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Honnones do not fossilize. Yet, arguably, they are as 
important to understanding the evolution of Homo 
sapiens and other primates as any fossil specimen. 
The role of hormones in understanding human life 
history evolution emerges from how genes translate 
into phenotypes with considerable input from environ
mental cues. Most hormones are evolutionarily quite 
conservative, with very similar if not identical chemical 
structures between species. Many hormones that flow 
through the veins of humans are identical to those that 
flow through the most exotic vertebrate. Other hor
mones and receptors, however, can differ in subtle but 
important ways between species and even individuals. 
Honnonal variation, as reflected by circulating levels as 
well as chemical structure, are of central importance to 
the evolution of human life histories, both from a 
macro- and microevolutionary perspective. 

The evolutionary significance of hormones is 
clearly evident in the multitude of functions that are 
served, including growth, reproduction, metabolism, 
and senescence, all of which are central to the evolu
tion of human life histories. Hormones are inextric
ably involved in the optimal allocation of time and 
energy. Insulin, leptin, and cortisol, for example, initi
ate and manage the flow and assessment of energetic 
assets such as glucose and fat. Indeed, hormones are 
involved in life history trade-offs that influence many 
aspects of human health (Bribiescas and Ellison, 
2008). Testosterone, estradiol, and oxytocin affect 
behavioral patterns that result in differences in how 
individuals allocate their time, such as in the trade-off 
between mate seeking and parenting. In essence, hor
mones are a common biological currency that humans 
and other primates share with other organisms. This 
allows biological anthropologists to assess the evolu
tion of life history patterns in reference to a common 
physiological aspect, endocrinology (Bribiescas and 
Ellison, 2008). 

Also important to the evolution of life histories is 
the contribution of hormones to the onset and timing 

of key life history events (Finch and Rose, 1995). 
Childhood growth, reproductive maturation, and 
reproductive senescence all result from changes in hor
mone production. The significance of some changes, 
such as the decline in estrogens during menopause, 
remains to be fully understood from an adaptive per
spective; however, the impact of these changes on 
reproductive investment is unequivocal. In this chap
ter, we present an overview of how hormones contrib
ute to important life history trade-offs, events, and 
characteristics in humans. In doing so, we introduce 
and describe various hormones that are illustrative of 
human life history evolution. The hormones discussed 
are not meant to represent an exhaustive list. Only a 
few representative hormones are discussed to illustrate 
the evolutionary significance of endocrine function in 
human life histories. 

HOW AND WHAT IS MEASURED 
MAKES A DIFFERENCE 

The amount of hormone that is produced is the most 
common mode of assessment in contemporary clinical 
and biological studies, and for good reason. Hormone 
levels provide useful insights into the physiology of an 
organism, such as the presence of illness. For example, 
Graves's disease is the overproduction of thyroid hor
mone, resulting in greater than expected metabolic 
rates and unpleasant symptoms such as bulging eyes. 
A low level of insulin is indicative of type II diabetes. 
Yet, absolute levels only provide a partial picture. 
Variation in hormone levels can result from three basic 
sources; production, clearance, and bioavailability, 
usually resulting from carrier protein binding. Produc
tion is the amount of hormone that is manufactured 
and secreted into the circulatory system. This is the 
most common form of variation. However, hormone 
levels can also be affected by clearance rates, or how 
fast the hormone is flushed from the body by the liver 
and kidneys. Finally, bioavailability, or whether the 
hormone is capable of activating receptors, can be 
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affected by what proportion of the hormone is bound 
to a carrier protein. For example, the vast proportion 
of sex steroid such as estradiol and testosterone in 
circulation is bound to a carrier protein such as sex 
hormone binding globulin (SHBG) (Griffin and Ojeda, 
2004). Sex hormone binding globulin packages the 
steroid and allows it to be carried freely by the circula
tory system until it is needed. The mechanism that 
frees the steroid from its carrier protein is not com
pletely understood, but the amount of carrier protein 
can affect the availability, activity, and influence of a 
hormone in the body. For example, increases in SHBG 
probably account from some of the declines in testos
terone in some older men (Gray et aI., 1991). 

Sample collection protocols, time of day, and fluid 
medium also influence subsequent measurements. 
Moreover, the rate and pattern of production can pro
vide important information into endocrine physiology. 
For example, many steroid hormones are under the 
control of other hormones that are released in a pulsa
tile manner. The frequency and amplitude of secretion 
can also serve as a window into endocrine function. 
Older men for example exhibit changes in pulsatility 
patterns of luteinizing hormone (LH) and follicle
stimulating hormone (FSH) secretion with age 
(Takahashi et aI., 2007). Luteinizing hormone stimu
lates the production of testosterone in men and estra
diol in women while FSH is involved with gamete 
production in both men and women. Hormones in all 
these ways vary between human popUlations, sexes, 
and age classes. Through this variation, adaptive 
plasticity is revealed that indicates that environmental 
and lifestyle factors can alter hormone and receptor 
structure and function. 

While hormones are commonly segregated into dis
tinct categories, such as those related to growth and 
reproduction, it is important to note that most, if not 
all hormones, exhibit complex interactions and cross
talk that span across most physical functions. Organ
izational classifications used in this chapter are meant 
to serve as guideposts for discussion and may not 
necessarily reflect a biological reality in the strict sense. 
For example, testosterone and estradiol are commonly 
referred to as "male" and "female" hormones. While it is 
certainly true that testosterone is often found in greater 
quantities in male circulation, testosterone also serves 
important functions within females despite much lower 
levels. The same applies to estradiol in males. 

This chapter serves to not only provide a brief over
view of hormone physiology, but to also provide con
textual background on how hormones aid in regulating 
the flow of somatic resources such as fat and glucose 
and therefore act as proximate mechanisms for 
adjusting life history trade-offs. Hormones will also 
be shov.'l1 to be central to the evolution and mainten
ance of phenotypic plasticity. 

Richard G. Bribiescas and Michael P. Muehlenbein 

HORMONE FORM, FUNCTION, 
AND ASSESSMENT 

The standard definition of hormones states that they 
are chemical substances secreted by glands into the 
circulatory system, ultimately stimulating receptors 
on distant target tissues. This is mostly true although 
hormones can also enact local or paracrine actions 
close to the site of production as well as autocrine 
actions on the originating cells (Griffin and Ojeda, 
2004). Assessment of hormones can be done with a 
variety of biological substrates and fluids, including 
blood, urine, feces, hair, saliva, cerebral spinal fluid 
(CSF), and tissue. Each medium provides unique chal
lenges, limitations, and advantages, depending on the 
hormone, the research question, and the species. For 
example, blood is the most common diagnostic fluid in 
clinical settings while urine, saliva, and feces are most 
often used in field biology conditions. While blood 
provides access to most hormones, sample collection 
is invasive and optimally performed in clinical settings. 
Saliva is much less invasive but is most appropriate for 
steroid assessment although progress has been made 
with some protein hormones (Groschl et aI., 2001, 
2005). Urine and feces are often used under conditions 
in which sample collection is opportunistic and subject 
manipulation is not possible, as in the case of wild 
nonhuman primate studies (Muehlenbein, 2006). 
When assessing the range of variability and bioactivity 
of a specific hormone, it is important to be aware of the 
limitations and advantages of all of these sources of 
hormone data. 

Blood is often the most direct method of assessing 
a hormone. However, blood measurements provide a 
snapshot of hormonal status and unless multiple draws 
are made, pulsatile and diurnal variation cannot be 
quantified. Salivary measurements allow for multiple 
collections over a relatively brief time period but are 
only practical in human populations and occasionally 
in nonhuman primates (Tiefenbacher et aI., 2003). 
Moreover, salivary measurements can only observe 
steroids, and to a much more limited extent, some 
peptides. Urine assessments dampen pulsatile variabil
ity, which can be used to the researcher's advantage. 
However, assessments of urinary hormones still neces
sitate an awareness of diurnal variability (Anestis and 
Brihiescas, 2004). 

Steroid hormones 

Steroids are small, lipid-soluble molecules derived 
from cholesterol (Figure 8.1). Consequently, in their 
unbound form, they pass freely through cell mem
branes and affect genetic expression and transcription 
of various agents. Steroids are ancient molecules that 
are shared in all vertebrates (Norris, 2007). Indeed, 
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8.1. Steroid hormone synthesis pathways. From GNU Free Documentation License: http://en.wikipedia. 
org/wikilFile:Steroidogenesis.svg 

steroids and their associated ligands may have been 
important for the evolution of vertebrate phenotypic 
complexity and share close similarities to steroids in 
plants and invertebrates, such as phytoestrogens 
(Thornton, 2001). The role of steroids encompasses 
reproductive function, metabolism, and behavior. 
Indeed the brain is rich with steroid receptors. For 
example, mineralocorticoid and glucocorticoid hor
mones are among the most ancient steroids with a 
deep evolutionary history (Bakeret aI., 2007). 

Protein hormones 

The second class of hormones consists of large, water
soluble molecules encoded and transcribed from specific 
genes that can exhibit a significant range of variation in 
their genetic structure and action (Nilsson et ai., 1997; 
Timossi et aI., 2000). Much of the structural variation of 

a specific protein hormone both between individuals 
and populations is not completely understood and often 
rare, depending on the type of hormone. Protein struc
ture variation may reflect microevolutionary processes 
that may have favored a particular protein hormone 
phenotype or limited its range of variation due to strong 
selection pressure. For example, FSH is highly con
served and is not known to exhibit any variation that 
affects hormone levels (Lamminen et aL, 2005). How
ever variation in upstream regulatory regions of the 
beta subunit of FSH (SNP, rs10835638; G/T) does affect 
serum levels (Grigorova et aI., 2008). Luteinizing hor
mone on the other hand exhibits a "wild" and "variant" 
type that is found in many populations. The "variant" 
type is less common and is most often exhibited among 
Australian Aboriginal groups and may be associated 
with subfertility (Nilsson et ai., 1997; Lamminen and 
Huhtaniemi, 2001). 
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Richard G. Bribiescas and Michael P. Muehlenbein-Also worth mentioning are enzymes that regulate 
synthesis pathways of steroid hormones. While not hor
mones themselves, these enzymes control the conver
sion of cholesterol to a specific steroid, often being 
constrained to produce one specific steroid hormone 
before continuing on to its final end product (Figure 
8.1). One such enzyme is aromatase which converts 
testosterone into estradioL Extreme disruptions of 
enzyme structure results in disorders such as congenital 
adrenal hyperplasia, a condition in which the enzymatic 
pathway to the production of cortisol is disrupted 
resulting in the erroneous production of an androgen 
with testosterone-like properties of phenotypic mascu
linization. Nonpathological variation in enzymatic 
structure is evident between human populations. How
ever, further research is necessary to determine the 
fitness implications of population and individual vari
ation (Miller, 2002; lasienska et aL, 2006). 

Another set of proteins act as carrier agents for 
hormones, allowing for efficient dispersal away from 
the site of production. Structural variations in trans
porter or binding proteins have become more evident. 
Variation in thyroid transporting proteins as well as 
SHBG, for example, have illustrated the potential 
importance of these agents in hormone activity (van 
der Deure et al., 2007; Riancho et aL, 2008). As an 
example, the Asp327 Asn polymorphism contributes to 
higher SHBG and testosterone levels among young, 
middle-aged, and older men (Vanbillemont et aI., 
2009). Similarly, SHBG polymorphisms were associ
ated with serum levels in women with the AA genotype 
at the rs 1799941 locus exhibiting the highest SHBG 
levels (Riancho et aI., 2008). It is unclear how significant 
these polymorphisms are to contributing to between 
individual variation in binding protein levels; however, 
their potential effects have yet to be fully explored. 

Hormone receptors 

Both steroid and protein hormones enact their influ
ence by binding to specific proteins on target cells. 
Indeed the evolution of receptors appears to have been 
a crucial aspect in the emergence of multicellular 
organisms (Whitfield et aI., 1999). As with protein hor
mones, receptors are genetically encoded and subject 
to structural variation. Receptors are found on the 
surface and within target cells. The density, specificity, 
and binding capacity of receptors vary depending on 
the type of tissue, the hormone, genetic variation, and 
hormonal milleau. For example, exposure to high 
levels of leptin, a hormone that is secreted by fat cells, 
results in an increase in receptor resistance (Sahu, 
2003). Such variation may reflect an important aspect 
of molecular phenotypic plasticity in which hormone 
influence is regulated within the context of environ
mental conditions. 

Genetic variation is evident in hormone receptors 
and is related to detrimental effects on fertility. For 
example, point mutations of FSH receptors found in 
Scandinavian populations are associated with subfer
tility and sometimes infertility in women, although 
the effects on male fertility appear to be less severe 
(Tapanainen et al., 1997, 1998), Luteinizing hormone 
mutations can also detrimentally affect fertility or 
cause early or precocious puberty (Latronico and 
Segaloff, 1999). 

ENERGY MANAGEMENT 

Energy is often limited in many organisms and must 
therefore be allocated efficiently between competing 
needs such as growth, maintenance, and reproduction 
(Stearns, 1992; Ellison, 2003). Hormones are intri
cately involved in the regulation of energetic resources. 
They both sense and reflect the availability of energy 
substrates such as glucose and fat, regulating the flow 
of energetic assets between the needs of gro\\o'1h, main
tenance, and reproduction. The following descriptions 
are not meant to be an all encompassing list, but rather 
a brief overview of the major hormone functions that 
have received significant attention from human evolu
tionary biologists. 

Growth and organization 

Growth is the embodiment of harvested energy from 
the environment. The amount of energy necessary to 
create tissue is a function of the amount of mass and 
the rate at which that mass is created. From these two 
processes, we can define the size of an organism and 
the pattern in which that tissue is created, otherwise 
known as growth rate. Other important factors include 
the rate of usage by tissue or basal metabolic 
rate and the type of tissue being formed and supported. 
For example, muscle and brain tissue are much more 
metabolically taxing than adipose tissue. Hormones 
are instrumental for these processes as they influence 
cellular replication, differentiation, and enlargement 
as well as the amount of energy to be allocated. For 
more complete discussions of variability in human 
growth and the evolution of rates and patterns of 
human growth, see Chapters 22 and 23 of this volume. 
Excellent reviews of the endocrinology of growth and 
development are provided by Cohen and Rosenfeld 
(2004), Grumbach and Styne (1998), and Reiter and 
Rosenfeld (1998). 

Within the human life cycle, the impacts of hor
mones on growth and development begin in utero. 
Glucose and subsequent increases in insulin, growth 
hormone (GH), and insulin-like growth factor (IGF) 
are crucial for overall skeletal growth and fat 
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deposition. Miillerian-inhibiting factor, testosterone, 
and dihydrotestosterone promote sex-specific defemi
nization and masculinization of the genitalia in male 
and female fetuses (Grumbach and Conte, 1998). Cir
culating gonadotropin (LH and FSH) levels in the fetus 
peak in the second trimester of development, corres
ponding \Nith maximal follicle development in females 
(Faiman et aI., 1976). In males, testosterone levels rise 
during mid-gestation and then fall prior to birth 
(Siiteri and Wilson, 1974). Testosterone levels in males 
are also likely responsible for differences in energetic 
demands on the mother as well as muscle and fat 
deposition compared to female fetuses (Tamimi et aI., 
2003). Interestingly, it is becoming increasingly evident 
that energetic status can alter hormonal milieu in utero 
and potentially influence energetic management or 
even disease during adulthood (Kuzawa and Adair, 
2003; Kuzawa, 2005; Barker et aI., 2008). 

Parturition is accompanied by decreased estrogen 
and progesterone and increased gonadotropin levels in 
infants that persist for the first few months after birth. 
Fetal thyroid hormone levels also surge at birth, which 
may facilitate new thermoregulatory requirements. In 
male infants, there is a second rise in testosterone level 
that falls again prior to the first year of age (Forest 
et aI., 1974). Like the neonatal surge, the functions of 
temporary elevations in androgen levels (beyond mas
culinization of genitalia) are incompletely understood, 
although they may play important roles in sexual dif
ferentiation of the central nervous system (Wilson, 
1982) as well as priming of androgen target tissues 
(De Moor et aI., 1973; Davies and Norman, 2002). 
Nutritional factors in addition to injury and illness 
(Le., immune activation) during development may also 
play important roles in "programming" baseline testos
terone secretion for later adulthood (Bribiescas, 2001; 
Muehlenbein, 2008). Hormonal priming is discussed in 
more detail in Chapter 21 of this volume. 

Childhood growth is marked by a steady increase in 
body mass, particularly from bone growth. The hypo
thalamic-pituitary axis is very sensitive to low levels of 
steroids and thus keeps gonadotropin levels low 
throughout childhood (Kaplan et aI., 1976; Grumbach 
and Styne, 1998). Adrenarche, around six to eight years 
of age, marks the onset of adrenal androgen secretion, 
specifically androstenedione, dehydroepiandrosterone, 
and dehydroepiandrosterone sulfate (DHEAS) follow
ing stimulation by adrenocorticotropin hormone 
(Odell and Parker, 1985; Parker and Rainey, 2004). 
Although the roles of adrenal androgens in the onset 
of puberty are unknown (Parker, 1991), it has been 
suggested that DHEAS produced during adrenarche 
may play an important role in human brain matur
ation, and thus cognitive development (Campbell, 
2006). These androgens may also be involved \-\lith 
decreasing hypothalamic sensitivity to the negative 

feedback effect of circulating sex steroids, thus 
contributing to the subsequent pubertal growth spurt 
(Havelock et al., 2004; Campbell, 2006). 

Comparative studies show that chimpanzees also 
exhibit adrenarche while other primates do not 
(Nadler et aI., 1984; Muehlenbein et aI., 2001). Genetic 
sequence comparisons between humans, chimpanzees, 
rhesus macaques, and baboons ofthe enzyme P450c17, 
which is responsible for the conversion of pregneno
lone to DHEA, revealed different patterns of DHEA 
production with very little genetic variation in the 
P450c17 gene, illustrating the potentially conservative 
evolutionary nature of adrenarche coupled with com
plex endocrine regulatory mechanisms that await fur
ther description (ArIt et aI., 2002). 

During childhood, energy is devoted to increasing 
tissue investment that will increase survivorship. 
During human evolution, this was made possible only 
through parental or allocare since child foraging 
returns tend to be quite low (Hill and Hurtado, 1996; 
Hewlett and Lamb, 2005). Gro\\;1h rates decline rapidly 
during infancy but remain positive and steady 
throughout childhood until the early stages of puberty 
when rates of growth of both bone and sexually 
dimorphic tissue rise in dramatic fa<;hion. 

At puberty, the hypothalamus becomes much less 
sensitive to circulating steroid levels (Plant et aI., 1989; 
Ojeda, 2004b) and begins producing more gonado
tropin-releasing hormone (GnRH) in short pulsatile 
bursts (usually sleep-related) from the arcuate nucleus 
of the medial basal hypothalamus (King et aI., 1985; 
Wu et aI., 1996), Luteinizing hormone and FSH are 
then released in a pulsatile manner from the anterior 
pituitary. Leptin, a lipostatic hormone produced by 
adipose tissue, in conjunction with other growth 
factors, could also contribute to hypothalamic matur
ation (Yu et aI., 1997). 

The frequency and amplitude of gonadotropin 
pulses increase throughout sexual maturation, causing 
enhanced steroid secretion from the gonads (see 
Grumbach and Styne. 1998 for review). Androgens 
(particularly the conversion of testosterone to dihydro
testosterone) control hair, vocal cord and genitalia 
development, fat catabolism, and skeletal muscle anab
olism in boys. Estrogens from the ovaries control 
bi-iliac growth. breast development, and fat redistribu
tion in girls, and androgens from the adrenal cortex 
and ovaries control grO\vth of pubic and axillary hair 
(Grumbach and Styne. 1998). Interestingly. hormones 
associated with adiposity, such as leptin, exhibit 
inverse responses to puberty in males and females. 
with leptin increasing in females and declining in 
males (Garcia-Mayor et aI., 1997). Within the context 
of other mammals. this may indicate differential 
investment in reproductive effort. with adiposity 
being important to childbearing and survivorship 
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while muscle growth provides males with competitive 
advantages (Bribiescas, 2001, 2006a). 

As is evident, a number of hormones are respon
sible for gro\\<1h and differentiation. Growth hormone 
(GH) is released in a pulsatile pattern from the anterior 
pituitary gland following stimulation by growth hor
mone-releasing hormone from the hypothalamus 
as well as thyroid hormones (Reiter and Rosenfeld, 
1998). Somatostatin (somatotropin release-inhibiting 
factor) inhibits the release of GH. Grmvth hormone 
stimulates tissue and skeletal growth primarily by 
increasing insulin-like growth factors (IGFs) I and II 
and their variants (IGFs, somatomedins), particularly 
in the liver and bone (Reiter and Rosenfeld, 1998; 
Cohen and Rosenfeld, 2004). Gonadal steroids also 
trigger GH and IGF synthesis and secretion (Attie 
et al., 1990; Rogol, 1994). The IGF-binding proteins 
playa number of important roles, including inhibition 
of IGF actions (Reiter and Rosenfeld, 1998). 

Androgens are largely responsible for muscle 
growth (Herbst and Bhasin, 2004) and development 
of the hematopoietic system (Jepson et al., 1973). 
Glucocorticoids increase circulating glucose, fatty 
acids, and amino acid levels (Parker and Rainey, 
2004). Cortisol is also important for lung and intestinal 
maturation (Ballard, 1979). Other hormones that regu
late metabolism, like insulin, glucagon, leptin, and 
ghrelin (Miers and Barrett, 1998; Dobbins et al., 2004; 
Klok et al., 2007), will also play important indirect roles 
in gro\\.rth and development. 

Estrogens (particularly the aromatization of testos
terone to estradiol in boys) are important for skeletal 
development, including epiphyseal fusion (Matkovic, 
1996; Juu!, 2001). Thyroid hormones (T3, tri-iodothyro
nine; T4 , thyroxine) stimulate protein synthesis and 
lipolysis and are necessary for tissue development 
(Steinacker et ai., 2005). Thyroid hormones are also 
crucial for epiphyseal groVv1:h (Shao et ai., 2006), and 
skeletal tissue modeling and remodeling are largely 
under the control of parathyroid hormone which alters 
calcium homeostasis (Hruska et al., 1991; Griffin, 
2004b). Vitamin D increases calcium absorption, with 
estradiol improving calcium retention and preventing 
bone resorption (Kenny and Raisz, 2002; Heller, 
2004). Additional growth-regulating peptides include, 
among others, the fibroblast and epidermal growth 
factors (Reiter and Rosenfeld, 1998; Cohen and 
Rosenfeld,2004). 

Female reproductive endocrinology 

Female reproductive functions are also under complex 
control by the endocrine system. For more detailed 
discussion of ovarian function, pregnancy, lactation, 
and menopause, see Chapters 19 and 20 of this volume. 
Excellent reviews of the endocrinology of female 

reproductive function are provided by Baird (1984), 
Carr (1998), Carr and Rehman (2004), Casey and 
MacDonald (1998), Knobil et al. (1988), Ojeda 
(2004b), and Wood (1994). 

Similar to the neuroendocrine control found in 
human males, GnRH is released in short pulsatile 
bursts from the arcuate nucleus ("pulse generator") of 
the medial basal hypothalamus (Reichlin, 1998). 
Gonadotropin-releasing hormone stimulates LH and 
FSH release from the gonadotrophs of the anterior 
pituitary gland (adenohypophysis) (Ojeda, 2004a). 
Thecal interstitial cells of a woman's follicles secrete 
androgens in response to LH (McNatty et al., 1979). 
Granulosa cells of the ovaries support follicular devel
opment in response to FSH, as well as convert andro
gens to estrogens (McNatty et al., 1979). Some 
androgens are produced from the adrenal glands, and 
most of these androgens are aromatized into estrogens 
in adipose tissue (Carr, 1998). The major estrogens 
include estradiol-17~, estrone. and estriol. Estrogens 
are largely responsible for the development of female 
secondary sexual characteristics, endometrial grmvth, 
and ductal development in the breast (Wood. 1994; 
Carr and Rehman, 2004; Ojeda, 2004b). 

The ovulatory (menstrual) cycle of a woman is 
approximately 28 days long, and divided into four dis
tinct phases: menstruation, follicular phase, ovulation, 
and luteal phase. In the follicular phase, a dominant 
follicle develops and inhibits the development of adja
cent follicles (Zeleznik, 2004). Luteinizing hormone, 
estradiol, and progesterone levels rise throughout this 
proliferation phase of the endometrium (Wood, 1994; 
Carr, 1998). Just prior to ovulation, estradiol, proges
terone, prostaglandin, LH, and FSH levels surge 
followed by release of the ovum from the follicle. 
Following ovulation (which takes place usually around 
day 14), the luteal phase begins with formation of the 
corpus luteum from follicular cells, and is accompan
ied by a drop in estradiol and gonadotropin levels 
(Wood, 1994; Carr, 1998). The corpus luteum produces 
large amounts of progesterone in order to support 
zygote implantation and maintenance of the endomet
rium and myometrium, mucosal development, and 
glandular development in the breast (Carr, 1998; Casey 
and MacDonald, 1998). Estradiol reaches a secondary 
peak in the mid-luteal phase, corresponding with a rise 
in basal body temperature. 

Secondary (nondominant follicles) undergo atresia 
and apoptosis due primarily to activation of proapop
totk factors and reduced estrogen, FSH, and proges
terone levels and increased androgen and prolactin 
levels in the follicular fluid (Rolaki et aI., 2005; Craig 
et al., 2007). Luteolysis, or degeneration of the corpus 
luteum, takes place in the absence of fertilization with 
subsequent declines in progesterone and estradiol and 
increase in prostaglandin levels (Niswender et al., 
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2000). Vascular changes and menstruation ensue. 
A decrease in inhibin B (\vhich normally inhibits FSH 
release from the anterior pituitary) and a rise in FSH 
levels initiate follicular development for the next cycle 
(Groome et aI., 1996). 

In the event of fertilization, human chorionic gona
dotropin (hCG) is released by the invading embryo 
(and later by the placenta) in order to maintain the 
corpus luteum, ensuring continued progesterone 
secretion as well as fetal gonadal development (Licht 
et aL, 2001). The placenta also releases estriol in large 
quantities that stimulate development of the myo
metrium (Conley and Mason, 1990). Progesterone is 
released from the placenta, inhibiting smooth muscle 
contraction of the uterine myometrium by inhibiting 
prostaglandin formation (Sfakianaki and Norwitz, 
2006). Progesterone also likely inhibits maternal 
immune reactions against the fetus (Thongngarm 
et al., 2003). The placenta, ovaries, and corpus luteum 
all produce relaxin which induces cervical remodeling 
to accommodate the pregnancy and later parturition 
(Sherwood, 2004). 

Prolactin (PRL) from the anterior pituitary gland 
and human placental lactogen (hPL, chorionic somato
mammotropin) from the placenta further develop 
the duct system and tissue of the mammary gland 
and stimulate milk synthesis (Neville et aI., 2002). 
Human placental lactogen is also involved in maternal 
metabolic changes such as elevated glucose levels and 
increased insulin resistance which may lead to gesta
tional diabetes (Grumbach et aI., 1968). Other factors 
of fetal/placental origin (particularly inhibin A) may be 
responsible for maternal vascular changes, including 
pre-eclampsia (Rodgers et aI., 1988; Bersinger et aI., 
2002). Such fetal manipulation of maternal resources 
may be viewed as the outcome of parent-offspring 
conflict in which the genetic interests of offspring and 
mothers are not identical (Trivers, 1974; Haig, 1993). 

At parturition, maternal corticotrophin-releasing 
hormone (CRH) levels increase dramatically, possibly 
under direct fetal control (McLean and Smith, 2001; 
Snegovskikh et aI., 2006). Corticotrophin-releasing hor
mone stimulates prostaglandin production which initi
ates labor. Androgens produced by the fetal adrenals are 
converted into estrogens, and a high ratio of estrogens 
to progesterone likely contributes to the onset of labor 
and delivery (Challis et aI., 2000). Oxytocin rises both 
before and after parturition, with the former stimulat
ing muscle contractions associated with labor, and the 
later stimulating uterine blood vessel coagulation 
following expulsion of the placenta (Wood, 1994; Blanks 
and Thornton, 2003). 

Prolactin is necessary for milk production, and 
dopamine acts antagonistically to this purpose 
(Buhimschi, 2004). Oxytocin. released from the poster
ior pituitary gland, is responsible for milk ejection 

and delivery to the infant. Suckling stimuli from the 
infant maintain elevated levels of prolactin and oxytocin 
as well as trigger release of ~-endorphin. Prolactin 
acts directly on the ovaries to produce a contraceptive 
effect (McNeilly et aI., 1982), and ~-endorphin sup
presses pulsatile GnRH release from the hypothalamus 
(Franceschini et aI., 1989). The combined effects con
tribute to lactational infecundability. although maternal 
energetic status can attenuate lactational amenorrhea. 
For example, Toba women of Argentina resume men
strual cycling in response to rising C-peptide (insulin) 
levels despite intense nursing (Ellison and Valeggia, 
2003). 

Cyclic ovarian function and menstruation cease in 
menopause due to a loss of follicles (for review, see 
Sievert, 2006). Responsiveness of the ovaries to gona
dotropins decreases with elevated levels of LH and FSH 
accompanied by low levels of estradiol, androgens, 
inhibin B, and progesterone (Sherman et aI., 1976; 
Metcalf et ai., 1982). Dysregulation of endocrine activ
ity can further produce vascular dilation which may 
lead to "hot flashes" (Meldrum, 1983). 

Male reproductive endocrinology 

More specific aspects of male reproductive endocrin
ology are covered in greater detail in Chapter 21 of this 
volume. However, a brief summary is presented within 
the context of how human male reproductive endocrin
ology has been shaped by natural selection and ener
getic constraints. Male hormones such as testosterone 
have both organizational and activational effects on 
males (Griffin, 2004a). In utero, testosterone and other 
hormones are responsible for internal and external 
genital development and organization as well as differ
ences in somatic composition and brain development 
(Grumbach and Conte, 1998; Tamimi et aI., 2003; 
Knickmeyer and Baron-Cohen, 2006). After a period 
of childhood quiescence, hypothalamic sensitivity to 
circulating testosterone dampens, allowing circulating 
levels to rise and promote the onset of puberty. During 
adulthood, downstream effects of GnRH and gonado
tropins stimulate the production of sperm and sex hor
mones. specifically testosterone and, to a lesser extent, 
estradioL Follicle-stimulating hormone promotes 
spermatogenesis while inhibin exerts negative feed
back on FSH. Luteinizing hormone induces the pro
duction of testosterone and, to a lesser extent, 
estradiol. This system is common among most verte
brates and thus reflects common comparative selective 
pressures shared by humans (Norris, 2007). 

As with other mammals, the primary factors 
affecting the evolution of male fitness and reproductive 
endocrinology is access to females as well as paternity 
uncertainty (Bribiescas, 2001). It is therefore not sur
prising that with the low metabolic costs associated 



with spermatogenesis, FSH in males is relatively 
insensitive to energetic stresses (Klibanski et aI., 1981; 
Bergendahl and Huhtaniemi, 1993). Moreover, vari
ation in FSH levels within the common range of 
variation is not associated with differences in spermato
genesis. Indeed, spermatogenesis is tolerant of a broad 
range of FSH exposure (Kumar et al., 1997; Tapanainen 
et aI., 1997). Coupled with the modest association of 
spermatogenesis with variation in male fertility (Guzick 
et al., 2001), it is therefore not surprising that hormonal 
responses to energetic stressors are modest. 

As with most other organisms with internal fertil
ization, high investment in mate access (libido) and 
tissue that augments competition and female attract
iveness is supported by male hormones. Absence or 
severe suppression of testosterone in particular, can 
dampen libido and somatic investment (Sinha-Hikim 
et aI., 2002; Gray et aI., 2005). However, human males 
exhibit a broad range of variation between individuals 
and populations that is poorly understood. Between
population variation may involve an adaptive response 
to minimize the metabolic costs of testosterone
induced anabolism in the face of chronic caloric defi
ciencies (Bribiescas, 1996, 2001) and/or pathogen 
stress (Muehlenbein, 2008). Maintaining low testoster
one levels in resource-limited and/or high pathogen-risk 
environments may avoid some immunosuppression 
and suspend energetically expensive anabolic func
tions. Augmenting testosterone levels in the presence 
of fertile and receptive mates, areas of high food 
resource availability, and low disease risk habitats will 
function to maximize lifetime reproductive success 
(Muehlenbein, 2008). Between-individual variation in 
testosterone level is also sensitive to a variety of 
factors, including marital status, fatherhood, and age. 
Married and pair-bonded men as well as fathers exhibit 
lower testosterone, perhaps as an indication of greater 
offspring and mate investment, at the expense of mate 
seeking (see Chapter 16 of this volume). 

Insulin and energy sequestration 

Insulin is a protein hormone that is secreted tonically 
from the pancreas. It is a member of a class of hor
mones that stimulate growth and regulate cellular glu
cose uptake (Nussey and Whitehead, 2001). In essence, 
insulin is an energy sequestering hormone, mopping 
up glucose in circulation and making it available for 
cellular needs. A lack of insulin results in type II dia
betes, while insensitivity to insulin reflects the type I 
form. Insulin is most often measured in blood; how
ever, its metabolite, C-peptide, is readily measured in 
blood and urine, making it a useful proxy for insulin 
assessment under remote field conditions in humans 
and nonhuman primates (Meistas et aI., 1981; Sherry 
and Ellison, 2007). 
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Variation in insulin sensitivity between human 
populations is widely reported, especially among com
munities that exhibit unusually high rates of diabetes 
and obesity, such as Pima Amerindians and Samoans 
(Zimmet et aI., 1996; Hanson et aI., 2001). Insulin 
resistance was initially suggested to underlie high rates 
of diabetes in these populations, perhaps as the result 
of selection for greater efficiency for fat deposition, 
otherwise known as the "thrifty gene hypothesis" 
(TGH) (Nee!, 1962). Although recent refinements of 
the TGH more readily support the notion that high 
rates of obesity and diabetes are the result of contem
porary changes in diet in high-risk populations, 
specifically significant increases in carbohydrate con
sumption (Ned, 1999). More recently, evidence has 
accumulated for transgenerational effects in which 
maternal condition exerts downstream effects on off
spring diabetes risk (Gluckman and Hanson, 2004). 

Insulin also acts as an important ergostat to the 
hypothalamus and reproductive system. The hypothal
amus maintains a significant number of insulin recep
tors, with potent downstream effects on reproductive 
function (Bruning et aI., 2000). For example, increases 
in urinary C-peptide is associated with the resumption 
of ovarian activity and the cessation of postpartum 
lactational amenorrhea, suggesting that insulin is an 
active agent in shifting energetic investment between 
present and future reproductive effort in women 
(Ellison and Valeggia, 2003). 

Thyroid hormones and metabolic regulation 

Thyroid hormones, thyroxine (T4) and tri-iodothyro
nine (T3), are produced and secreted by the thyroid 
gland which is situated around the trachea. Synthe
sized in association with iodine and the amino acid 
tyrosine, thyroid hormones are potent regulators of 
basal metabolic rate (Kronenberg and Williams, 
2008). Although most thyroid hormone consists of T4, 
T3 has a greater affinity for target receptors. Thyroxine 
is commonly converted to within target cells. The 
production of thyroid hormones are controlled by thy
roid-stimulating hormone (TSH) which is secreted by 
the pituitary gland, which in turn is stimulated by 
thyroid-releasing hormone (TRIO from the hypothal
amus. Thyroid-binding globulin (TBG) binds to T3 and 
T4 and acts as a carrier protein in circulation. 

The lack of thYToid hormones, or hypothyroidism, 
results in weight gain and sluggishness. Hypothyroid
ism during infancy can cause cretinism, leading to 
stunted physical and mental development. Hyperthy
roidism or excess thyroid hormone, also knmvn as 
Graves's disease, results in accelerated basal metabolic 
rate, weight loss, hyperactivity, and other symptoms 
such as bulging eyes (Kronenberg and Williams, 2008). 
Because thyroid hormone synthesis relies on the 
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availability of iodine in circulation, iodine deficiencies 
can result in goiter, an enlargement of the thyroid 
gland which is common in many developing countries 
(Andersson et aI., 2005). This enlargement, while 
potentially disfiguring, results from an adaptive 
response to increase the iodine absorption ability of 
the thyroid gland. 

Some variation in thyroid hormone physiology 
within and between human populations is evident, 
although in most cases, the adaptive significance 
remains unclear (Aoki et aI., 2007). Exceptions are 
indigenous circumpolar groups who tend to have 
higher basal metabolic rates, higher annual levels of 
T4, and augmented winter increases in T4 , presumably 
as an adaptive response to cold (Tkachev et ai., 1991; 
Leonard et aI., 1999, 2002). 

Leptin and fat 

Per unit mass, fat is the most efficient mode of somatic 
energy storage. Indeed, adiposity is crucial for surviv
ing food deficiencies and other sources of energetic 
depletion such as disease or infection. It would 
therefore be vitally important to evolve a chemical 
signal that would alert the brain, particularly the 
hypothalamus, to fat availability and storage status. 
Leptin exhibits qualities for such a signaL Leptin is a 
polypeptide hormone that is secreted primarily by fat 
cells (adipocyies) (Casanueva and Dieguez, 1999), 
although other secondary sources have been identified. 
Leptin is most commonly measured in blood although 
salivary and urinary assessments have met with limited 
success (Groschl et aI., 2001; Zaman et aI., 2003). In 
essence, leptin often serves as a lipostat, signaling fat 
availability to receptors within the hypothalamus and 
other regions. The lack of leptin or receptor insensitiv
ity usually causes hyperphagia and extreme weight 
gain, most likely due to the brain's perception that the 
body is experiencing starvation and the lack of adipos
ity. Because leptin seems to be a mechanism of ener
getic accounting, the life history implications of 
the discovery of leptin are potentially profound 
(Niewiarowski et al., 2000), although the functional 
complexity of this hormone has only recently begun 
to be appreciated. 

Other proposed functions include influences on 
immune function, growth, and reproduction. For 
example, leptin modulates T-cell mediated immunity 
and reverses starvation-induced immunosuppression 
in mice (Lord et ai., 1998). Leptin administration also 
accelerates sexual maturation in mice although results 
in other mammals such as humans have been equivo
cal (Himms-Hagen, 1999). Here again, as a modulator 
of immunocompetence, leptin appears to be an import
ant mechanism in energy allocation towards infectious 
challenges. 

Variation in leptin structure and function between 
species is considerable. Comparative investigations 
have suggested interesting differences between 
human and nonhuman leptin despite its relatively 
conservative chemical structure (Muehlenbein et aI., 
2003b, 2005). Among chimpanzees, very little is 
known although preliminary investigations have 
shown that leptin levels are higher in females, per
haps reflecting the greater metabolic costs of repro
duction (Bribiescas and Anestis, in press). However 
no associations between leptin and body mass in male 
captive chimpanzees are evident, perhaps illustrating 
the marginal role of adipose tissue modulation in 
energy maintenance in this species (Bribiescas and 
Anestis, in press). 

In addition to interspecies variation, between 
population contrasts in leptin function and associ
ations with body composition are significant. Leptin 
is lower in males among the Ache of Paraguay even 
after controlling for adiposity. However, as a popula
tion, leptin levels are extremely low despite relatively 
high fat percentages. Ache women with 33% body fat 
on average, exhibit leptin levels that are indistin
guishable from American anorectic women (7% body 
fat) (Bribiescas, 2005). Similarly, leptin is a poor 
reflector of adiposity in Ache men, in contrast to the 
tight association between leptin and adiposity on 
lean American men (Bribiescas and Hickey, 2006). 
While polymorphisms in the leptin molecule and 
receptor that may influence sensitivity are possible, 
it is also possible that lifetime energetic conditions 
can influence adult leptin independent of adiposity 
although additional data are needed to test this 
hypothesis. 

Ghrelin and hunger 

A recently discovered polypeptide hormone that is 
secreted primarily within the stomach, ghrelin levels 
are positively associated with hunger and are a potent 
stimulant of GH secretion. Ghrelin is found in two 
forms, total and active. The active or acylated form, 
differs from total ghrelin in that active maintains an 
N-octanoyl group at the Ser3 position that is believed to 
be necessary for bioactivity (Kojima and Kangawa, 
2005). Assessment of ghrelin is limited to blood samples 
although salivary measurements have been reported 
(Groschl et aI., 2005). 

Ghrelin is a potentially significant mechanistic agent 
of regulating energy intake through its effect on hunger 
and satiation. It also plays a significant role in stimulat

the production of GH (Kojima and Kangawa, 2005). 
The seemingly contradictory relationship between 
hunger-stimulated increases in ghrelin and its GH 
stimulating effects remain to be elucidated. Very little 
is known about population variation within humans 
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but available evidence suggests modest functional 
variation (Chanoine et aI., 2003; Shukla et aI., 2005; 
Bribiescas et aI., 2008). 

Cortisol and stress 

One of the most well known and researched hormones, 
cortisol belongs to a class of steroids known as glucocor
ticoids. Cortisol is secreted by the adrenal gland in 
response to the pituitary hormone adrenocorticotropin 
hormone (ACTH), which in turn results from the hypo
thalamic hormone, corticotropin releasing factor (CRF) 
(Kronenberg and Williams, 2008). Cortisol is commonly 
referred to as the "stress" hormone due to elevations that 
occur in response to physical or mental discomfort, or 
even the anticipation of potential discomfort. However, 
the central function of cortisol is to mobilize energy 
resources such as glucose and amino acids through 
muscle breakdown or "catabolism." Cortisol also acts 
as a potent anti-inflammatory agent. Related steroids 
such as cortisone are commonly used for the treatment 
of inflammation (Kronenberg and Williams, 2008). 

The evolutionary function of cortisol appears to be 
to make glucose available for immediate use during 
times of acute need. As an anti-inflammatory agent, it 
also acts to postpone attention towards injury and 
insult in the face of more immediate needs. In the 
absence of a stressor, cortisol commonly exhibits a 
strong diurnal signal with levels being higher in the 
morning and declining into the evening (Rose et aI., 
1972; Knutsson et aI., 1997). Chronically elevated 
cortisol levels can result in long-term damage to many 
tissues, including the brain. For example, high gluco
corticoid levels can induce severe damage to the 
hippocampus, an important brain region for memory 
consolidation (Sapolsky et al., 1990). A much more 
detailed discussion of cortisol and stress physiology 
can be found in Chapter 24 of this volume. 

TIME MANAGEMENT 

In contrast to energy, organisms cannot harvest time. 
The amount of time an organism has to conduct its 
daily tasks of feeding, resting, and reproducing is 
limited by the number hours in a day. One cannot be 
in two places at once. On a grander scale, organisms 
have a finite lifetime to grow and reproduce. Even if an 
individual is able to diminish extrinsic mortality, it is 
limited by the species-specific rate of senescence (Hill 
et aI., 2001). 

Daily activity budgets during human evolution 
were dictated largely by foraging strategies and effi
ciency. The physiological mechanisms that influence 
these daily time budgeting decisions involve intricate 
neural activity that is obviously extremely complex and 

far beyond our current realm of understanding, 
although the underlying strategic behavioral ecology 
aspects have been discussed widely (Cronk, 1991). 
However, it is evident that neuroendocrine aspects of 
some time-budgeting decisions have intricate relation
ships with daily activity. For example, among wild 
chimpanzees, individuals tend to engage in hunting 
when fruit availability is high (Watts and Mitani, 
2002). The underlying hormonal process likely involves 
greater glucose and insulin levels that allow the high 
energetic output necessary for a successful hunt 
(Sherry and Ellison, 2007). Low energy status stimu
lates increases in ghrelin-induced hunger, thereby 
compelling individuals to pursue food acquisitioIL 
Low energy status can also induce hypoinsulinemia, 
lethargy. and the desire to spend time (Elia 
et aI., 1984; Jenike. 1996). 

The decision to budget time between present and 
future reproductive effort, as in the case of parenting 
versus mate seeking, is a particularly important facet 
of daily life. Such decisions and the effects of hormonal 
variation are clearly evident in nonhuman seasonally 
breeding organisms and, in more subtle ways, humans. 
Because of the high variance in potential fitness in 
association with mate availability among males, it is 
not surprising that shifts in testosterone are evident in 
males investing in reproductive effort compared to 
parenting. Human males who are pair bonded or are 
fathers exhibit lower testosterone levels compared to 
single men as well as those without children (Gray 
et al., 2002; Burnham et al., 2003; Gray, 2003). The 
physiological effects of testosterone variation in asso
ciation with parenting and pair bonding are unclear, 
although adaptive alterations of behavior, metabolism, 
or immunocompetence are possible (Mazur and 
Michalek, 1998; Bribiescas, 2001; Muehlenbein and 
Bribiescas, 2005). 

In females, the amount of invested time spent in 
breast-feeding is contingent on the energetic status of 
the mother. Postpartum amenorrhea is a function of 
nursing frequency and intensity as well as maternal 
circulating glucose levels and body mass. Among Toba 
women of Argentina, postpartum amenorrhea is quite 
short despite heavy nursing investment. With increases 
in body mass and insulin (as reflected by urinary 
C-peptide levels), ovarian function resumes and allows 
women to begin investment in future reproduction 
(Ellison and Valeggia, 2003; Valeggia and Ellison, 2004). 

Senescence 

There are very few hormonal markers of overall senes
cence. No single hormone is responsible for somatic 
degeneration. The most salient hormonal markers of 
senescence are DHEA and DHEAS. Both rise during 
adolescence and drop steadily with age (Perrini et al., 
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200S). This decline seems to be shared with other 
primates and is therefore evolutionarily conservative 
(Muehlenbein et aI., 2003a; PelTet and Aujard, 200S). 
While the association with aging is well established, 
the physiological significance of DHEA and DHEAS 
changes v.ith age remains elusive (Johnson et al., 2002). 

Senescence involves intrinsic physiological con
straints on life span that are inherent to a particular 
species. While it is not uncommon for humans (even 
hunter-gatherers) to live well into their 60s and 
beyond, the doubling rate of mortality begins to 
shorten dramatically around the age of 60 (Hill and 
Hurtado, 1996). In chimpanzees, the same applies at 
around the age of 30 (Hill et aI., 2001). As humans 
senesce, changes in hormone levels map the process 
of aging and somatic degeneration. This process is 
most prominent in regards to female reproductive sen
escence, otherwise known as menopause. Ova deple
tion leads to decreases in estrogen levels and greater 
gonadotropin production. While the timing of meno
pause and the extraordinary length of postreproductive 
life is unique to humans, the endocrine signals of 
menopause seem to be common among mammals 
and other great apes (Austad, 1994; Videan et aI., 2006). 

Senescence among males is not characterized by an 
abrupt cessation of reproductive function. However, 
significant hormone changes occur such as declines 
in testosterone and increases in FSH and LH (Harman 
et al., 2001), which may result in compromised fertility 
(de La Rochebrochard et aI., 2006). Changes in hormo
nal milieu also results in changes in somatic compos
ition, including a decline in muscle mass, increased 
adiposity, and lower metabolic rates (Fukagawa et aI., 
1990). The adaptive significance of these changes are 
unclear although it has been suggested that age
associated somatic composition changes may indicate 
a shift from investment in reproductive effort to survi
vorship or perhaps offspring care (Bribiescas, 2006b). 

HORMONES AND PHENOTYPIC PLASTICITY 

Acornerstone of life history and evolutionary theory is 
the importance of phenotypic plasticity or the ability of 
organisms to modulate a phenotype in response to an 
environmental challenge. Since environments and 
selection pressures can change rapidly, it is seldom 
adaptive for an organism to maintain a rigid set of 
phenotypes (Schlichting and Pigliucci, 1998). Some 
phenotypic plasticity responses rely on distinct periods 
of sensitivity while others are malleable throughout the 
organism's lifetime. It can therefore be postulated that 
along with phenotypes themselves, the range of pheno
typic plasticity of important traits related to growth, 
maintenance, and reproduction are themselves adap
tive features. But what are the regulatory mechanisms 

that adjust the range and sensitivity of plastic traits? 
Hormones are central mechanisms of phenotypic plas
ticity and modulate gene and phenotypic expression in 
response to environmental cues (Ketterson and Nolan, 
1992; Zera and Harshman, 2001). 

If phenotypic plasticity is so advantageous, why 
have not organisms evolved the ability to maintain 
total malleability? In addition to the constraints of 
physics (Pennycuick, 1992), there are costs associated 
with phenotypic plasticity such the energetic costs of 
maintaining the physiological capacity to alter 
phenotypes, as well as the potential of misinterpret
ing an environmental cue (Relyea, 2002). Phenotypic 
plasticity also involves trade-offs between competing 
physical needs. For example, prolactin increases in 
association with breast-feeding and investment in 
present offspring tends to suppress ovarian function 
and investment in future reproduction. The amount 
of prolactin secreted is directly related to the amount 
of nursing intensity. However the ovarian suppressive 
effects of prolactin and this trade-off can be temp
ered by greater insulin levels caused by enhanced 
energy availability and somatic condition (Ellison 
and Valeggia, 2003). 

CONCLUSION 

In order to gain a more complete picture of the adap
tive function of endocrine factors, including the role of 
hormones in life history trade-offs and events, future 
investigations need to move beyond simple snapshot 
measurements of hormone levels. Potential fruitful 
areas of research include interactions between various 
hormones and greater awareness that many hormones 
exhibit actions beyond their standard definitions. For 
example, testosterone is tagged as a sex hormone 
whereas many of its effects clearly have important 
metabolic implications. In a similar fashion, the effects 
of hormones on immune function merit considerable 
attention, since it is in this association that trade-offs 
with maintenance are likely to be evident. Additionally, 
patterns and amplitude of pulsatility have only barely 
been appreciated. Such investigations will rely upon 
more sophisticated multiple-sampling regimens and 
an understanding of potential hormone pulsatility sig
nals. A greater appreciation of adaptive, nonpathologi
cal hormone variation is also needed. 

DISCUSSION POINTS 

1. 	 What are the common trade-offs associated with 
hormone variation? 

2. 	 How do hormones regulate energetic allocation 
decisions? 
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3. 	 How do hormones affect time allocation decisions? 
4. 	 Many hormones are involved in growth and repro

duction. Are these actions unique to human growth 
and reproduction, or are they shared with other 
species? Explain any major differences and why/ 
how natural and sexual selections could have pro
duced such differences. 
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