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The individual time patterns of salivary testosterone of
adult healthy men, self-reported sexual behavior and
their co-occurrence with regular weekly or monthly in-
tervals were studied. Twenty-seven volunteer males
(mean age 33 = 1 years) collected daily morning saliva
over a period of 90 days. Evening questionnaires pro-
vided daily information on sexual activity. From the sa-
liva, testosterone immunoreactive substances were de-
termined using enzyme immunoassay. To detect events
in which increases of testosterone were associated with
sexual activity and at the same time controlling for reg-
ular internal patterns in men, data were analyzed using
Theme software. First results indicated a varying num-
ber of complex nonrandom interaction patterns of tes-
tosterone with sexual activity, but also with weekly (i.e.,
Saturdays) and monthly intervals (i.e., 28-day full-moon
intervals). The social context of the occurrence of spe-
cific pattern combinations was elaborated using param-
eters from the men’s self-reported general life history
profiles. Peak hormone levels occurred around week-
ends in the majority of the males. The 28-day monthly
interval coincided with testosterone peaks only in those
of the paired men who reported a current wish for chil-
dren (“prospective fathers”), but not in unpaired men or
in those who did not wish to have children with their
current partner. Rather than representing a direct regu-
lar pattern of the male testosterone per se, the observed
patterns suggest that men have the facultative potential
to adjust their testosterone responses to their female
partner’s cycle. In line with the interactions between
behavior and androgens observed in vertebrates in gen-
eral, this study adds an example of the mutual character

' To whom correspondence should be addressed at Unidade
de Investigacdo em Eco-Etologia, ISPA, Rua Jardim do Tabaco
34, 1149-041 Lisbon, Portugal. E-mail: katarina@ispa.pt.

172

of hormone-behavior interactions and, thus, for the so-
cial context of testosterone patterns in human males.
© 2002 Elsevier Science (USA)
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Androgens play major roles in the conserved verte-
brate reproductive axis (i.e., hypothalamus—pituitary-
gonads). Testosterone, in particular, is essential for
spermatogenesis, the maintenance of the genital tract,
and the development of secondary sexual characters
in males (Nelson, 2000). Early behavioral endocrinol-
ogy studies in normal human males were focused
predominantly on the interaction between androgens
and sexual activity (Brown, Monti, and Corriveau,
1970; Fox, Ismail, Love, Kirkham, and Loraine, 1972).
Beard growth rate and concentration were then ob-
served to increase in anticipation of sexual activity
(Anonymous, 1970), which along with the develop-
ment of noninvasive saliva assays (Walker, Wallace,
Read, and Riad-Fahmy, 1980; Howard, Kane, Madden,
Gosling, and Fottrell, 1989; Dabbs, 1990a; Archer, Bir-
ring, and Wu, 1998) paved the way to study the role of
the social environment and of behavior as short-term
modulators of testosterone (Graham and Desjardins,
1980; Hellhammer, Hubert, and Schirmeyer, 1985;
Dabbs and Mohammed, 1990; Stoléru, Ennaji,
Cournot, and Spira, 1993). In sum, testosterone was
observed to influence and, reversibly, be modulated
by sexual interest, arousal, and enjoyment, as well as
by winning in sports competitions, mood, and physi-
cal welfare (Mazur and Lamb, 1980; Hellhammer et al.,
1985; Cook, Read, Walker, Harris, and Riad-Fahmy,
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1986; Booth, Shelley, Mazur, Tharp, and Kittok, 1989;
Alexander and Sherwin, 1991; Dabbs, 1995; Mazur,
Susman, and Edelbrock, 1997; Gonzalez-Bono, Salva-
dor, Serrano, and Ricarte, 1999; Schultheiss, Campbell,
and McClelland, 1999). Also on a longer time-scale
basal testosterone levels may organize but also inter-
act with life history traits, i.e., with marital status
among soldiers (Julian and McKenry, 1989; Booth and
Dabbs, 1993) and with violence, aggressiveness, and
dominance among prisoners (Kreuz and Rose, 1972;
Olweus, Mattson, Schalling and Loew, 1988; Mazur
and Booth, 1998). Recently, the testosterone of new
fathers was observed to decrease in response to the
birth of their infants (Storey, Walsh, Quinton, and
Wynne-Edwards, 2000). This was in line with the an-
drogen patterns observed in biparental or paternal
fishes, birds, and mammals (Wingfield, Hegner,
Dufty, and Ball, 1990; Brown, 1993; Hirschenhauser
and Oliveira, 2000; Oliveira, Hirschenhauser, Car-
neiro, 2002; Wynne-Edwards 2001).

In contrast to the well-known hormonal basis of the
menstrual cycle in women (e.g., Van Goozen, Wiegant,
Endert, Helmond, and Van de Poll, 1997), a regular
internal pattern of hormones and behavior in men, for
example, on a monthly basis, to our knowledge has
not been studied. The existence of a male “cycle” in
terms of hormones and behavior may be considered
for a number of reasons. Testosterone plays a role in
erectile function, sexual behavior, and mood, which
may vary from day to day (Carani, Bancroft, Granata,
Del Rio, and Marrama, 1992; Mulligan and Schmitt,
1993; Anderson, Martin, Kung, Everington, Pun, Tan,
Bancroft, Sundaram, Moo-Young, and Baird, 1999) or
across the days of a week (Palmer, Udry, and Morris,
1982; Wallen, 2001). Furthermore, unconscious auto-
ejaculations during phases of sexual inactivity are
common. Finally, physical welfare, concentration,
mood, and aggressive as well as sexual motivation
may vary noticeably in men (van Niekerk, Huppert,
and Herbert, 2001; Zitzmann and Nieschlag, 2001), as
observed throughout the female monthly cycle (Schrei-
ner-Engel, Schiavi, Smith, and White, 1981; Kemnitz,
Gibber, Lindsay, and Eisele, 1989; Van Goozen et al.,
1997). Alternatively, men may be reactive to the hor-
monal fluctuations and sexual responsivity of their
wives (Persky, Lief, Strauss, Miller, and O’Brien, 1978)
rather than exhibiting a regular internal cycle them-
selves (Rowe, Lincoln, Racey, Lehane, Stephenson,
Shenton, and Glover, 1974). Observations from a num-
ber of species (including the human male) point at the
adaptive value for a monogamous male to be hormon-
ally and behaviorally responsive to his partner’s fe-
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cundity phases (Carter, Williams, Witt, and Insel,
1992; Barth, Wallner, Dittami, and Schrams, 1997; Hir-
schenhauser, Mostl, and Kotrschal, 1999; Storey et al.,
2000).

This study was conducted in order to examine reg-
ular patterns of testosterone and sexual behavior on a
daily basis over a 3-month period in healthy adult
men. As a consequence a large database on the inter-
actions between testosterone and sexual activity has
been acquired. Peak levels of testosterone were ex-
pected in response to sexual activity (Alexander and
Sherwin, 1991; Zitzmann and Nieschlag, 2001). Ana-
lyses focused on three major questions: (a) whether
the males’ testosterone peaks anticipated or followed
periods of sexual activity, (b) the social context of the
observed interaction patterns, and (c) a potential in-
volvement of regular environmental parameters in the
observed time patterns. The involvement of regular
environmental parameters in the observed time pat-
terns included weekly and monthly intervals. The
rates of co-occurrences between testosterone peaks
and sexual activity were compared with regard to
social context and life histories of the candidates. To
test the effect of the family status, the observed pat-
terns were compared between paired and unpaired
men, as well as between fathers and nonfathers. To
distinguish the effects of being paired from the effects
specifically related to reproduction, we asked whether
the observed interaction patterns between testosterone
and sexual activity were modulated by the males’
current commitment to reproduction (“prospective fa-
thers”). This study is the first to examine prospective
fathers, i.e., the males’ commitment to reproduction as
a variable for the interaction between testosterone and
sexual activity.

MATERIALS AND METHODS

Twenty-seven adult, anonymous, volunteer males
collected daily morning saliva samples for a period of
90 days using salivette devices (Sarstedt). Each candi-
date was provided with a sampling package, which
included 90 salivettes labeled for each day, 90 “daily
guestionnaires” to be completed every evening, and a
singular “general questionnaire” to be filled in once at
the beginning of the sampling period. At distribution
of the sampling packages, the candidates randomly
drew a number code and were thereafter treated ano-
nymously by use of the number codes.

The mode of saliva collection was introduced to the
males. To standardize variation due to time of day
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(Nieschlag and Ismail, 1970; Rowe et al., 1974) and to
avoid contamination of the samples by food or tooth-
paste, saliva was collected every morning right after
waking up. Candidates stored the samples at their
houses at —20°C until further processing. All of them
started their sampling periods between May and June
1998 to minimize the potential effects of season on
testosterone patterns (Dabbs, 1990b). Mean age of the
candidates was 33 = 1 years (ranging from 23 to 47
years). This study included men from various profes-
sions and from different environments, 18 candidates
lived in urban settings (Vienna, Austria, and Bergamo,
Italy), and 8 lived in a rural environment (Austria).

Testosterone Assays

Immunoreactive testosterone equivalents were as-
sayed from a total of 2190 saliva samples by enzyme
immunoassay (EIA) using a group-specific antibody
against 4-androstene-173-ol-3-on-carboxymethyloxine:
albumin (rabbit). As label 5a-androstane-38, 178-diol-
3-hemisuccinate (Palme and Mdstl, 1993) was used for
biotinylation (diaminodioxaoctane-biotin). Assay con-
centration limits for reliable measurement ranged
from 80 to 20% binding, which corresponded to a
range of 26.7 to 939.9 pg testosterone per milliliter of
saliva. The specificity of the testosterone EIA was de-
termined by HPLC (Palme, Mostl, Schellander, and
Bamberg, 1997) and resulted in a dominating peak
with the same elution pattern as testosterone.

All samples were stored at —20°C, and treatment
periods outside the freezer were always kept to a
minimum. After centrifugation at 19.125¢g for 10 min at
20°C, approximately 2 ml of the fluid compound of the
saliva was recovered from the salivettes. Wherever
any saliva was present in surplus it was collected for
a joint homogenized pool sample. The samples were
singularly entered into the EIA at a dilution of 30 ul
saliva to 20 ul assay buffer without prior diethyl-ether
extraction (Howard et al., 1989; Schultheiss et al., 1999;
own unpublished data). A total of 40 assays were run,
and individual samples were always distributed over
2 assays. Repeated measurements of duplicate pool
samples at the first 2 and the last 2 cups of each
microtiter plate revealed a mean inter-assay coefficient
of variation of 12.4% per individual; the mean intra-
assay coefficient of variation was 8.2%.

Behavioral Parameters

Self-reports of each day’s eventual sexual activities
(including masturbation) were recorded using a daily
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guestionnaire to be completed every evening. Further-
more, the candidates were asked whether sexual ac-
tivity occurred with a familiar partner and had to
indicate the intensity of the sexual activity by intu-
itively placing a mark along a scale of 50 mm, where
“0” represented low intensity and “50” indicated very
intensive sexual activity. As environmental parame-
ters, weekends and full-moon intervals were coded
post hoc by the authors. Daily behavioral events as
well as the environmental parameters were then ana-
lyzed for their interaction/co-occurrence with testos-
terone peaks.

A singular general questionnaire was collected in
order to assess information on the males’ life history
traits, such as being paired, the pair-bond duration,
whether they were fathers already, whether they had
the wish to have children with their current partner
(prospective fathers) or “not with this partner.” The
life history traits were used as social categories for the
elaboration of the social context of the occurrence of
nonrandom testosterone—behavior patterns.

Theme Patterns

For statistical processing, days with peak occur-
rences were determined from all hormonal and beha-
vioral variables, and thereby between-male variation
of amplitudes was not a subject of the subsequent
analyses. Peaks were chosen rather than troughs as the
focus of this study was on testosterone increases in
response to sexual activity, as well as on the reverse
direction of these interactions (Stoléru et al., 1993). A
“peak” was defined as an androgen level greater than
or equal to the individual mean plus standard devia-
tion (Edwards, Reburn, and Wynne-Edwards, 1995;
Fig. 1) and as sexual activities of intensities greater
than 35 (data above the third quartile). To detect
events in which a testosterone peak was associated
with sexual activity and at the same time controlling
for regular internal patterns in men, data were further
processed by the use of Theme (Magnusson, 1996;
2000), which is a software program specifically de-
signed for the detection and analysis of repeated non-
random behavioral patterns hidden within complex
real-time behavior records. Each time pattern is essen-
tially a repeated chain of some particular set of beha-
vioral event types (AB C D . ..) characterized by fixed
event order (and/or co-occurrence) and time distances
(= 0) between the consecutive parts of the chain that
are significantly similar in all occurrences of the chain
(Magnusson, 1996; 2000). In this context, an important
aspect of this pattern type is that its definition does not
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rely on cyclical organization; i.e., the full pattern
and/or its components may or may not occur in a
cyclical fashion. In order to perform Theme analyses
on the repeated measurements of each individual the
number of actors was 1 in this study. A minimum of
three repeated pattern occurrences throughout the 90-
day sampling period and a 0.05 significance level were
specified. Theme identified time periods when testos-
terone peaks and sexual activity co-occurred (i.e., in
Fig. 1 when levels are outside of the shaded area and
when a circle is indicated above the peak). The detec-
tion of a nonrandom time pattern may, thus, be re-
garded as a measure of the interaction between testos-
terone and sexual behavior or of the co-occurrence
with an environmental parameter. From the numer-
ous detected nonrandom time patterns per individual
the “frequency of occurrence” (N occurrences divided
by the total duration of the sampling period) of each
male’s most complex pattern within the 90 days was
derived. The frequency of occurrence was compared
between those 22 candidates in whom Theme detected
patterns involving both testosterone and behavioral
variables.

Social Context of the Observed Interactions and
Environmental Parameters

Furthermore, the proportion (%) of all time patterns
that involved a significant interaction between testos-
terone and sexual activity was determined per indi-
vidual. In order to elaborate a possible prevalent di-
rection of the interaction, time patterns ranking the
testosterone peak before the behavior were distin-
guished from time patterns that ranked the behavioral
event before the testosterone peak. To compare ob-
served time patterns that involved regular environ-
mental parameters, the number of detected time pat-
terns that involved weekly intervals (i.e., Saturdays)
and monthly intervals (i.e., the 28-day intervals be-
tween full-moons) was determined per individual and
compared between social (life history) categories.

The number of individuals may vary among the
different analyses because the daily questionnaires of
5 candidates were not returned and thus missing, one
candidate did not return his general life history ques-
tionnaire, and for another male information on chil-
dren was not provided. Therefore, time patterns in-
volving testosterone and behavior were available from
22 males, comparisons between different social cate-
gories could be performed among 21 males, and com-
parisons between children-related parameters could
be performed among 20 males. Phenology and analy-
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FIG. 1. Example of an individual testosterone pattern over the
90-day sampling period. Shaded area represents the individual
mean =* standard deviation. Arrows indicate days with reported
sexual activity of intensity greater than 35. Circles above peaks (i.e.,
testosterone levels greater than mean + standard deviation) indi-
cate days on which Theme (Magnusson, 1996; 2000) detected tes-
tosterone peaks following sexual behavior (filled circles) or sexual
activity following a peak in morning testosterone levels (open cir-
cles).

ses of time patterns involving “environmental param-
eters,” such as weekly or monthly intervals, were
independent of the number of returned daily ques-
tionnaires and, therefore, available from 27 males
(comparisons between social categories: 26 males;
comparisons related to children: 25 males). To control
for the effects of season, sampling time, age (Dabbs,
1990a,b), and pair-bond duration, Spearman’s rank
correlations were employed. Temporal sequences
of the observed interactions between testosterone
and behavior were compared using Wilcoxon tests
matched for individuals. The comparisons between
social categories were performed using honparametric
statistics (Mann-Whitney U test). All probabilities are
given two-tailed.

RESULTS

Phenology of Testosterone Patterns

Twenty-seven men delivered on average 86 of the
90 requested daily morning saliva samples (with a
range between 54 and 90). Amplitudes of the observed
individual testosterone fluctuations varied to a great
extent over the sampling period (mean maxima =
SEM = 1100 * 100 ng/ml with a range between 200
and 1313 ng/ml; mean coefficient of variation = SEM
= 49.3 = 3.4%, N = 27; Fig. 1). However, the testos-
terone variation observed in this data set was not due
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TABLE 1
Variables with Potential Confounding Effects on the Observed Variation

Hirschenhauser et al.

in Testosterone among the Studied Sample of Adult Healthy Men

Season (N = 27) Sampling time (N = 26) Age (N = 26) Pair-bond duration (N = 25)
Mean testosterone level r,=021 r,=—0.03 r,=0.30 r, =0.02
P =0.284 P =10.878 P =0.133 P =0.919
Maximum amplitude r, = 0.05 r, = —0.02 r,=0.33 re = 0.02
P = 0.807 P =0.915 P =0.104 P =0.931
Coefficient of variation r,=—0.15 r,=—0.16 r, = —0.03 r, = 0.02
P =0.461 P =0.436 P =0.868 P =0.933

Note. Table shows Spearman’s rank correlation coefficients (r;) of individual mean testosterone levels over the 90-day sampling period,
individual maximum amplitudes and individual coefficients of variation over the total sampling period with season (date of the first sample),
sampling time (time of the day), age, and pair-bond duration. See text for details of varying sample sizes.

to effects of season, sampling time, age, or pair-bond
duration (Table 1). On average, the candidates woke
up and delivered their samples at rather regular times
of the day (7:59 = 0:10 h; N = 26), even though there
was a tendency for later wake-up times around week-
ends as compared to weekdays. Thus, although not
ideal, these data reflect daily patterns of morning tes-
tosterone levels in 27 healthy men monitored over a
3-month period.

In general, an overall interaction of testosterone
with parameters in a direct sexual context was ob-
served. For example, in the seven men who reported
sexual activity with an unfamiliar partner, salivary
testosterone of the next morning was on average up to
100% (ranging from 60 to 330%) higher than their
individual average levels. Moreover, testosterone am-
plitudes of the six candidates who reported sexual
activities with more than one partner within the pre-
ceding 24 h were on average 140% (ranging from 60 to
456%) higher than their individual average testoster-
one levels.

Time Patterns

Theme detected a total of 1641 nonrandom time-
pattern combinations that involved testosterone
(mean diversity = SEM = 75 * 16 per individual, N =
22). These time patterns were composed of variably
complex event combinations that occurred with dif-
ferent frequencies throughout the sampling period
among candidates. In the majority of candidates (19 of
22 males) the most complex patterns occurred with a
frequency of 0.03, i.e., three times throughout the 90
days.

Social Context of the Observed Interactions

An interaction between testosterone and sexual ac-
tivity was detected in 75% of all time patterns that

involved testosterone (total number = 1238; mean *
SEM = 59 =+ 13 per individual; N = 22). The propor-
tions of time patterns that involved testosterone and
sexual activity were not different between unpaired
and paired men (Z = —1.08; N = 5/16; P = 0.28;
Fig. 2A) and also not different between nonfathers and
fathers (Z = —1.52; N = 16/4; P = 0.13; Fig. 2B).
However, the specific interactions between testoster-
one and sexual activity were more frequent among
prospective fathers than among men who had no part-
ner or did not want to have children with their current
partner (Z = —2.13; N = 7/9; P = 0.031; Fig. 2B).

To elucidate the temporal sequence of the observed
interactions, the proportion of all observed time pat-
terns that involved the morning testosterone peak pre-
ceding a behavioral event during the day was com-
pared with the proportion of time patterns that
involved the behavior reported from 1 day preceding
a testosterone peak on the next morning (for an exam-
ple see Fig. 1) in all candidates (Fig. 2C). No signifi-
cant difference of interactions between sexual activity
and testosterone in either direction (Wilcoxon: Z =
—1.023; N = 22; P = 0.31) was found. Therefore, the
presented time patterns were not to be regarded as
interactions with one prevalent direction, but proba-
bly rather represented a high degree of a two-way
type of interaction between sexual behavior and tes-
tosterone levels in all males sampled.

Environmental Modulation of Time Patterns

Time patterns involving testosterone and weekly
intervals (i.e., Saturdays) were observed in 24 of the 27
males. Theme, furthermore, detected a large number
of time patterns involving testosterone and monthly
intervals (i.e., the 28-day period of full-moon phases)
in 15 of 27 males. Because this interval echoes the
average length of the female cycle, we expected to find
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FIG. 2. (A) Proportion of time patterns that involved testosterone
and sexual activity (in either sequence) occurred at non significantly
different rates in unpaired and paired men. (B) “Prospective fa-
thers” showed a larger proportion of time patterns that involved an
interaction between sexual activity and testosterone (in either se-
quence) than unpaired men or those who did not wish to have
children with their current partner. (C) There was no difference
(N = 21; matched pairs) between the proportion of all detected time
patterns per individual that involved sexual activity preceding a
peak of testosterone (TEsex, open bars) and the proportion of
time patterns that detected sexual activity following a peak morn-
ing testosterone level (SexTE, black bars). Bars represent mean
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this interaction in paired rather than in unpaired men.
Surprisingly, the observed variation of male monthly
time patterns could not be explained by being paired
or not (Z = —1.20; N = 6/20; P = 0.23; Fig. 3A).
However, as already observed for the interaction with
sexual activity, the testosterone peaks interacting with
monthly intervals also occurred significantly more
frequent in prospective fathers as compared to those
men who had no partner or did not want to have
children with their current partner (Z = —2.22; N =
9/10; P = 0.026; Fig. 3B). There was no difference in
the occurrences of monthly testosterone patterns of
nonfathers or fathers (Z = —0.10; N = 19/6; P =
0.92; Fig. 3B).

DISCUSSION

The effect of the social context on androgen fluctu-
ations is not a new concept in nonhuman behavioral
endocrinology (Wingfield et al., 1990; Oliveira, 1998;
Hirschenhauser and Oliveira, 2000; Wallen, 2001).
However, studies on the social modulation of testos-
terone response patterns in human males suffer from
the complexity of social interactions and from the
ethical restriction of designing controlled studies in
our own species. Here, the application of Theme ana-
lyses (Magnusson, 1996, 2000) resulted in time patterns
that may be regarded as measures of the co-occurrence
of testosterone with sexual behavior. Such time pat-
terns also provide information on the temporal se-
guence of the parameters involved. Dabbs and Mo-
hammed (1990) found that sexual activity affected
testosterone more than initial testosterone affected
sexual activity, where saliva samples had been col-
lected immediately before and after sexual activity. In
this study, on a daily morning basis, no prevalent
direction of the relationship between testosterone
peaks and sexual behavior was detected (Fig. 2C);
rather there seems to have been a high degree of
mutual interaction.

The existence of a regular cycle of hormones and
sexual behavior in human males has been an open
guestion so far and the results of this study did not
provide direct support for this hypothesis. The known

percentage *+ standard error, different letters above bars represent
significant differences between social categories (P < 0.05), and
numbers inside or above bars are the numbers of individuals per
category.
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FIG. 3. The number of detected time patterns that involved tes-
tosterone at monthly intervals (i.e., the 28-day intervals of full-
moons) per individual. (A) The difference between unpaired and
paired men was not significant. (B) In “prospective fathers” Theme
detected more time patterns that involved testosterone at monthly
intervals than in unpaired men or those who did not want to have
children with their current partner. Bars represent means *+ stan-
dard error, different letters above bars represent significant diffe-
rences between social categories (P < 0.05), and numbers inside or
above bars are the numbers of individuals per category.

peak of sexual intercourse in couples around week-
ends (Palmer et al., 1982) was reflected in the currently
observed co-occurrences of sexual activity and testos-
terone with weekends. This does not point at a male
cycle in any parameter, but rather at the males’ hor-
monal responsiveness to sexual activities. With regard
to a potential male responsiveness to the 28-day inter-
val of the female’s menstrual cycle, one would expect
to observe such response patterns in paired men
rather than in singletons. Our results, however, did
not confirm this prediction. The occurrences of ob-
served time patterns that involved testosterone at
monthly intervals differed due to the reproductive
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context of the males’ relationship to a regular partner,
rather than to being paired per se. In specific, the wish
to have children with a current partner explained both
the observed degree of interaction between testoster-
one and sexual activity and the occurrence of monthly
intervals in the males’ testosterone fluctuations. Thus,
men who had revealed a reproductive context to the
sexual activities with their partners showed different
testosterone response patterns than men who reported
sexual activities without commitment to reproduction.
As 75% of all time patterns involved an interaction
between testosterone and sexual activity, one may
argue that these similarly emerging pictures are to be
regarded as simple artifacts of a higher diversity of
time patterns in general. However, there was no si-
milar result observed with time patterns that involved
testosterone and weekly intervals or with the fre-
guency of occurrence. Furthermore, an effect of using
oral contraceptives, which affects the regularity of the
female’s 28-day period, may be excluded from this
study, because its use was reported in only two cases.
We also controlled for a possible effect of sharing the
household with a partner, but there was no difference
in any of the parameters between paired men living in
shared households versus paired men living in single
households (time patterns involving sex and testoste-
rone: Z = —0.54; N = 10/6; P = 0.59; time patterns
involving testosterone at monthly intervals: Z =
—0.28; N = 11/9; P = 0.78). Therefore, the observed
patterns between testosterone and sex and the
monthly interval of these interactions in prospective
fathers may point at the males’ facultative hormonal
and behavioral responsiveness to their female part-
ner’s cycle. We suggest that our results reflected the
indirect responses of prospective fathers to their fe-
male partners’ regular monthly cycles, rather than
internal male rhythms. Because these monthly pat-
terns were not observed in all paired males, the males’
testosterone responsiveness to their partners seemed
to be specifically related to reproduction.

The concept that males may potentially respond and
adapt to their partners’ hormonal and fecundity
phases has been proposed before. In small mammals,
rapid, but long-lasting oxytocin increases were found
in both partners during pair formation (Carter et al.,
1992; Barth et al., 1997). In a socially monogamous bird
the within-pair testosterone co-variation between the
male and the female partner’s seasonal levels reflected
the pair’s reproductive success (Hirschenhauser et al.,
1999). Human males’ testosterone was shown to cor-
respond to the partner’s sexual responsivity scores
(Persky et al., 1978). Recently, Storey et al. (2000) re-
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ported that testosterone of expectant fathers was spe-
cifically related to the women’s hormone levels, rather
than to the time before birth. Taken together, these
phenomenona are based on mechanisms associated
with social monogamy, including affiliation, paternal
care, and pair bonding. The males’ wish for children
with a specific partner, which led to the distinction of
prospective fathers in this study, may be regarded as
one possible approach to express the intensity and the
subjective perception of a pair bond in human males.
One might even speculate that prospective fathers had
to invest in mate-guarding more intensively and
therefore, were responding more specifically to their
partners’ behavior than, for example, men who had a
sexual partner but were not willing to invest in paren-
tal care with this partner. This “mate-guarding hy-
pothesis” among human males remains one exciting
field for future research.

Finally, the androgen response patterns of fathers
were compared with those of nonfathers. Based on the
literature from nonhuman vertebrates (Wingfield et
al., 1990; Brown, Murdoch, Murphy, and Moger, 1995;
Wynne-Edwards and Reburn, 2000; Wynne-Edwards,
2001), larger rates of androgen responsiveness to sex-
ual “challenges” would be expected in fathers than in
men without paternal duties. The patterns measured
from fathers in this study appeared to be intermediate
between frequent occurrences in prospective fathers
and very rare occurrences in unpaired men or those
who did not want to have children. In addition to the
small sample size, variation among fathers was large
(Figs. 2B and 3B). Measurements of additional fathers
may have resulted in a clearer picture. The degree of
paternal investment, however, was not optimally co-
vered in the present study. The classification “fathers”,
for example, did not necessarily explain any degree of
paternal duties or emotional involvement (Elwood
and Mason, 1994; Storey et al., 2000). Furthermore,
fathers did not explicitly report their wish to have
more children or no more children, which probably
also confounded clearer patterns in this category. Re-
search on the behavioral endocrinology of human fa-
therhood remains of current interest (Wynne-Ed-
wards, 2001) and in the future may even benefit from
the use of Theme analyses to express “real-time re-
sponse patterns.”

Similar to most studies in human behavioral endo-
crinology, the present analyses should be seen as what
they are: restrictive, but valuable (Zitzmann and
Nieschlag, 2001). Although descriptive, this study
may have raised a number of functional hypotheses
that certainly demand improved statistical power and
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controlled evaluation in the future. Specifically, we
propose that men have the facultative potential to
hormonally and behaviorally respond to their part-
ner’s cycle. Most importantly, this study has examined
the effect of the commitment to reproduction when
studying interactions between male testosterone and
sexual activity. However, the speculation that men
who have no wish to have a family with their current
partner might remain hormonally and psychologically
unresponsive to their partner’s fertility phase seems
not trustworthy. In general, the need to consider the
complex influence of the psychoendocrinological and
social context of human males’ testosterone responsi-
vity to behavioral and physical environment was pin-
pointed.
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