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In this paper we provide a critical review of research concerned with social/environ-
mental mechanisms that modulate human neuroendocrine function.We survey re-
search in four behavioral systems that have been shaped through evolution:
competition, partnering, sex, and pregnancy/parenting. Generally, behavioral neu-
roendocrine research examines how hormones affect behavior. Instead, we focus on
approaches that emphasize the effects of behavioral states on hormones (i.e., the
“reverse relationship”), and their functional significance. We focus on androgens
and estrogens because of their relevance to sexually selected traits. We conclude that
the body of research employing a reversed or bidirectional perspective has an in-
complete foundation: participants are mainly heterosexual men, and the functional-
ity of induced shifts in neuroendocrine factors is generally unknown. This area of
research is in its infancy, and opportunities abound for developing and testing in-
triguing research questions.
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Although mammalian sex determination is genomic (dependent on the expres-
sion of the Y-chromosome’s sry gene), subsequent sexual differentiation of the

nervous system and behavior is largely mediated by sex hormones. In normal fetal
development, possession of a Y chromosome leads to sry protein secretion, which
induces the bipotential gonads of the fetus to develop into secretory testes. Testicu-
lar androgens masculinize the developing fetus (for an overview, see Nelson 2000),
leading to sexual dimorphism in subsequent life. In the absence of an sry gene, the
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mammalian fetus develops into a phenotypic female (although the dogma of “fe-
male as default” is probably an oversimplification; e.g., Hughes 2004). Histori-
cally, the bulk of human behavioral endocrinology research has adopted a causal
perspective mirroring the unidirectional relationship between hormone secretion
and fetal sexual differentiation. Specifically, most studies focus on the effects of
hormones on somatic or behavioral measures, and rightly so, because hormones
have powerful effects on the nervous system throughout life.

But there is an oft-neglected converse of this perspective. One’s own behavior,
the behavior of others, and other environmental influences can all potently alter the
functioning of the endocrine system, resulting in pervasive changes in behavior.
And in some cases—which we will refer to as bidirectional—a behavior under study
and its hormonal correlates are mutually reinforcing: for example, higher testoster-
one (T) levels may lead to increased competitive encounters, which in turn may
lead to increased T, which may support further competitive interactions, and so on
and so on. This approach is statistically more complex to examine and interpret, but
arguably more interesting and valuable because of the potential to develop a more
comprehensive account of the relationship between hormones and behavior. Be-
cause bidirectional associations are particularly under-investigated, there are few
data to review. However, many of the assumptions underlying research on environ-
mental controls on hormonal functions are bidirectional in nature, if not in form.

Endocrine changes driven by environmental influences are thought to be func-
tional, as the body of this paper will show. That is, the results of such alterations are
generally presumed to be behavioral changes that increase fitness. Our goal in this
paper is to review and synthesize current knowledge about the influences of a spe-
cific set of environmental variables—competition, partnering (a better term than
mating for human relationships based on long-term commitment and sexual activ-
ity), sexuality, and pregnancy/parenting—on endocrine parameters. We have cho-
sen these four areas because of their primacy to evolution and because they have
received enough empirical attention to warrant a review and synthesis. Fitness—
the representation of one’s genes in subsequent generations—requires survival and
reproduction. As will be discussed in subsequent sections and as illustrated in Fig-
ure 1, competition, partnering, sexual activity, and pregnancy/parenting are central
to either or both survival and reproduction, and thus ultimately fitness.

The development of salivary steroid immunoassay has greatly simplified the
inclusion of endocrine variables in biobehavioral research. Sex steroids are of par-
ticular relevance to research into sexually selected behaviors and can be reliably
measured in saliva. High concentrations of androgens circulate in men, and they are
released from the testes, the adrenal glands, and from precursor hormones in pe-
ripheral tissues after conversion. It has been less widely appreciated that androgens
also circulate in women, at lower concentrations, and are produced in the ovaries,
the adrenal glands, and converted from precursor hormones in peripheral tissues.
Estrogens also circulate in both men and women, albeit in higher concentrations in
women than in men. Although researchers have typically focused on the higher-
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concentration steroids in each sex (i.e., androgens in men and estrogens in women),
both steroid classes have significant effects in both sexes. And, in the example of
sexual behavior, Sherwin (1998a:422) notes that “the possibility exists that females
are more sensitive to the behavioral effects of T” than males are.

Only relatively recently has the sensitivity of salivary assays reached a point
where androgens in women can be accurately assessed, and some technical issues
concerning its use in women remain to be resolved (e.g., Shirtcliff et al. 2002).
However, women seem to be understudied in non-clinical hormone research for a
variety of other reasons. Studying hormonal effects in women often requires that
women not be using exogenous hormones like oral contraceptives (which large
numbers of university-age women are doing) or hormone replacement therapy (which
postmenopausal women may be doing), although these factors can be employed as
experimental variates. Menopausal status is a further source of variability since
women show a dramatic decline in estrogen production at menopause. Finally, vary-
ing levels of sex steroids over the menstrual cycle may discourage some from un-
dertaking endocrine research with women, although Dabbs and de La Rue (1990)
argue that menstrual phase does not need to be controlled when androgens are be-
ing studied, unless menstrual variation is a focus of the study. Although it is inaccu-
rate to view men’s steroid titres as stable—androgen levels exhibit daily and seasonal
fluctuations as well as an age-related decline—perhaps it is not surprising that fewer

Figure 1. Conceptual map of the inter-associations between competition, partnering,
sexual activity and pregnancy/parenting, as well as survival and reproduction, and
ultimately fitness. Arrows represent direct contributions from one variable to another.
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studies have tackled the somewhat more methodologically complex situation in
women. That said, there is much room for research, and even with the methodologi-
cal constraints, recruiting and testing women while controlling for hormonal vari-
ability is not overly difficult.

COMPETITION

Competition for limited resources drives both natural and sexual selection. In the
case of sexual selection, this competition may differ by sex, leading to adaptations
that are sex-specific. Most research is predicated upon the idea that men are more
competitive than women because males have a steeper reproductive gradient than
women, meaning males have more to gain or lose, reproductively speaking. While
this may be true, research into primates has shown that though males have a greater
variability in reproductive potential, females also have a significant variability, and,
as would be predicted, engage in significant competition (Hrdy 1999). For example,
many female primates fail to carry pregnancies to term or give birth to viable off-
spring (Drickamer 1974; Taub 1980). Females’ social rank is an important influ-
ence on their reproductive fitness; more high-ranking females give birth than
low-ranking females, and the offspring of high-ranking females are more likely to
survive (Drickamer 1974). Many male primates prefer dominant to subordinate
females (Palombit et al. 2001; Zumpe and Michael 1989). And, fertility can be
largely influenced by the harassing or stressful behaviors of other females (Bow-
man et al. 1978; Dunbar 1980; Hrdy 1999; Silk 1980). These points highlight the
need for a more inclusive definition of competition (i.e., competition is not only
direct fighting). Since both males and females vary in reproductive potential, we
would expect both males and females to compete in ways that might include access
to mates of high quality, positions in status hierarchies, as well as access to other
resources.

When it comes to humans, research shows that women and men are equally com-
petitive in terms of financial success, success at school, family, popularity, status,
etc. (Cashdan 1998), though men are more competitive about sports, and women
are more competitive about looking attractive. Female competition would be ex-
pected in our species because men invest in their offspring with resources and di-
rect care, and do so more than most other male mammals (Storey et al. 2000;
Wynne-Edwards 2001). As well, if access to potential long-term partners is limited,
as it is for both men and women by law or custom, both men and women should be
choosy about and competitive for potential partners. Of course, this delves into the
lively debate on the relative likelihood of monogamy and polygamy in our evolu-
tionary history, and present-day laws and customs cannot be held to be representa-
tive of past conditions. However, “limited access” to reproductive partners does not
merely refer to cultural impositions, but also includes the reproductive “unavail-
ability” of a pregnant woman. Pregnant women in any social group limit the num-
ber or fitness of women whom men could potentially inseminate, and limit
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themselves—by being pregnant—as to the number and fitness of men who could
inseminate them. Regardless of whether access to partners is limited by custom or
reproductive reality, if both men and women need and provide resources to support
themselves and offspring, both should compete. Though both men and women may
compete, the nature of their competition may differ, especially in response to envi-
ronmental variations. For example, if women do not have equal access to needed
financial resources, they may compete for men who can provide these resources
(Hrdy 1997). Comparing cultures that differ in economic opportunities for women
illustrates this pattern: women with less access to financial resources select part-
ners who hold more wealth, while women with more access to financial resources
are less choosy about the wealth held by a prospective partner (Eagly and Wood
2002).

The Challenge Hypothesis (Wingfield et al. 1990) suggests that social interac-
tions affect androgen levels in males, and androgens should be high when chal-
lenges for resource (mates, territory, status, etc.), or the likelihood of challenges,
are present. The pattern may be the same or differ in females, depending on the
species. For example, exposure to a challenge increased progesterone (but not T)
and decreased the progesterone/T ratio in female California mice (Davis and Marler
2003), whereas female dunnocks do show an elevation in T (Langmore et al. 2002).

Because overt instances of human competition seem so obviously involved in
the selective pressures that drive evolution, there should be associations between
competition and sex steroids. Research has generally found more evidence for an
effect of competition on hormones, as opposed to the inverse relationship. This
body of human research is based on findings by Mazur and Lamb (1980) and Elias
(1981), in which winners of a competition showed increases in T compared with
precompetition levels and losers (Table 1). This research, though unidirectional, is
conceptually bidirectional; an increase in T following a win may increase the like-
lihood of future competition or make the winner more prepared to engage in future
competition. However, no research to date has directly examined the function of the
induced T increase in humans.

Research into competition and hormones has largely been conducted in the con-
text of sports events, generally employing small samples of men. As Booth et al.
(1989:557) state: “Preliminary research has focused on athletic competition be-
cause sporting events are formalized contests for status that are exceedingly conve-
nient for study.” Though this seems valid, research has not always borne out the
contention that athletic competitions provide an optimal paradigm for this research.
Results have been mixed to say the least, but significant findings, when they are
found, are at least in a consistent direction: competitive success results in increased
T. Winners of tennis matches show higher T than pre-match levels or losers (Booth
et al. 1989; Mazur and Lamb 1980), as do winners of wrestling matches (Elias
1981). But investigations with other sports have found no significant T increase: In
judo competitions (Filaire et al. 2001; Salvador et al. 1987; Suay et al. 1999) and
basketball games (Gonzalez-Bono et al. 1999), no significant increase in T was
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identified among winners. The differences in these findings may be a consequence
of using sports to test competition and hormones. The sports that have been studied
(e.g., basketball, tennis, wrestling, judo) differ in many ways, including the degree
of physical contact, the length of the competition, team versus individual efforts,
and so on. In addition, athletes generally play “at home” or “away,” and T can be
higher prior to games played at home (Neave and Wolfson 2003). So though ath-
letic competitions are a fascinating way to study physiological sequelae of exertion,
team bonding, personal contribution, cognitive attribution, and so on, they prob-
ably are not straightforward models for examining the effects of competition on T.
Additionally, the mixed findings could also be a result of the decreased power asso-
ciated with the very small sample sizes utilized (see Table 1), or confounds associ-
ated with intense physical and athletic training (e.g., Sallinen et al. 2004). In light
of these considerations, it is not especially surprising that the sole study that exam-

Table 1. The Effects of Winning a Competition on Testosterone

Competition Study Sample Outcome

ATHLETIC PARTICIPANTS

Tennis Mazur and Lamb 1980 4 ‚, grad students Increase

Booth et al. 1989 6 ‚, varsity Increase

Wrestling Elias 1981 15 ‚, varsity Increase

Judo Salvador et al. 1987 14 ‚, regional No change

Suay et al. 1999 26 ‚, club players No change

Filaire et al. 2001 18 ‚, interregional No change

Basketball Gonzalez-Bono et al. 1999 16 ‚, professional No change

Rugby Bateup et al. 2002 17 „, varsity No change

ATHLETIC FANS

Basketball and Bernhardt et al. 1998 8 ‚ at an arena; Increase
Soccer  21 ‚ at a sports bar

NON-ATHLETIC

Chess Mazur et al. 1992 16 ‚, city club Increase

Coin toss McCaul et al. 1992 101 ‚, intro psych Increase

Lottery Mazur and Lamb 1980 14 ‚, grad students No change

Video game Mazur et al. 1997 28 ‚, 32 „; mostly No change
undergrads

Reaction time Gladue et al. 1989 39 ‚, intro psych Increase
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ined the effects of winning or losing at sports in women (Bateup et al. 2002) found
no change in T levels, especially since hormonal contraceptive use was apparently
not controlled.

Non-athletic paradigms have been more successful at testing the hypothesis that
winning increases T. For example, winners of chess matches display increased T
relative to losers (Mazur et al. 1992). Additionally, Mazur and colleagues showed
that players who are successful over many competitions have increased T relative to
baseline levels. Like athletic competitions, the chess paradigm is ability-oriented,
meaning that each player’s ability makes a strong contribution to the competition’s
outcome. In contrast, other studies have employed a chance-oriented paradigm, in
which each player’s ability is irrelevant to the competition’s outcome. For example,
participants declared to be winners of a reaction-time competition show increases
in T over losers even with experimental control of winning and losing (Gladue et al.
1989). Men who win a series of coin tosses exhibit increases in T even with explicit
reminders of the chance nature of the competition (McCaul et al. 1992). Finally,
men who win a lottery do not show increases in T (Mazur and Lamb 1980). It may
be that the lottery is too brief for participants to internalize it as a competition, and
they instead view it as a random event. In contrast, McCaul and colleagues’ coin
toss series and Gladue and colleagues’ reaction-time task may be sufficiently long
and structured for participants to view them as a competition, even though they
contain the same chance-orientated nature as the lottery in Mazur and Lamb’s study.
These aspects (investment and length of involvement, chance vs. ability) of compe-
tition clearly warrant further experimentation.

Indeed, investment—but not necessarily effort—in a win may be sufficient to
induce a T increase. Male fans watching basketball and soccer show vicarious in-
creases in T if their favored team wins (Bernhardt et al. 1998). This parallels a
finding in cichlid fish, where T increased in fish who were watching other fish
fight (Oliveira et al. 2001). Objective effort evidently is not required in order for a
competitive interaction to elicit a T increase.

Only one non-sport study has examined competition and hormone levels in women
(Mazur et al. 1997), directly comparing men and women using a video game. Nei-
ther men nor women show an increase in T after winning. On the basis of this null
finding, along with two unpublished studies on samples of three or four women,
Mazur and Booth (1998) conclude that there probably is no link between competi-
tion and T in women. In commentary, Kemper (1998) rightly suggests that the data
are insufficient to make conclusions about a competition-T link in women. Al-
though Bateup and colleagues (2002) also found no evidence of a competition-T
link in women rugby players, the substantial number of null findings in men in
certain sport categories (see Table 1) renders such conclusions extremely prema-
ture. Indeed, women with higher T (among other androgens) may be more likely to
act on competitive feelings than women with lower T (Cashdan 2003). Stated an-
other way, women who acted on competitive feelings were more likely to have
higher T.
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Research into the endocrine effects of competition is situated in an evolutionary
context, and authors mainly interpret their findings in evolutionary terms. How-
ever, the functions served by the increased T remain to be empirically established.
Perhaps they are associated with future competitive engagement or success, as men-
tioned earlier. Or, they may be associated with favorable alterations in other vari-
ables, such as general arousal, which may be affected by T (e.g., Dabbs et al. 2002).
Findings from the nonhuman animal literature are also suggestive: for example, T
administration reduces fear responses in cattle (Boissy and Bouissou 1994) and
reduces anxiety in male house mice (Aikey et al. 2002).

PARTNERING

Like competition, partnering or relationship status has been examined with regard
to endocrine regulation in an evolutionary context (Table 2), and earlier research
looked at how T would affect relationship status. Men with higher T are less likely
to marry, and married men with higher T titres may have higher degrees of marital
instability (Booth and Dabbs 1993). In addition, married men exhibit significantly
lower T than single men (Mazur and Michalek 1998), and T appears to increase
with divorce and decrease with marriage. These two studies are interpreted by the
authors as indicating that men with high T experience marital interaction that is of
a lower quality, likely because of associated increases in risk-taking and antisocial
behavior that may have paid off in ancestral environments but are not adaptive in
current society. Newer research has examined partnering and hormones with a fo-
cus on the reverse relationship.

It appears that T is higher in single men than married men with or without chil-
dren (Gray, Campbell et al. 2004; Gray et al. 2002). It has been suggested that
diminished T titres in men in committed relationships represent a potential trade-
off between two classes of activities. The first class, to which we refer in this paper
as “competitive,” includes behaviors intended (consciously or not) to attract part-
ners or accrue resources. In Gray and colleagues’ (2002) study of men, these behav-
iors would be male competition and mate attraction. The second class, to which we
refer as “bond maintenance,” includes behaviors intended to develop bonding/inti-
macy with a partner, infant, or other. Some might question our proposing new ter-
minology, since the terms mating and parenting effort are commonly used. However,
mating effort can refer to anything that has to do with mating or sexual energy
expenditure, and parenting effort refers to energy expended on offspring. Our ter-
minology is meant to distinguish the difference between, for example, finding a
partner and relating with a partner, both of which would be subsumed under mating
effort, but which we propose are very different.

It would be expected that both married men and men in a committed relationship
(both bond-maintenance states) exhibit lower T than single men (for many, akin to
a competitive state), and this is exactly what research has established (Burnham et
al. 2003; Gray, Chapman et al. 2004).
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Overall, we see the results as suggesting that forming a committed relationship
leads to decreased T, although there have been no longitudinal studies to establish
the cause-effect relationship. It remains possible that lower-T men are simply more
likely to marry, as suggested in Mazur and Michalek (1998) and Booth and Dabbs
(1993), instead of marriage or commitment decreasing T. Plus, the two possibilities
do not have to be mutually exclusive.

If commitment does decrease T, another possible function (in addition to facili-
tating decreased competitive or increased bond-maintenance behaviors) might be
to facilitate improved immune function. Curiously, T seems to have immunosup-
pressive qualities (Grossman 1985; Yao et al. 2003). The immunocompetence handi-
cap hypothesis (Folstad and Karter 1992) argues that there is a trade-off between
attractive characteristics and immunocompetence. Thus, having higher T to facili-
tate partner competition and attraction might also be associated with decreased
immune function and health factors as is seen in other species (Wingfield et al.
2001). A reduction in T titres while in a relationship might thus be adaptive
(Wingfield et al. 2001), as long as being in a relationship indicates ample opportu-
nity to reproduce. Married men are known to have reduced morbidity and mortality
compared with single men (Hu and Goldman 1990)—though unstudied, this likely
includes men in marriage-like relationships. It follows, then, that decreased T in
married (or married-like) men may increase immunocompetence, leading to better
health parameters.

The mechanism by which a committed relationship leads to decreased T (if, in-
deed, that is the causal relationship) remains to be explicated, but it is possible that
decreased daily competitions for sexual or romantic attention may be at play. One
recent study (Roney et al. 2003) found that T increases in heterosexual men ex-
posed to brief conversations with women. Interestingly, display (or “show off ”)
behaviors are associated with the degree of T increase. Gray (2003; also Gray,
Chapman et al. 2004) shows that evening but not morning samples of T were lower
in partnered men than single men, again suggesting that some aspect of daily be-
haviors or thoughts are associated with the decreased T in men in committed rela-
tionships. Together, these findings may be suggestive that daily competitive
interactions involving access to women lead to a smaller circadian decrease in evening
T in heterosexual men from morning baseline levels. By definition, behaviors aimed
at attracting members of the opposite sex should be less frequent among hetero-
sexual men in committed relationships. Gray, Campbell et al. (2004) found that
married men’s T levels are no different depending on whether they have a “wife/
child-day” (i.e., spend time with their wives and/or children) or a non-wife/child
day. Perhaps increases in bond-maintenance activities (which vary according to the
presence of one’s spouse and/or child) are less relevant to T than a decrease in
competitive activities (which should remain constant) that should accompany com-
mitted relationships. Though speculative, it follows that individuals in committed
relationships engage in less partner competition than singles do. So, they would
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show fewer increases in T levels because of fewer competitive engagements over
the day, perhaps leading to lower T measures in the evening.

Gray, Chapman et al. (2004) found that unpartnered men who did not have rela-
tionship experience had lower T than unpartnered men with relationship experi-
ence. This could be viewed as additional support for our conjecture that men with
prior experience may be interested in finding a new partner (competitive state),
whereas men with no experience may lack the will, interest, or know-how for find-
ing partners. In addition, Roney and colleagues (2003) found that only (hetero-
sexual) men with recent sexual experience responded to conversations with women
with testosterone spikes, and that these spikes were associated with “courtship-
like” behaviors. Roney and colleagues note that prior experience with women may
have sensitized men’s responses to women, much as occurs in the non-human ani-
mal literature. We suggest therefore that encounters must be perceived as competi-
tive to be associated with higher T or T spikes; for example, a heterosexual man
conversing with a woman might be displaying competitive behavior only if the man
sees the situation as an attempt to attract her, but not if he sees it as stressful or
merely friendly. Wingfield and colleagues (1990) provide evidence that reproduc-
tive state has a direct effect on the encoding of social cues and suggest their conclu-
sions may be equally applicable to all other vertebrates.

Relationship status does not merely include single and partnered; other catego-
ries deserve attention. For example, Gray (2003) examined a population of Kenyan
Swahili men and found that married men did not have lower T than single men, but
that polygynously married men had higher T than all other men. Gray notes that
these men differ strongly from the Harvard-based men in earlier studies for many
reasons including the possibility of obtaining multiple wives for the Kenyan men.
As well, many of the “single” Kenyan men had been married previously or had
children, whereas the single Harvard men had no children and had never been mar-
ried. Although not examined by Gray, it may be that men who have multiple wives
represent a subset of married men who are more inclined to look for more wives or
attract their attention (i.e., more involved in competitive than bond-maintenance
activities). It is possible that Kenyan men with one wife differ from those with
multiple wives in terms of desire or willingness to compete for more wives or
women’s attention. This would support the notion that daily competitive inter-
actions for women’s attention increases heterosexual men’s T levels. Is physical
monogamy a factor with which decreased T is associated, perhaps cued by the one
partner’s vaginal secretions and/or pheromones? This begs the question of whether
monogamous men in committed relationships have lower T than men who cheat in
“committed” relationships (thus engaging in more competitive activities than their
more trustworthy parallels). Indeed, Booth and Dabbs (1993) found in their study
that men with higher T were more likely to report having extramarital sex with at
least three partners.

Though love may seem too esoteric a topic for an evolutionary discussion of
hormones, it underlies our understanding of partnering, and as Carter (1998:780)
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notes: “Love and social attachments function to facilitate reproduction. . . .” Oxyto-
cin and vasopressin are most closely linked to love and affiliation (Carter 1998),
and these hormones can increase bonding behaviors. As a behavioral and/or cogni-
tive state, falling in love may effect changes in sex steroids. Men and women who
had recently fallen in love do show different hormonal parameters than men and
women who are either single or in long-term relationships (Marazziti and Canale
2004). Men falling in love show lower T than controls, whereas women falling in
love show higher T. After having fallen in love  (i.e., 12–28 months into the relation-
ship), the experimental participants no longer differed from controls. The authors
did not explore the functionality of the finding (though they note future such stud-
ies are underway), but again, it is tempting to point to a possible association with
competitive encounters. People falling in love would likely engage in fewer com-
petitive activities than normal, as they focus their energies and time on bonding
with the one individual who is focusing, in return, on them; this explanation works
for men’s decreased T but obviously not women’s increased T.

SEXUAL ACTIVITY

A now-famous study published in Nature (Anonymous 1970) details the effects of
sexual activity on T. A lone researcher on an isolated island measured his beard
growth by the weight of its clippings, and noted that his beard appeared to grow
more around the time of trips to the mainland, during which he would engage in
sexual activity with his female partner. As beard growth can be a type of bioassay
for T levels, he theorized in his paper that the sexual activity increased his T, which
in turn increased his beard growth. Apparently, actual sexual activity was not neces-
sary: his beard clippings were heavier even on the days before he left the island, as
if in anticipation of the sexual activity to come.

Other early studies (Table 3) also examined nonphysical sexual stimulation in
heterosexual men. For example, sexually explicit movies increase men’s T com-
pared with sexually neutral films (Pirke et al. 1974; Rowland et al. 1987; Stoleru et
al. 1993; cf. Carani et al. 1990) and neutral or aggressive films (Hellhammer et al.
1985). These studies parallel findings in other animals: for example, exposure without
access to female mice increases the testosterone levels of male mice (Amstislavskaya
and Popova 2004). Luteinizing hormone, which can stimulate T production, also
increases in men following exposure to erotic stimuli (LaFerla et al. 1978; Rowland
et al. 1987; Stoleru et al. 1993; cf. Carani et al. 1990). The function of these alter-
ations, like those related to competition or partnering, has not been studied directly.
However, men exhibit increased optimism scores and decreased exhaustion scores
after movies with sexual content but those without sexual content (Hellhammer et
al. 1985), and T is correlated with relaxation following sexual arousal (Rowland et
al. 1987). Thus, sexually explicit material increases T, which in turn may be associ-
ated with increased confidence, optimism, or relaxation, and decreased exhaustion.
T does have a positive effect on mood in clinical populations (e.g., Sherwin 1988b).
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An increase in T may lead to increased mood parameters, which may then trans-
late into behavior depending on the individual’s personality, predisposition, or envi-
ronmental circumstance. For example, men in whom a positive mood has been
induced show greater physiological and subjective sexual arousal during subse-
quent erotic stimuli compared with men in a neutral control condition, whereas
men in whom a negative mood has been induced show decreases in sexual arousal
(Mitchell et al. 1998). The effects of mood on sexual activity are complex, though,
and some men may show seemingly paradoxical associations (i.e., negative mood
leading to increased sexual activity), and the frequency and type of this association
may be differentially associated with gay or heterosexual sexual orientations
(Bancroft et al. 2003a, 2003b). There may be more steps involved in the T-mood-
sexuality link: Increases in mood may translate into increased confidence or energy
depending on the individual and the environmental circumstance, leading to an
increased likelihood of seeking out or responding to sexual stimuli or encounters.
An alternative and likely complementary explanation is that the increase in positive
affect may act as a positive reinforcement. Because both T increases and affective
increases are seen quickly—15 minutes following the stimuli—conditioning ef-
fects are certainly possible.

Early studies that attempted to link increases in T to actual sexual activity (all in

Table 3. The Effects of Sexual Activity on Testosterone

Activity Study Population Findings

Watching erotic movies Pirke et al. 1974 16 ‚ Increase

Hellhammer et al. 1985 20 ‚ Increase

Rowland et al. 1987 7 ‚ (controls) Increase

Stoleru et al. 1993 9 ‚ Increase

Carani et al. 1990 8 ‚ No change

Penis-vagina intercourse Fox et al. 1972 1 ‚ No change

Lee et al. 1974 8 ‚; 5 „ No change

Stearns et al. 1973 6 ‚ from couples No change

Kraemer et al. 1976 19 ‚ Increase after
24 hrs

Dabbs and Mohammed 4 couples; 4 ‚, 4 „ Increase
1992

Masturbation Krüger et al. 1998 10 ‚ No change

Exton et al. 1999 10 „ Increase

Purvis et al. 1976 34 ‚; national Increase
conscripts

Sexual activity with Hirschenhauser et al. 2002 13 ‚ Increase next
unfamiliar or multiple A.M.
partners
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heterosexual men) provided mixed results. For example, Fox et al. (1972) sampled
blood from one man before, during, and 5 minutes after ejaculation. T was higher in
samples around coitus than before coitus, but there was no difference between pre-
coitus and post-ejaculation T. As well, masturbation did not lead to significant in-
creases in T. Lee et al. (1974) studied eight married men and found no difference in
T from pre- to post-coitus. Both studies conclude that sexual activity has no effect
on T titres. However, Fox et al. may have sampled T too early following coitus for
changes to have occurred, and both studies (as well as Carani et al. [1990], cited
earlier regarding nonphysical erotic stimuli) had small samples despite wide indi-
vidual variation in T levels. As such, studies with appropriate sample sizes and
timing would be more likely to uncover significant effects of sexual activity on T.
For example, with a larger sample of 24 men, androgens and estrogens are found to
be significantly higher following masturbation, but not after “sham masturbation”
in which 11 men were only led to believe that they would masturbate (Purvis et al.
1976).

Other studies have also found support for an increase in T following sexual ac-
tivity (again, all data from heterosexual men). Kraemer et al. (1976) measured T
daily, finding higher levels on the days following sexual activity. Interestingly, in-
creases in T were not predictive of sexual activity. It may be that the increase in T
does not necessarily function to promote further sexual activity but instead may be
related to sperm quality or some other parameter. Since LH and FSH are needed for
sperm production, it makes sense that increases in T would follow ejaculation (and
thus depletion of sperm stores and possible gonadotropin-releasing hormone in-
creases). For example, in men with poor sperm parameters, a second semen sample
collected 2 hours after a first sample is more effective at facilitating pregnancy than
the first sample (Barash et al. 1995). Although plausible, this function of the T
increase remains to be established.

More recent work has also shown T increases following sexual activity and has
also included women, though again only heterosexuals. Dabbs and Mohammed
(1992), utilizing salivary assays, examined salivary concentrations before and after
sexual activity in both men and women. Compared with pre-activity samples, T is
higher after sexual activity. On days with no sexual activity, however, T decreases.
As found by Kraemer and colleagues (1976), no anticipatory rise in T is detectable.
This well-designed study certainly points to effects of sexual activity on T titres,
though the addition of control conditions like physical exertion and close partner
contact would be more conclusive. Masturbation-induced orgasm also leads to in-
creased T in heterosexual women (Exton et al. 1999) and men (Purvis et al. 1976;
cf. Kr¸ger et al. 1998). Does sexual activity without the presence of orgasm lead to
T increases, or is orgasm necessary? Because the majority of studies have exam-
ined sexual activity accompanied by orgasm (or have not reported the presence/
absence of orgasm), this question remains unaddressed.

As mentioned earlier, sexual activity may increase T secondarily to sperm pro-
duction, but the induced elevation of T does not appear to be predictive of more
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sexual activity. It is possible that sexual encounters are themselves at least quasi-
competitive activities and that T may thus increase as it does following successful
competition (this begs the question as to whether orgasm, and/or bringing a partner
to orgasm, would lead to greater increases than sexual activity without such culmi-
nation). This approach would contextualize the findings from another study in which
men who reported sexual activity with unfamiliar or multiple partners showed quite
dramatic increases in T the morning following the activity (Hirschenhauser et al.
2002). Though not examined by the authors, these activities may be self-perceived
as particular successes or triumphs. In a different vein, Carter (1998) notes that
mating and/or vaginal cervical stimulation can lead to increases in oxytocin, which
may promote feelings of bonding and affiliation. So, sexual activity may promote
pair-bond formation and/or retention. Whether sexual activity leads to feelings of
success or affiliation, either avenue or both provide tantalizing research questions
open to investigation.

PARENTING AND PREGNANCY

Human parenting and pregnancy should be strongly influenced by evolutionary
pressures because of the long-term requirements of gestation and postnatal devel-
opment. To maintain pregnancy, the mother’s hormonal state is altered quite con-
siderably compared with her non-pregnant state. A father would also likely show
alterations in hormones during his offspring’s gestation, as is observed in various
other mammalian fathers (depending on their level of paternal investment). A father’s
endocrine changes would presumably be somewhat different than those of a mother
because fathers do not need to support gestation hormonally. Because the pregnant
mother and the gestating fetus may need more resources than the mother alone can
provide (Hrdy 1999), it would be adaptive for fathers (or perhaps another desig-
nated parental figure) to be hormonally primed to fulfill these functions. Following
birth, a few sex-specific, offspring-oriented behaviors, breastfeeding being the most
obvious, require sex-specific endocrine states. The effects of hormonal alterations
in women caused by breastfeeding and pregnancy are relatively well-known and are
detailed by Ellison (2003) in an evolutionary context. Still, both parents can pro-
vide other sources of nourishment, as well as baby-oriented nurturance, stimula-
tion, or play. The effects of these other behaviors or activities on parents’ hormonal
states are much less well known.

If individuals having children are in partnerships, their partners can be consid-
ered an environmental variable (Table 4). In a study of partnered men and women
who were soon to be parents, Berg and Wynne-Edwards (2002) found no signifi-
cant correlation between the partners’ T, although there was a trend towards signifi-
cance (p = .054). Though Berg and Wynne-Edwards collected 249 saliva samples
for hormonal analysis, only nine couples were used. Since T levels vary widely
between individuals, it is possible that individual variation may have obscured the
underlying relationship for T levels between partners having children.
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Though not a sex steroid, prolactin has been implicated in parenting, and it seems
especially relevant to this discussion. Fleming et al. (2002) found that experienced
fathers display an increase in prolactin titres following exposure to a baby’s cry,
whereas first-time fathers show a decrease. Both kinds of fathers show increases in
cortisol following the cry, but the increase is greater for first-time fathers than for
experienced fathers. This suggests that previous paternal experience moderates the
perception or interpretation of baby stimuli. The increase in prolactin and smaller
increase in cortisol following the cry seen in experienced fathers may reflect their
know-how and that they perceive a baby crying as a mildly stressful but paternal
situation. The larger increase in cortisol and decrease in prolactin seen in first-time
fathers may represent their perception of a baby’s cry as a stressful situation for
which they are unsure of the correct paternal response—making it stressful, and
less paternal. Storey et al. (2000) also found that prolactin decreases after exposure
to baby-related stimuli, but in the absence of a suitable control group it remains
possible that this was simply due to the passage of time.

Other hormonal associations in soon-to-be fathers have been examined in rela-
tion to their partners’ stage of pregnancy (e.g., Storey et al. 2000). Holding babies
while simultaneously hearing baby cries and watching birthing stimuli is associ-
ated with increases in men’s T, but only in the early postnatal period. Another study
looking at both fathers and non-fathers showed that hearing a baby cry also in-
creases men’s T, though only experienced fathers exhibit an increase in prolactin
(Fleming et al. 2002). Storey and colleagues suggest that an increase in T might be
functional; it might lead men to be prepared to protect their babies. Since the early
prenatal period is a time of particular vulnerability for babies, and since baby cries
are aversive and stressful stimuli and fathers had no opportunity to address the
cries, increased T might be adaptive as an inclination to protect rather than bond.

In contrast, lower overall T was associated with greater paternal responsiveness
in both studies, perhaps reflecting a difference between longer-term (nurturance
and responsiveness) and shorter-term (protection) parenting behaviors. For example,
Storey and colleagues (2000) found that men with more couvade (sympathetic preg-
nancy) symptoms during their partners’ pregnancy (i.e., prenatal period) showed a
greater decrease in T following exposure to infant cues. They suggest that couvade
symptoms reflect changes in physiology that are associated with preparation for
fatherhood. Men’s T also decreases from the late prenatal period to the early post-
natal period, suggesting that men are becoming more paternal in the early postnatal
period. For example, men with lower T hold test dolls longer than men with higher
levels in the prenatal period, and greater responsivity to infant cues is associated
with lower T levels. Storey et al. suggest that postnatal decreases in T may enhance
paternal responsiveness by decreasing men’s likelihood of engaging in non-nurturant
behaviors (e.g., aggression). Fleming and colleagues (2002) found that fathers and
non-fathers with lower baseline levels of T have higher objective responses (e.g.,
heart rate) and subjective responses (e.g., negative affect, sympathy) to baby cry
stimuli. They also suggest that lower T may be reflective of a more nurturant dispo-
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sition. Whether transient increases in T following exposure to infant cues is adap-
tive in the early postnatal period, and decreases are adaptive at other times, remains
to be clarified. Wynne-Edwards (2001) provides an excellent review of hormonal
changes in mammalian fathers, suggesting that paternal and maternal behavior are
homologous at a neural and endocrine level. She notes that, in species with exten-
sive paternal care, new fathers show decreased T, expectant fathers have lower T
than controls, and T is suppressed overall around birth. Wynne-Edwards suggests
this might be to reduce the likelihood of aggression towards infants, or of distrac-
tion from the mother and infant caused by attention to courtship and mating, or to
facilitate parental care or social bonding to the infant—in other words, to increase
bond-maintenance behaviors and decrease competitive ones.

There has been a paucity of research looking at the effects of infant cues on
maternal sex steroids in humans, with the exception of infant suckling. However,
Fleming and colleagues have extensively examined associations between hormones
and maternal behaviors, attitudes, and cognitions (for a review, see Corter and
Fleming 2002). Storey and colleagues (2000) found that prolactin concentrations
decrease in women over a 30-minute period while being exposed to infant cues,
though as noted before, there was no control group. Women who report feeling
concern about the baby cry show a greater cortisol decrease than other women,
which is difficult to interpret.

The effects of suckling/breastfeeding on hormones have been relatively well re-
searched. Infant suckling (or mechanical breast stimulation) compared with sham
stimuli increases maternal oxytocin levels and decreases adrenocorticotropic hor-
mone levels and cortisol (Chiodera et al. 1991). Further research has confirmed the
decrease in cortisol that follows breastfeeding (Amico et al. 1994). Chiodera and
colleagues suggest that an inhibitory relationship exists between oxytocin and cor-
tisol, which would imply that decreased stress (or stress reactivity) is an important
consequence of breastfeeding, perhaps leading to increased bonding and ultimately
improved maternal function.

Light et al. (2000) found that women who breastfeed, but not women who
bottlefeed, show an increase in oxytocin levels and a decrease in blood pressure
following a stressful speech after holding their baby. The authors point to the self-
selected nature of each group; it may be that women who choose to breastfeed are
less easily stressed. This is a plausible explanation, but since evidence points to a
breastfeeding-mediated increase in oxytocin, the self-selection likely interacts with
the decreased stress response seen in breastfeeding mothers. The influence of
breastfeeding on hormonal levels and subsequent responses to stimuli is indicative of a
strong bidirectional relationship between hormones and behavior. It remains to be
established whether the decreased stress translates into other behavioral parameters.

Since partners or infant cues may affect an individual’s sex steroids, the sex of
the fetus may also be an environmental influence on maternal hormones. Because
male fetuses produce T, it is possible that women carrying male fetuses exhibit
higher T. Meulenberg and Hofman (1991) found that women carrying male fetuses
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had higher T than women carrying female fetuses during weeks 20–40 of preg-
nancy (but not prior to or following this period). Fleming and colleagues (1997)
also found that women carrying male fetuses had marginally higher levels of circu-
lating T than women carrying female fetuses, though this did not reach conven-
tional levels of significance (p = .08). Finally, one additional study found higher
DHT (but not testosterone) in mothers carrying male fetuses prior to 20 weeks of
pregnancy (Nagamani et al. 1979). In contrast, three studies have not found differ-
ences in maternal hormones based on fetal sex. Hines and colleagues (2002) did
not find any difference in maternal T related to fetal sex during sampling from
weeks 16 to 20, nor did van de Beek and colleagues (2004) with sampling occur-
ring during weeks 15–18 or Rodeck and colleagues (1985) in weeks 15–23. While
the difference in maternal androgens, if it exists, may simply be a nonadaptive arti-
fact of higher fetal T, there may be behavioral implications that are adaptive in some
way; further research is needed to verify this phenomenon and examine possible
functionality.

CONCLUSION

A review of how behavioral and environmental influences affect hormone secre-
tion, and the functional consequences of these changes, illustrates that this approach
can be productive in two ways: it is a fertile source of testable hypotheses, and it is
favorable to experimentalists because of the relative ease with which manipulations
can be wrought.

The effect of sexuality on hormones is, of course, a key area for evolutionary
researchers because of its relevance to reproduction. It appears that, though ovula-
tion can be detected with detailed methods (Alliende et al. 2005; Weschler 2001),
nonindustrialized societies are not aware of fertile periods (Marlowe 2004), and
modern men and women often engage in sexual activity that is largely removed
from its reproductive function. Thus, sexual activity is more often than not an end
in its own right, as opposed to a conscious attempt at reproduction. But it is theo-
retically possible for a woman’s body to “know” whether sexual activity involved
penile penetration with ejaculation, because semen contains substances (e.g., pros-
taglandins) which can bind to receptors in the woman’s cervix (Myatt and Lye 2004).
Vaginal intercourse without condoms (putatively associated with the presence of
semen in the vagina) is associated with lower levels of depression in women than
intercourse with condom use (Gallup et al. 2002), though of course the groups
(condom use vs. non-condom use) are likely confounded in some way. Still, does
sexual activity without barrier methods of birth control (and thus free movement of
semen) lead to other, different physiological responses in women?

Relatively little research has examined how infant cues and interaction can alter
sex steroid concentrations in humans, but those studies already conducted show
that the area is a promising one. Are hormones in male and female children, adoles-
cents, reproductive-age adults, and postmenopausal women affected by infant cues
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in similar or different ways? What are the functions of hormonal responses to in-
fants? For example, would decreased T and/or increased cortisol following expo-
sure to babies make an individual more likely to respond to a baby or more likely to
hold the baby longer? Do babies, toddlers, young children, older children, or teen-
agers differ in terms of hormonal effects on parents or others? And what effect do
baby stimuli (other than suckling) have on hormones in the mother?

The near-complete focus on heterosexual men also affords current researchers
various intriguing lines of inquiry. No studies have been published that look at the
effects of relationship status on hormonal functions in women. This is an unfortu-
nate oversight because there are good reasons to suspect such phenomena to be
present: after all, women also engage in competition for partners (e.g., attention
from the opposite sex; Cashdan 1998). This oversight extends to GLBT (gay, les-
bian, bisexual, trans-identified) populations. Do partnered lesbians and gay men
show decrements in T titres, compared with singles? If competition underlies lower
T, then the same effect would be expected in gay and lesbian individuals (if they
have access to receptive individuals during the day). However, if the effect is medi-
ated by exposure to cross-sex pheromones or other like cues, then the decrease in T
might be specific to heterosexual men and women. Alternatively, if the effect that
has been documented in men is mediated by exposure to cues from women, lesbi-
ans but not heterosexual women or gay men may show decreased T when in rela-
tionships.

Since sex steroids can now be accurately measured through salivary assays in
both sexes, data collection is much easier and more agreeable to many than in the
days when blood was the sole assay substrate. Producing saliva samples, while ad-
mittedly not a charming addendum to sexual activity, is likely better tolerated than
venipuncture and should make the design of studies into sexual activity both freer
and more creative. As well, the majority of studies have focused on T, leaving rela-
tionships between environmental influences and other hormones unaddressed.

Finally, explorations of the functional significance of induced hormonal fluctua-
tions are conspicuously absent. What purpose do they serve? For example, are men
with lower T more attentive to their own babies’ distress or more willing to provide
care for their offspring? Does the early postnatal increase in T following infant cues
predict or contribute to defensive aggression in men? Does prolactin affect paternal
behavior? Though it is somewhat less complex to examine these questions in men,
who lack the variable fluctuations in hormonal levels that women experience pre-,
peri-, and postnatally, these questions—among others—are of at least equal interest
in women.

This paradigm—examining how behavioral influences affect hormones and how
this plays back onto behavior—lends itself to hypothesis-generation; its derivations
are quite testable, its findings are fascinating, and its contributions to evolutionary
theory are—and will be—significant.
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