
doi: 10.1098/rspb.2008.1542
, 1077-1082276 2009 Proc. R. Soc. B

 
Coren L Apicella and David R Feinberg
 
gatherers

−Voice pitch alters mate-choice-relevant perception in hunter
 
 

Supplementary data

ml 
http://rspb.royalsocietypublishing.org/content/suppl/2009/02/20/276.1659.1077.DC1.ht

 "Data Supplement"

References

http://rspb.royalsocietypublishing.org/content/276/1659/1077.full.html#related-urls
 Article cited in:

 
http://rspb.royalsocietypublishing.org/content/276/1659/1077.full.html#ref-list-1

 This article cites 54 articles, 14 of which can be accessed free

Subject collections

 (2632 articles)evolution   �
 (1974 articles)behaviour   �

 
Articles on similar topics can be found in the following collections

Email alerting service  hereright-hand corner of the article or click 
Receive free email alerts when new articles cite this article - sign up in the box at the top

 http://rspb.royalsocietypublishing.org/subscriptions go to: Proc. R. Soc. BTo subscribe to 

This journal is © 2009 The Royal Society

 on April 27, 2011rspb.royalsocietypublishing.orgDownloaded from 

http://rspb.royalsocietypublishing.org/content/suppl/2009/02/20/276.1659.1077.DC1.html 
http://rspb.royalsocietypublishing.org/content/276/1659/1077.full.html#ref-list-1
http://rspb.royalsocietypublishing.org/content/276/1659/1077.full.html#related-urls
http://rspb.royalsocietypublishing.org/cgi/collection/behaviour
http://rspb.royalsocietypublishing.org/cgi/collection/evolution
http://rspb.royalsocietypublishing.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=royprsb;276/1659/1077&return_type=article&return_url=http://rspb.royalsocietypublishing.org/content/276/1659/1077.full.pdf
http://rspb.royalsocietypublishing.org/subscriptions
http://rspb.royalsocietypublishing.org/


Proc. R. Soc. B (2009) 276, 1077–1082

doi:10.1098/rspb.2008.1542

 on April 27, 2011rspb.royalsocietypublishing.orgDownloaded from 
Voice pitch alters mate-choice-relevant
perception in hunter–gatherers
Coren L. Apicella1,* and David R. Feinberg2

1Department of Anthropology, Harvard University, 11 Divinity Avenue, Cambridge, MA 02138, USA
2Department of Psychology, Neuroscience and Behaviour, McMaster University, Hamilton, Ontario, Canada L8S 4K1

Published online 2 December 2008
Both au
Electron
1098/rsp

*Autho

Received
Accepted
In humans, voice pitch is thought to be a cue of underlying quality and an important criterion for mate

choice, but data from non-Western cultures have not been provided. Here we test attributions to and

preferences for voices with raised and lowered pitch in hunter–gatherers. Using a forced-choice playback

experiment, we found that both men and women viewed lower pitched voices in the opposite sex as being

better at acquiring resources (e.g. hunting and gathering). While men preferred higher pitched women’s

voices as marriage partners, women showed no overall preference for voice pitch in men. However, women

who were currently breastfeeding had stronger preferences for higher pitched male voices whereas women

not currently breastfeeding preferred lower pitched voices. As testosterone is considered a costly signal

associated with dominance, heritable immunity to infection and low paternal investment, women’s

preferences potentially reflect a trade-off between securing good genes and paternal investment. Men’s

preferences for higher pitched female voices are probably due to an evolved preference for markers of

fecundity, reflected in voice pitch.
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1. INTRODUCTION
Voice pitch, similar to other phenotypic features such as

faces, may be an indicator of underlying mate quality in

humans (Feinberg 2008). Vocal attractiveness is correlated

with body attractiveness (Hughes et al. 2004) and facial

attractiveness in both men (Saxton et al. 2006) and women

(Collins & Missing 2003). The relationship between facial

and vocal attractiveness in men may be mediated by

testosterone’s masculinizing effects across different mod-

alities. Producing a low-pitched voice in men is thought to

be costly, since testosterone, which lowers voice pitch

during puberty, is associated with suppressed immune

function (Folstad & Karter 1992; Chen & Parker 2004)

and risky social and sexual behaviour (Archer 2006). Voice

pitch in men, due to its association with testosterone, may

provide a signal of immunocompetence and genetic quality

(Zahavi 1975; Folstad & Karter 1992) and dominance

(Mazur & Booth 1998). Indeed, it has been found that in

Hadza hunter–gatherers, men with lower pitched voices

have greater reproductive success compared with their

higher pitched counterparts (Apicella et al. 2007a). In

addition, both men and women use male voice pitch that is

used to gauge dominance (Feinberg et al. 2006; Puts et al.

2006, 2007). Given these findings, it is not surprising that

women generally prefer men with more masculine or lower

pitched voices (Collins 2000; Feinberg et al. 2005, 2008a).

In women, high voice pitch may signal low testosterone

and/or high oestrogen levels (Feinberg 2008). Women’s

voices are judged more attractive mid-cycle (Pipitone &

Gallup 2008) and voice pitch increases as women near
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ovulation (Bryant & Haselton 2008) when oestrogen levels

are high. Higher pitched female voices are associated with

attributions of femininity (Feinberg et al. 2008b) and

youth (Collins & Missing 2003) although they are more

closely tied to femininity (Feinberg et al. 2008b). Research

on men’s preferences for vocal dimorphism in women has

found that they prefer more feminine or higher pitched

voices (Collins & Missing 2003; Feinberg et al. 2008b).

To date, little work on vocal attributions and prefer-

ences has been conducted in non-Western populations

where exposure to media and influences from other

cultures are limited. Here we test attributions and

preferences for vocal dimorphism in the Hadza,

an isolated and evolutionarily relevant population of

hunter–gatherers. Specifically, we were interested in

whether voice pitch affects attributions individuals make

about a male speaker’s ability to hunt and a female

speaker’s ability to gather. We predict that lower pitched

voices will be associated with the perception of greater

hunting ability in men and greater gathering ability in

women. The basis for this prediction is the intuition that

performance in these activities, which are strenuous,

labour intensive and require strength and muscularity,

may be androgen dependent. Voice pitch may then be used

as a signal of androgen exposure.

In this study, we also test Hadza vocal dimorphism

preferences when choosing a marriage partner. Although

Hadza men value voice pitch in women, they also place

considerable importance on fecundity (Marlowe 2004)

and as a result, they should prefer higher pitched voices in

women when choosing for a mate. This prediction is

consistent with previous findings using Western samples.

We make no prediction in regard to women’s preferences

for voice pitch when choosing for a marriage partner.

While women are generally found to prefer lower pitch
This journal is q 2008 The Royal Society
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Table 1. Descriptive statistics of voice pitch after manipulations.

feminized
(Hz)

masculinized
(Hz)

feminized
(ERB)

masculinized
(ERB)

mean
pitch

146.90 109.03 4.15 3.21

s.d. of 17.75 17.73 0.41 0.43
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voices in men, studies also demonstrate that women prefer

more feminine male voices as long-term partners (Puts

2005), at non-fertile menstrual cycle phases (Puts 2005;

Feinberg et al. 2006) and when using hormonal contra-

ceptives (Feinberg et al. 2008a). Each of these situations is

also associated with preferences for facial femininity and

increased male investment (Feinberg 2008).
pitch
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Figure 1. Attributions to and preferences for voices with
raised and lowered pitch. Filled bars, Hadza; open bars, UK.
2. MATERIAL AND METHODS
(a) Participants

The Hadza occupy remote savannah–woodland areas in

northern Tanzania around Lake Eyasi and subsist on game

killed with bow and arrow and foraged foods such as berries,

baobab fruit and tubers. They are approximately 1000 in

number and live in camps of approximately 30 individuals.

The majority of Hadza are monogamous although approxi-

mately 4 per cent of men have two wives. Although parents

may have some influence over the choice of marriage

partners, individuals can freely choose their spouses.

Preference data were gathered from participants in eight

different Hadza camps and interviewed in private by one of

the authors (C.L.A.). All interviews were conducted in

Swahili as the Hadza are fluent in it. Raters included 46

Hadza men (aged 19–59, meanZ37.27, s.d.Z11.54) and 42

Hadza women (aged 18–47, meanZ31.45, s.d.Z7.87). Of

these women, 20 reported that they were not currently

breastfeeding, 19 reported that they were currently breast-

feeding and 3 women did not report these data.

(b) Stimuli manufacture

The UK (Feinberg et al. 2005, 2006, 2008a) and Hadza

(Apicella et al. 2007a) voices were recorded using identical

methods to prior studies where words and sentences of

neutral content were used. Hadza voices were collected in a

distant camp from where preference data were collected.

Hadza voices were recorded in private, by one of the authors

(C.L.A.), inside a landrover. Participants were instructed to

speak the Swahili word hujambo, which loosely translates to

hello in English, into a microphone. There was no indication

that the voices were recognized by any participants. Voices

were raised and lowered in pitch, independently of other

acoustic vocal features using PRAAT software and the pitch-

synchronous overlap add algorithm. Voices were raised G0.5

equivalent rectangular bandwidth (ERB), which is roughly

equivalent to a G20 Hz manipulation at a centre frequency of

120G20 Hz and G0.5 ERB manipulations have been used in

many previous studies and are adequate to alter voice

preferences (Feinberg et al. 2005, 2006, 2008a; Jones et al.

2008). Examples of voice pitch manipulations for the

Hadza and UK voices are available as electronic supple-

mentary material. Here, the ERB scale was used so that

manipulations at different centre frequencies would be more

perceptually equivalent than Hz, semitone, mel and bark

scales (Traunmuller 1990; Stevens 1998). Descriptive

statistics on acoustics are highlighted in table 1.

(c) Procedure

Following other studies on voice preferences, participants

were presented with five pairs of voices from the UK and five

pairs of voices from the Hadza in a two-alternative forced-

choice paradigm. Each pair consisted of the same voice with

both raised and lowered pitch versions at a constant volume.

Participants chose which of each pair they preferred as a
Proc. R. Soc. B (2009)
marriage partner. Specifically, participants were asked which

individual they would like to marry. In addition, men chose

which voice out of each pair of women’s voices would be a

better gatherer and women chose which voice out of each pair

of men’s voices would be a better hunter. All orders

(presentation within and between pairs of voices, and

order of questions) were randomized. Participants were

allowed to listen to voices as often as they wanted before

making decisions.
3. RESULTS

(a) Men rating women

Hadza men judged the lower pitch UK (t(44)Z2.50,

pZ0.016) and Hadza (t(44)ZK2.89, pZ0.006) voices to

be better gatherers. While higher pitch female European

voices were chosen significantly more as marriage partners

(t(44)Z3.61, pZ0.001), the preference for higher pitch

female Hadza voices as marriage partners only neared

significance (t(44)Z1.97, pZ0.055). Age of raters did

not predict any responses (all Pearson’s r!0.190, all

pO0.207). On average, Hadza men preferred women with

higher pitched voices as marriage partners to women with

lower pitched voices (t(44)Z3.27, pZ0.002). Figure 1

displays these results.
(b) Women rating men

Hadza women selected both lower pitch male European

(t(41)Z5.09, p!0.0001) and Hadza (tZ14.71, p!0.0001)

voices as better hunters compared with higher pitch male

voices. Women did not, however, exhibit a general

preference for voice pitch for European (t(41)ZK4.24,

pZ0.674) or Hadza (t(41)Z0) voices when choosing a

marriage partner. Age of raters did not significantly predict

any responses (all Pearson’s r!0.211, all pO0.179).

http://rspb.royalsocietypublishing.org/
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Figure 2. Breastfeeding predicts women’s preferences for
raised and lowered pitch in men’s voices.
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(c) Exploratory analysis

As recent reviews and empirical papers highlight the

necessity to consider individual differences in voice

preferences (Feinberg et al. 2005, 2006, 2008a; Puts

2005; Feinberg 2008), we investigated individual

differences in women’s preferences further. As there

was no significant difference in women’s preferences

for masculinity in the Hadza and UK voices (paired

sample t(41)ZK0.374, pZ0.70), percentage of all mascu-

line voices chosen was used in subsequent analyses.

A univariate ANOVA (dvZpercentage of masculine voices

chosen; between-subject factorZbreastfeeding (no/yes);

covariateZage) demonstrated that breastfeeding, strongly

predicted women’s vocal masculinity preferences (model:

F2,36Z7.81, pZ0.02; breastfeeding: F2,36Z14.34,

p!0.0001), independently of age (F2,36Z0.486, pZ0.49).

Independent sample t-tests revealed significant differences in

marriage preferences for voice pitch between women who

were breastfeeding compared with women who were not for

both Hadza (tZK3.17; d.f.Z37; pZ0.003; equal var-

iances assumed) and European (tZK3.36; d.f.Z37;

pZ0.002; equal variances assumed) male voices. That is,

the mean percentage of masculine Hadza and European

voices chosen as a marriage partner for women who are

breastfeeding is lower than that for women who were not

breastfeeding (figure 2).
4. DISCUSSION
Lower pitched voices in men and women are associated

with greater hunting and gathering abilities, respectively.

Hunting and gathering are physically challenging

and labour intensive, and thus require strength and

muscularity. We speculate that the perceptual link between

lower voice pitch and increased foraging ability is due to

testosterone’s joint effect on voice pitch and muscle mass

and strength. Through the lengthening and thickening of

the vocal folds, which are rich in androgen receptors,

men’s voice pitch is lowered at puberty (Titze 1994;

Jenkins 1998). Experiments with animals demonstrate a

positive dose–response relationship of androgens on

laryngeal growth (Beckford et al. 1985). Voice pitch is

also negatively associated with circulating testosterone in

adult men (Dabbs & Mallinger 1999) and in boys during

late adolescence (Pedersen et al. 1986). While testosterone

is not associated with lower pitch in boys during puberty,

testes volume is (Harries et al. 1997). Evidence

that testosterone also lowers women’s voice pitch

also exists (Van Borsel et al. 2000). Importantly,
Proc. R. Soc. B (2009)
testosterone, through protein catabolism, also promotes

muscularity (Griggs et al. 1989). Indeed, there is a

large literature linking testosterone with increased muscle

mass and strength and most convincingly, testosterone

dose-dependent changes in muscle size, strength and

power have been found (Bhasin et al. 2001). Thus, it is not

surprising that studies have implicated increased androgen

levels with increased physical performance in both men

and women (Peltenburg et al. 1984; Constantini & Warren

1995; Rickenlund et al. 2003). Testosterone may also

increase performance via its effect on both confidence

(Wrangham 1999) and increased competitiveness

(Mehta & Josephs 2006).

We do not know whether men with lower pitched voices

are actually better hunters since this association between

voice pitch and perception of hunting ability could arise

via multiple pathways. For example, hunting ability in

foragers is positively correlated with reproductive success

(Kaplan & Hill 1985) and men with lower pitched voices

have higher reproductive success compared with men with

higher pitched voices (Apicella et al. 2007a) so the

association between hunting and voice pitch could arise

via pure observation of offspring count. An alternative

explanation for the observed relationship between lower

voice pitch and increased food acquisition ability is

the association of both variables with greater height.

However, there is no evidence linking voice pitch to body

size in humans (see Fitch 2000 for review). In our sample

of Hadza, pitch does not predict height in either men

(bZK0.06; pZ0.68) or women (bZK0.003; pZ0.98),

holding age constant. When age is removed as a control,

the relationship remains unchanged. This is not surprising

since the vocal folds comprise soft tissue and can grow

independently of the rest of the body. For instance, in the

face of testosterone deficiency, men’s voices do not lower

and muscle mass remains lean but bone growth continues

under the influence of growth hormone. Also, there is no

evidence to suggest that increased stature is positively

associated with resource acquisition in hunter–gatherers.

In fact, among !Kung San foragers of southern Africa,

shorter men are more successful hunters over the course of

the lifetime compared with taller men (Lee 1979). Finally,

there is no evidence that people misuse pitch as a cue to

body size when making mate-choice-relevant decisions in

Western societies (Feinberg et al. 2005) although we

cannot be sure that this did not occur in this current study.

Although increased testosterone may be beneficial to

women for successful acquisition of food resources, it may

be at the expense of reproduction. In the light of this, and

consistent with the findings in Western studies (Collins &

Missing 2003; Feinberg et al. 2008b), we found that men

preferred women with higher pitched voices as marriage

partners. Although gathering is an important quality for

men when seeking a partner, markers of fecundity such as

femininity and youth, both cued by high voice pitch are

apparently more important when choosing for a mate.

One explanation may be that marrying the best gatherer

does not increase a man’s reproductive success as much as

marrying a woman with greater reproductive value and/or

a hormonal profile that signals fecundity. This is further

bolstered by the fact that Hadza foraging returns are

shared in an egalitarian fashion within camps and thus

it is unlikely that a given child will suffer greatly if

his/her mother is not as skilled at gathering resources.

http://rspb.royalsocietypublishing.org/
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This assertion has yet to be examined. An alternative

explanation for men’s preferences for women with higher

pitched voices is that they perceive them to be more

nurturing and better at child care. However, if youth and

pitch are positively correlated, then a high-pitched voice

may instead signal inexperience in mothering ability. This

is an interesting topic for future research.

Although women perceive men with lower pitched

voices to be better hunters, we found that they showed no

preference for voice pitch when choosing for marriage

partners. Since approximately half of our sample consisted

of women breastfeeding, we examined whether this lack of

general preference could be explained by variation in

women’s preferences by reproductive state. We found that

women who are breastfeeding preferred higher pitched

voices for marriage partners while women not breastfeed-

ing preferred lower pitched voices. Studies suggest that

women display strategic shifts in masculinity preferences,

depending on the balance between seeking men who

exhibit high testosterone levels and possibly good genes

but who may be less likely to invest in relationships and

offspring, and seeking men who have less testosterone, but

may be more willing to invest (Gangestad et al. 2005).

Thus, preferences shift towards resource acquisition

during times when the benefits of investment outweigh

the benefits of enhanced immunocompetence or good

genes and dominance (Jones et al. 2005a).

Breastfeeding is a metabolically costly activity that

often results in a negative energy balance for the mother

and a period of lactational amenorrhoea (Ellison 2003). In

the Hadza, male provisioning is critical during this time

(Marlowe 2003). While Hadza women’s food returns

decrease when they have nurslings, their mates’ food

returns make up for this reduction (Marlowe 2003).

Accordingly, during lactation women should value traits in

men that signal a willingness to invest since investment at

this time is crucial. This result is consistent with the

finding that women exhibit stronger preferences for

femininity in men’s faces during times in the menstrual

cycle when conception is unlikely (Penton-Voak et al.

1999; Johnston et al. 2001; Jones et al. 2005a). Also,

women using hormonal contraceptives (most often

progesterone based) prefer more feminine voices and

faces, whereas women not using hormonal contraceptives

prefer more masculine voices and faces (Feinberg et al.

2008a). We know of no study that has investigated

whether masculinity preferences for long-term mates

differ as a function of whether the woman is lactating,

although studies have demonstrated that pregnant women

display stronger preferences for perceived health (Jones

et al. 2005a) and symmetry (Little et al. 2007) in faces,

compared with non-pregnant women.

It has been proposed that progesterone may be a

hormone associated with increases in femininity prefer-

ences (Jones et al. 2005a), given that pregnancy, oral

contraceptives and the luteal menstrual-cycle phase are all

characterized by higher progesterone levels and decreased

fecundity (Dunson et al. 1999; Wilcox et al. 2000).

However, the hormonal profile associated with lactation is

marked by lowered progesterone and oestrogen. Prolactin

and oxytocin, hormones elevated during lactation, also

have known psychological and behavioural effects. For

instance, sexual appetence is reduced in response to

elevated prolactin levels (Krüger et al. 2002) while anxiety
Proc. R. Soc. B (2009)
and depression are increased (Kellner et al. 1984).

Elevated oxytocin has been linked to increased maternal

bonding (Feldman et al. 2007), trust (Kosfeld et al. 2005)

and reduced anxiety (Kirsch et al. 2005). Future research

should investigate potential hormonal influences in

mating preferences. One limitation of this study is that

we did not collect hormonal profiles for the women in our

study and so we cannot examine their association with

masculinity preferences nor can we be sure that some of

the women breastfeeding in our sample were not cycling.

Finally, it is possible that changes in preferences are not

hormonally mediated and instead occur owing to social

feedback, rational choice or even a preference for pitch

indicative of infant-directed speech.

Worth noting is the finding that preferences were not

contingent upon the raters understanding the language

heard. In other words, voice preferences were present

when Hadza rated voices speaking English. However,

voice-pitch dependent preferences for cues to social

interest do not surface when reversed speech is used

(Jones et al. 2008). In other words, evolutionarily relevant

preferences for voice pitch may transcend language

barriers, but not for sounds that are humanly

impossible to produce (i.e. reversed speech). This suggests

that hearing natural human sounds supersedes compre-

hension when ascribing evolutionarily relevant attribu-

tions to speech.

In conclusion, this is the first cross-cultural study of

preferences for voice pitch. The overall results of this study

suggest that Hadza and Western preferences for voice

pitch are not dissimilar and when they do diverge, they

diverge in an evolutionarily congruent fashion. Future

research with the Hadza will examine whether actual voice

pitch is related to hunting and gathering abilities. Since the

Hadza are an isolated and evolutionarily relevant popu-

lation, this study lends further support for voice

preferences being evolved adaptations for mate selection

rather than an artefact of arbitrary cultural values and

ideals. Nevertheless, experience may play an important

role in voice preferences as has been demonstrated for

face preferences (Little & Mannion 2006; Apicella et al.

2007b; Jones et al. 2007).

Research was approved by the Tanzanian Commission for
Science and Technology (COSTECH).

Funding for this study was made possible through an NSF,
REG research grant (C.L.A.) and support from the
Department of Anthropology at Harvard University
(C.L.A.). We wish to thank Marc Hauser and two anonymous
reviewers for their helpful comments and Frank Marlowe for
his continued support and insight.
REFERENCES
Apicella, C. L., Feinberg, D. R. & Marlowe, F. W. 2007a

Voice pitch predicts reproductive success in male
hunter–gatherers. Biol. Lett. 3, 682–684. (doi:10.1098/
rsbl.2007.0410)

Apicella, C. L., Little, A. C. & Marlowe, F. W. 2007b Facial
averageness and attractiveness in an isolated population of
hunter–gatherers. Perception 36, 1813–1820. (doi:10.
1068/p5601)

Archer, J. 2006 Testosterone and human aggression:
an evaluation of the challenge hypothesis. Neurosci.
Biobehav. Rev. 30, 319–345. (doi:10.1016/j.neubiorev.
2004.12.007)

http://dx.doi.org/doi:10.1098/rsbl.2007.0410
http://dx.doi.org/doi:10.1098/rsbl.2007.0410
http://dx.doi.org/doi:10.1068/p5601
http://dx.doi.org/doi:10.1068/p5601
http://dx.doi.org/doi:10.1016/j.neubiorev.2004.12.007
http://dx.doi.org/doi:10.1016/j.neubiorev.2004.12.007
http://rspb.royalsocietypublishing.org/


Voice pitch alters perception in hunter–gatherer C. L. Apicella & D. R. Feinberg 1081

 on April 27, 2011rspb.royalsocietypublishing.orgDownloaded from 
Beckford, N. S., Schaid, D., Rood, S. R. & Schanbacher, B.

1985 Androgen stimulation and laryngeal development.

Ann. Otol. Rhinol. Laryngol. 94, 634–640.

Bhasin, S. et al. 2001 Testosterone dose–response relation-

ships in healthy young men. Am. J. Physiol. Endocrinol.

Metab. 281, E1172–E1181.

Bryant, G. A. & Haselton, M. G. 2008 Vocal cues of ovulation

in human females. Biol. Lett. 5, 12–15. (doi:10.1098/rsbl.

2008.0507)

Chen, C. C. G. & Parker, C. R. 2004 Adrenal androgens and

the immune system. Semin. Reprod. Med. 22, 369–377.

(doi:10.1055/s-2004-861553)

Collins, S. A. 2000 Men’s voices and women’s choices. Anim.
Behav. 60, 773–780. (doi:10.1006/anbe.2000.1523)

Collins, S. A. & Missing, C. 2003 Vocal and visual

attractiveness are related in women. Anim. Behav. 65,

997. (doi:10.1006/anbe.2003.2123)

Constantini, N. W. & Warren, M. P. 1995 Menstrual

dysfunction in swimmers: a distinct entity. J. Clin.

Endocrinol. Metab. 80, 2740–2744. (doi:10.1210/jc.80.9.

2740)

Dabbs, J. M. & Mallinger, A. 1999 High testosterone levels

predict low voice pitch among men. Pers. Indiv. Dif. 27,

801–804. (doi:10.1016/S0191-8869(98)00272-4)

Dunson, D. B., Baird, D. D., Wilcox, A. J. & Weinberg, C. R.

1999 Day-specific probabilities of clinical pregnancy

based on two studies with imperfect measures of

ovulation. Hum. Reprod. 14, 1835–1839. (doi:10.1093/

humrep/14.7.1835)

Ellison, P. T. 2003 Energetics and reproductive effort. Am.

J. Hum. Biol. 15, 342–351. (doi:10.1002/ajhb.10152)

Feinberg, D. R. 2008 Are human faces and voices ornaments

signaling common underlying cues to mate value? Evol.

Anthropol.: Issues, News, and Reviews 17, 112–118. (doi:10.

1002/evan.20166)

Feinberg, D. R., Jones, B. C., Little, A. C., Burt, D. M. &

Perrett, D. I. 2005 Manipulations of fundamental and

formant frequencies influence the attractiveness of human

male voices. Anim. Behav. 69, 561–568. (doi:10.1016/

j.anbehav.2004.06.012)

Feinberg, D. R., Jones, B. C., Law-Smith, M. J., Moore,

F. R., DeBruine, L. M., Cornwell, R. E., Hillier, S. G. &

Perrett, D. I. 2006 Menstrual cycle, trait estrogen

level, and masculinity preferences in the human voice.

Horm. Behav. 49, 215–222. (doi:10.1016/j.yhbeh.2005.

07.004)

Feinberg, D. R., DeBruine, L. M., Jones, B. C. & Little, A. C.

2008a Correlated preferences for men’s facial and vocal

masculinity. Evol. Hum. Behav. 29, 233–241. (doi:10.

1016/j.evolhumbehav.2007.12.008)

Feinberg, D. R., DeBruine, L. M., Jones, B. C. & Perrett,

D. I. 2008b The role of femininity and averageness of voice

pitch in aesthetic judgments of women’s voices. Perception

37, 615–623. (doi:10.1068/p5514)

Feldman, R., Weller, A., Zagoory-Sharon, O. & Levine, A.

2007 Evidence for a neuroendocrinological foundation of

human affiliation: plasma oxytocin levels across pregnancy

and the postpartum period predict mother–infant bond-

ing. Psychol. Sci. 18, 965–970. (doi:10.1111/j.1467-9280.

2007.02010.x)

Fitch, W. T. 2000 The evolution of speech: a comparative

review. Trends Cogn. Sci. 4, 258–267. (doi:10.1016/S1364-

6613(00)01494-7)

Folstad, I. & Karter, A. J. 1992 Parasites, bright males and the

immunocompetence handicap. Am. Nat. 139, 603–622.

(doi:10.1086/285346)

Gangestad, S. W., Thornhill, R. & Garver-Apgar, C. E. 2005

Adaptations to ovulation. Curr. Dir. Psychol. Sci. 14,

312–316. (doi:10.1111/j.0963-7214.2005.00388.x)
Proc. R. Soc. B (2009)
Griggs, R. C., Kingston, W., Jozefowicz, R. F., Herr, B. E.,

Forbes, G. & Halliday, D. 1989 Effect of testosterone on

muscle mass and muscle protein synthesis. J. Appl. Physiol.

66, 498–503.

Harries, M. L. L., Walker, J. M., Williams, D. M., Hawkins,

S. & Hughes, I. A. 1997 Changes in the male voice at

puberty. Arch. Dis. Child. 77, 445–447.

Hughes, S., Dispenza, F. & Gallup, G. G. J. 2004 Ratings of

voice attractiveness predict sexual behavior and body

configuration. Evol. Hum. Behav. 25, 295–304. (doi:10.

1016/j.evolhumbehav.2004.06.001)

Jenkins, J. S. 1998 The voice of the castrato. Lancet 351,

1877–1880. (doi:10.1016/S0140-6736(97)10198-2)

Johnston, V. S., Hagela, R., Franklin, M., Fink, B. &

Grammer, K. 2001 Male facial attractiveness: evidence

for hormone-mediated adaptive design. Evol. Hum. Behav.

22, 251–267. (doi:10.1016/S1090-5138(01)00066-6)

Jones, B. C., Little, A. C., Boothroyd, L., Debruine, L. M.,

Feinberg, D. R., Smith, M. J., Cornwell, R. E., Moore,

F. R. & Perrett, D. I. 2005a Commitment to relationships

and preferences for femininity and apparent health in faces

are strongest on days of the menstrual cycle when

progesterone level is high. Horm. Behav. 48, 283–290.

(doi:10.1016/j.yhbeh.2005.03.010)

Jones, B. C. et al. 2005b Menstrual cycle, pregnancy and oral

contraceptive use alter attraction to apparent health in

faces. Proc. Biol. Sci. 272, 347–354. (doi:10.1098/rspb.

2004.2962)

Jones, B., DeBruine, L., Little, A. C. & Feinberg, D. 2007

The valence of experience with faces influences general-

ized preferences. Evol. Psychol. 5, 1–11. (doi:10.1556/JEP.

2007.1018)

Jones, B. C., Feinberg, D. R., Debruine, L. M., Little, A. C. &

Vukovic, J. 2008 Integrating cues of social interest and voice

pitch in men’s preferences for women’s voices. Biol. Lett. 4,

192–194. (doi:10.1098/rsbl.2007.0626)

Kaplan, H. & Hill, K. 1985 Hunting ability and reproductive

success among male ache foragers—preliminary-results.

Curr. Anthropol. 26, 131–133. (doi:10.1086/203235)

Kellner, R., Buckman, M. T., Fava, G. A. & Pathak, D.

1984 Hyperprolactinemia, distress, and hostility. Am.

J. Psychiatry 141, 759–763.

Kirsch, P. et al. 2005 Oxytocin modulates neural circuitry

for social cognition and fear in humans. J. Neurosci

25, 11 489–11 493. (doi:10.1523/JNEUROSCI.3984-05.

2005)

Kosfeld, M., Heinrichs, M., Zak, P. J., Fischbacher, U. &

Fehr, E. 2005 Oxytocin increases trust in humans. Nature

435, 673–676. (doi:10.1038/nature03701)
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