., Booth, R. K., Hayward, L., Hunt, K., Ayres, K., Rodriguez-Luna, E.
(2010). Non-invasive measurement of thyroid hormone in feces of a diverse array of avian and

mammalian species. General and Comparative Endocrinology, 168(1), 1-7.

Weingrill, T., Barrett, L., & Henzi, S. P. (2004). Indices of environmental temperatures for primates

in open habitats. Primates, 45(1), 7-13.

Weingrill, T., Gray, D. A., Barrett, L., & Henzi, S. P. (2004). Fecal cortisol levels in free-ranging
female chacma baboons: relationship to dominance, reproductive state and environmental

factors. Hormones and Behavior, 45(4), 259-269.

Wiederholt, R., & Post, E. (2010). Tropical warming and the dynamics of endangered

primates. Biology Letters, 6, 257-260.

Wikelski, M., & Cooke, S. J. (2006). Conservation physiology. Trends in Ecology & Evolution, 21(1),

38-46.

Wilson, O., Hedner, P., Laurell, S., Nosslin, B., Rerup, C., & Rosengren, E. (1970). Thyroid and

adrenal response to acute cold exposure in man. Journal of Applied Physiology, 28(5), 543-548.

Wrangham, R. W., (1977). Feeding behaviour of chimpanzees in Gombe National Park, Tanzania. In
Clutton-Brock TH, (Ed.), Primate ecology: studies of feeding and ranging behavior in lemurs,

monkeys and apes. Academic, London, pp 504-538.

61



Wright, P. C. (1989). The nocturnal primate niche in the New World. Journal of Human Evolution,

18(7), 635-658.

Yang, L. L., Huettmann, F., Brown, J. L., Liu, S. Q., Wang, W. X., Yang, J. Y., & Hu, D. F. (2016).
Fecal glucocorticoid metabolite relates to social rank in Sichuan snub-nosed monkeys. Italian

Journal of Zoology, 83(1), 15-25.

Yen, P. M., (2001). Physiological and molecular basis of thyroid hormone action. Physiological

Reviews, 81, 1097-1142.

62



	Hormonal Responses to Seasonal Thermal and Ecological Stressors in Japanese Macaques (Macaca fuscata)
	ScholarWorks Citation

	Nelson Final Approval 2020.pdf

