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Abstract
Sexual selectioappears to have shapi@ acoustic signals of diverse speciesluding
humansDeep, resonant vocalizations in particular may function in attracting mates and/or
intimidating samesex competitors. Evidender theseadaptive functions in human males
derivespredominantlyfrom perception studies in whiclocal acoustic parametensgre
manipulated using specialist software. This approach affords tight experimental control but
provides little ecological validity, especially when the target acopatiemetersary naturally
with other parameters. Furthermore, such experimental studies provide no information about
what acoustivariablesindicate about the speakiethat is, why attention to vocal cusmybe
favoredin intrasexual and intersexual contexts.rigsvoice recordings with high ecological
validity from 160 male speakeandbiomarkers otondition, including baseline cortisol and
testosterone levels, body morphology and strengghtested a series of pregistered
hypotheseselatingto both percefions and underlying condition of the speakie found
negative curvilinear and negative linealationships between mdiendamental frequencyo}
andfemale perceptions of attractiveness and male perceptions of domilmaaddition,cortisol
and testosterormeegativelyinteracted in predictin, and strength ancheasures dbodysize
negativelypredicted formant frequeiss (Pr). Metaanaly®s of the present results and those
from two previous samples confirmed tifategativelypredicedtestosteronenly among men

with lower cortisol levelsThis research offers empirical evidencgossibleevolutionary

functiorsf o r attention t o nmmeonfexdsofvsexoahdelecioh.ar act er i

st



Theoretical Background
Acousticsignals comprise a fundamental component of mating compétitamdare highly
sexually dimorphic in many species, including many anthropoid printatesansin particular
exhibit strong sexual dimorphism in acoustic sighalsch that thelistributions of male and
female vocal parameterslated to pitch and timbitearely overla®.

From hearing the voice alone, humaasassess diverse salient social characteristics of a
speaker, such biological seageand physical strengfty. Many of these evaluations rely on
inter-individual variation in specific sets of vocal parameters, including fundamental frequency
andformant frequenci€s®. Fundamental frequencis)is the rate of vocal fold vibration during
phonation and influences perceptions of pifeirmant frequencies are resonant frequencies
determined by the length and shape of the vivaat and influence perceptions of vocal timbre

Fundamental and formant frequenc@esome of the most sexually dimorphic
characteristics in humans, suggesting a past influence of sexual sétetideed, lower malg
predicts greater perceptions of attractiveness, dominance and masiéUifnag well as greater
mating succes$®® (but se€® for a null finding) and reproductive succkss (see alsd®19.
Likewise, male formant frequencies influence perceptions of attractiveness, dominance and
masculinity 213202

Despite the abundance of evidence linking acoustic parameters to perceptions relevant in
mating competition, a fundamental question remains: Why have humans evolved to attend to
these parameter€dstly signaling theoryoriginally proposed by?23 but se€* which
concerns the transmission of reliable information between signalers and recewaszfid
theoretical tool to answer this question and helpsnalerstand the maintenance of signal

honestyvia receivefindependent (production costs, developmental costs, maintenance costs) and



receiverdependent costs (e.g., retaliation costs, vulnerability ceest$>?for reviews).

Recently some authoré?®have pointed out weak receiv@ndependent costs associated with

me nfdamdconcluded h at fodees rivissignal formidabilityDtherg 3t suggest thatne n 6 s
fois likely to be partly honest.

Althoughf, influences perceptions of physical dominance, it corretaigsweakly with
physical strengfh®3?(see?® for a metaanalysis) and body heigfit Past research also poitbs
associations with hormonal profilesmales f, decreases strongly during, amdhercirculating
testosterone levels predict lowfein ment?3435(see?® for a metaanalysis). Further, the
relationship betweefa and testosterone was found to besgier in men with lower cortisol
level®, a pattern that has been associatiéd immunocompetené® Another study’ that
utilized salivary immunoglobuli#A (slgA; a marker of mucosal immunitgs a measure of
immunocompetenceeported that slgAvas negatively correlated witls. In a similar vein,
listeners assigned higher dominance ratings, butigberhealth ratings, to speakers with
higher selfreported healtff. Overall, these studies suggest, thataybe apartly honest signal
of conditiorf¥ 31, Formants are closely tied to vocal tract length and areftheriadirect, albeit
weak, correlates of body size in hum&n&4% Additionally, a recent study showed significant
correlations with other somatometric measures, such as body mass index and hip

circumferenc#. Howeve, links between formants and physical strength are equivcal



Table 1

A nonexhaustive list of studi€a = 50) on human voice perception

No Studies Rater Vocalizers Perceptions Vocal_iz_er's Na_tural Cuvilinear
(n) (n) Evaluated Condition Voices Tested

1 Schild et al., 201 95 181 Trus Trus + +

2  Collins & Missing, 20033 30 30 Att; Age Size +

3 Puts et al., 2018 1126 548 Att; Dom T.C +

4 Raine et al., 201% 150 61 Size Size +

5 Raine et al., 2018 135 61 Size Size +

6 Rendall et al., 2007 163 68 Size Size +

7 Rosenfield et al., 2019 84 4 Att; Pres; Dom MS +

8  (ebesta et al., 2017 62 93 Att Size +

9 Gebesta ®t al ., 63 40 Dom Size +

10 Simmons et al., 201 30 44 Att; Mas Semen +

11 Valentova et al., 2019 203 152 Att Size +

12 Armstrong et al., 2019 224 183 Dom; Size Size +

13 Feinberg et al., 2008 991 123 Age; Att; Fem + +

14 Babel et al., 201# 30 60 Att +

15 Gregory et al., 199% 118 60 Com Qual +

16 HodgesSimeon et al., 2018 330 111 Att; Dom +

17 Knowles et al., 20168 180 32 Cop +

18 Michalsky & Schoormann, 2017 20 20 Att; Like +

19 Pisanski & Rendall, 201% 129 89 Size; Att; Mas; Fem +

20 Pisanski et al., 201% 68 20 Size; Att; Mas; Fem +

21 Sorokowski et al., 201% 39 51 Comp; Auth +

22 Valentova et al., 201% 84 30 Att; Mas +

23 Hilletal., 2017%° 1349 471 Att Fac Sym +

24  Wolff & Puts, 20106+ 376 117 Dom Size; T; Agg +

25 Shirazi et al., 201& 128 6 Att E P

26 Reetal, 2012 19 64 Att; Mas; Fem +

27 Saxton et al., @16% 40 6 Att; Dom +

28 Apicella & Feinberg, 2009 88 10 Att

29 Borkowska & Pawlowski 2019 473 58 Att; Dom

30 Bruckertetal., 2016 64 55 Att



31 Feinberg etl., 2005°8 68 5 Att: Dom

32 Feinberg et al., 2008 26 8 Att; Dom

33 Feinberg et al., 2008 1759 6 Pref

34 Feinberg et al., 201% 83 6 Att

35 Fraccaro et al., 2013 179 8 Att: Dom

36 Hughes et al., 2012 40 40 Att

37 Jonesetal., 2010 800 12 Att: Dom

38 Klofstad et al., 2012° 382 27 Com; Size; Trus
39 Leaderbrand et al., 2008 48 4 Att

40 O'Connor et al., 2017 138 6 Att; Inv

41 Puts et al., 2008 86 111 Dom

42 Puts et al., 2007 42 30 Dom

43 Puts et al., 2017 109 4 Att; Flir

44 Puts, 20084 142 111 Att

45 Riding et al., 2006° 54 9 Att

46 Suire etal., 201% 225 58 Att

47 Tigue et al., 20152 165 15 Int; Prow; Vote
48 Vukovic etal., 201183 70 6 Att: Dom:; Trus
49 Watkins et al., 2018 50 10 Dom

50 Xuetal., 2013° 42 2 Att; Emo

Note.A list of 50 studiesthat relate tomatingrelevantperceptions ohuman voicavasobtainedvia Google Scholar searcMost
studies that investigate human voice perceptions tested only on perceptions)(msed@manipulatedvoice stimuli(n = 28), and
testedinear relationshi (n = 44). Agg = Aggressivenesaitt = AttractivenessC = Cortisol; Com = CompeteniCom Qual =
Communication QualityCop = Cooperativenes§om = Dominance; Emo = Emotig; E = Estradiol; Fac Sym = Facial Symmetry;
Flir = Flirtatiousness; Fem = Femininity;Int = Integrity; Inv = Investing;Mas = Masculinity;MS = Mating Succes$ =
ProgesteronePref = PreferencePres = PrestigeProw = ProwessT = Testosteronelrus= Trustworthiness+ = Presence



In addition to the paucity of evidence concerning information content ahale voices
there are also significant gaps in knowledge concerningrhewn vdises may influence social
perceptions. For examplegdause mstprior studies manipulated only one acoustic parameter at
a time in experimental settings, the relative importance of different parameters in feguialg
judgments haveaotbeen well characterizeBrior research also has primarily investigated linear
relatiorships (Table 1), and thus it remains largely unknown whether acoustic parameters have
curvilinear effects on perceptianshich have beepredictedn some casés Vocal stimuliin
most prior workarealsounnaturally invariant in content and motivation, with all speakers
uttering a series of vowels, counting, or speaking precisely the same, often socially irrelevant,
phrase; hencehe generalizability and externallihty of such results depend on whether the
effects they reveal persist in natural spédtinally, only a few, mostly lowpowered studies
(Table 1)have simultaneously shown that these acoustic parameters are related to both
perceptions of attractiveness and/or dominance on the one haimdimect measuresf mate
guality and formidability on the other.

Given the fundamental gaps in knowledge outlined above, we conducted a preregistered
study(preregistrationhttps://osf.io/nrmpf/?view_only=6bd6e2b189cd4f8b9cd4e079ae73b4a6
to examine (Lhowvocal paramets are utilizedn assessingominance and attractiveness, and
(2) why using those parameters for judgments could be adaptive insofar as they are associated
with indirectmeasures of mate quality and/or formidability. In contrast to most studies on
perceived vocal attractiveness and dominance, which have used standardized voice samples (i.e.
counting, vowels or standardized passages), more natural stimuli were used to augment external

validity. Importantly, we use a relatively large (N =160) and datasetwhich allows



relationdipsbetween vocal parametelmseline cortisol and testosterone levels, body
morphology and strengtio be testedh a single sample.
Hypotheses

Perceptions of Attractiveness and Dominance
Becausealeep male voicesmaydisplaysocial powet®, threat potentidl, andpredict greater
anticipated8%8and actudf-®sexual infidelitythere may be costs as well as benefits to mating
with maleswith masculine voicés. Further,some studies suggest that the link betwaeanf,
and attractiveness is weaker and rather curvilinear: Verypitshed voices are not seen as more
attractive and sometimes even less attractive agpltmied voices % In line with the context
dependent nature of costs and benefits and reports from previous litersttineefore
predictednegative linearand negative quadraticrelationshipsetween attractiveness ratings
and bothmeanf, (H1) andformant position s) (H2). Ps is a measure of formastructure,
calculatedas the average standardized formant value for thenf{tstually four)formants.

Masculine voices (i.e. lofy andPr) have been found to be preferred by females to a
greater extent in sheterm compared to loatgrm relationship contexts®® This might reflect
an adaptivetrade f f st r at egy i ncfiwegss, putativedy indicateceby s genet
masculine traits, is granted greater value in stasrh contexts, whereas his expected investment
and fidelityarevalued more in longerm context®*°. Consequently, we predicted stronger
relationship betweershortterm, compared to loAgrm, attractiveness ratings and boteanf,
(H3) andPs (H4).

It has been hypothesized thigep voiceslisplay threat potenti§lhence, we predicted
negative relationships between dominance ratings anchiexinf, (H5) andPr (H6). According

to thesourcefilter theory, fo andPs are theoretically distingt They are alsonly weakly



correlated® andseem to convey different information about a male sp&akecordingly, we
predictedf, andPs to be independent predictors of batitractivenes§H7) anddominancegH8)
ratings.

Indirect measures of mate quality and formidability

Previousstudie$**linked lowerf, to higher circulating testosterone levels, and mecemty

this relationshipvas found to be stronger in men with lower cortisol leyelsesult seemingl
consistent withthe stresdinked immunocompetence handicap hypoth#dsasf, honestly signa

a speaker 6s phne sherefamel predicted alnedativeralationship between fnean
and testosteron@i9) and predicted that this relationship woulddtenuated by high baseline
cortisol (H10).

Formants have been shown to relate moderately to body height, a phenotype that is
relevant in both intraand intersexual selective contétaVe therefore predictealnegative
relationship betweePr and body heightH11).

Exploratory Analyses

In addition to these preregistered predictions, we conducted the following exploratory analyses.
First, we examined how vocal parameters related to physical strength and body morphology.
Second, we comparadhether distinct parameters are used as cues for ratings on social
dominance (i.e. being respected) and physical dominance (i.e. fighting ability), as they describe
separate aspects of social evaludfiohhird, we explored whether jitter and shimmer influence
attractiveness and dominance percegj@s these acoustic parameters seem to provide
information on male body shaphtter and shimmer quantify cyete-cycle variation irfo and
amplitude, respectively, and influence perceptions of voice rougtfeassh, weconducted

threemediationanalysesl) a moderated mediatianodel to test whethdg mediate the



relationship between o ¢ a | testogeroadvels(condition)and dominanceatings
(perception)and whether this mediationfisthermoderated ¥ cortisol 2) a mediation model
to test whethefoandP;, medi ate the relationship between v
ratings and 3) a mediation model to test whethh@ndPs, mediate the relationship between
vV 0 ¢ a | dompesitesnteasure of sigextracted via factor analysis with varimax rotatianji
dominance rating®Ve conducted a separate mediation model for heiglaidition to its
inclusion in the factor analysiasheighthas been shown teflect good nutrition and low stress
duringdevelopment, as well as genetic predictors of immune furfétiddditionally, arecent
study?! reported thaf, mediated the relationship between height and physical dominance ratings
in two separate sampldsnally, we conductethree metaanalygsto test 1) the mediating
effect offo between height and dominance ratingsyBgthercortisol and testosteromegatively
interact to predicinalef, and3) whetherfo negatively predicts testosterone lesyedspecially
among men with lower cortisol levels

Design and methods
Participants
One hundred sixtfive heterosexual males participated in a study on testosterone reactivity and
personality state changes, which was conducted at the University of Goettingen, Germany (for
details, se€®). Each participant provided a standardized video recording, saliva samples, body
morphology measurements, and handgrip as well as lppolsr strenth. Datafrom five
individuals could not be used due to technical issues during video recording or because consent
for further use of the video material was not given, resulting in a final sample of 160 males
(mean age = 24.28D= 3.25 years)All partiapantswere at least 18 years olth a sensitivity

power analysis using G*Powéthis sample had sufficient power (> .80) to detect an effect size



of r = +/- .20, assuming ontiled alpha =.05All procedures were in accordance with relevant
guidelines and regulations, aretaved ethics approval from tHecal Ethics Committegat the
University of Goettingen and the Pennsylvania State Universifiytrhed consent was obtained
from all subjects
Voice recordings
Standardized video recordings were obtained using aftukamera and Line6 Modell XD
V75 microphones. The participanivere instructed to describe what is great about themselves,
choosing three domains such as ffrioemdlshi po o
eight domaingfor details, se&). The video clips were cut to a length of 5 s, beginning 5 s after
participants had begun to speak, and voice clips were extracted. Five seconds were chosen
because vocal parameters usually show strong correlatiooss different recordings,
independent of length and conf&if, and both attractiveness and dominance ratings are stable
and highly correlated across different recordiigsFurther the use of relatively brief voice
clips allowed us to avoid rater fatigue. The voice clips were aedlysing PRAAT softwaf@
(Version6.0.39. The measures obtained were miathe first four formant frequencieBifF2),
four measures of jitter and five measures of shimmer. Because both jittearXaB3,ps < .001)
and shimmer measures (edl> .56 ps < .001) were highly ietcorrelated, a standardized mean
was calculated for each perturbation meadSusaditionally, Ps was computedor the first four
formant$. Formants were measured at each glottal pulse using automated detection in PRAAT.
Formant measuremeatrossstandardized speeslamplegproduce highly similar result¢o
measurement of individual vowels and averaging across these measutements

It should be noted that different methods of measudongantstructureare used across

studies. Formant dispersioD{, for example, describes tdestance between the highésig.,



F4) and lowest formant&.g.,F1) measuretf. While Dt is commonly used, it has also been
criticized especially for not using information about the middle formants Fe.gndFs).

Further, althougI®s is theoretically dependent on body height, otheasures of formant
structure have shown stronger relations with body hé&ithOne of these measures is formant
position @5) whichdescribes the average standardized formant value for the fimshants
(e.g.,F1-F4) and thus utilizes information of all formants measfir&@iven these advantages of
ProverDs, Pr was chosen as the relevant measure for formant structure in thisFstadyrther
discussion, se&

Saliva samples

Based orprevious studie$1% we controlled for circadian variatonn par ti ci pant sé
reactivity by collecting saliva samples only between 2 pm and &pproximately 1215
minutes afteeachparticipantarrived atthe lab,herinsedhis mouth with water and provided at
least 2ml of saliva via passive drool through a stjast, prior tothe video recordingThe
collected samples were immediately transported to artloltraemperature freezet80 °C),
where salivaryestosteronés expected to bestable for at least 36 montfis At the end othe
data collection period (séefor detaily, saliva samples were shipped on dry ice to the Technical
University of Dresden and analyzed useaigemiluminesceneanmunocassaywith high
sensitivity (IBL International, Hamburg, Germany). The intad interassay coefficients (CVs)
for cortisolare below 8% and fdestosteronéelow 11%Basal cortisol and testosterone
outliers were identified and winsorized to 3 $8BsTo correct for skewness, we log10
transformed both variables.

Body morphology and strength measurements



As this procedure was also reported®) procedural and methodologiadéscriptions
overlap.Participantswere scanned three timesing a Vitus Smart XXL 3D body scanner,
running AnthroScasoftware (both Human Solutions GmbH, Kaiserslautern, Germany)
Participantsvore standardized tight underweandwere instructed to stand upright with legs
hip-width apart, arms extended and held slightly away from the body, making a fist with thumbs
showing forward, the head positioned in accordance with the Frankfort Horizontal, and to
breathe normally during the scanning procélssng AnthroScads aut omat i ¢ measur
(according to IS@Q0685), we extracted muscularitygievant body dimensions from thedy
scan:body volume pustchest girthputtock girth,chestto-hip ratio (CHR) forearm girthJower
limb ( A | Eerpiio-height ratio (LHR)shoulderto-hip ratio (SHR)thigh girth,upper arm
girth, waist girth,waistto-chest ratio (WCR)and waistto-hip ratio (WHR). An aggregate
indicator of upper body size was calculated by averagstgndardized shoulder width, bust
chest girth, and upper arm gitth Weight (in kg) was measured part of the first body scanning
process with the integrated SECB%scale (SECA, Hamburg, GermanBody height (in cm)
was masured twice using a stadiometer while participants stood barefoot, and the two values
were averged (CC = .996).Body-mass index (BMI) was calculated from average weight and
height measures (kg/cm2)pper body and handgrip strength were measured usiagd
dynamometer (Saehan SH5001). Each measurement was taken three times, starting with
handgrip strength, for which participants were asked to use their dominant hand (88.2% used
their right).As in 1%, upper body strength was measubgchaving participantsdid the
dynamometer in front of their chest with both hands and press both handles toward the middle as

strongly as possiblé& composite strength measure was formed by averaging the maximum



values for each of the three measures of handgrip and uppertmutis(ICCs: .81 and .64,
respectively)

Attractiveness and dominance ratings

In exchange for course credit, 120 men (mean=af@.82,SD= 2.71 years) and 120 women

(mean age = 19.9@GD= 3.80 years) participated in a rating study on steortl longterm
attractiveness as well as social and physical dominance at the Pennsylvania State UANersity.
raters were at least 18 years dkadters were equipped with Sennheiser HD 280 Profeaisio
Headphones and seatattprivate workstations. Raters provided demographic data on age,
gender, sexual orientation, and relationship status. To control for the influence of semantic
content, we also asked raters to indicate their German language boenpres i on ( AHow wel
you understandp&@entmabi?bér onsaalfe from 0 (fANot
Below, we report results with all participantsit excluding raters score 2 or highe=(26) does

not change resultfkaters were then randdyrassigned to one of four ratimxperimentseach

asking for perceptions of either shtetm attractiveness, lortgrm attractiveness, social
dominanceor physical dominance of 160 randomly assigned voice files (for specific items see
Appendix A). The voice file pool contained 320 voice samples that were fiakethe 160

former targets before and after the competitive séttifRpters always rated both files of a

target, but both recordings of the same individual were separated by at least ten other voice
samples. However, only ratings of the retings before the competition were usedhe present

study To ensure that each file was rated 15 times by each sex, a file was removed from the pool
of remaining files to be rated once this criterion was met. The only exception wasiong
attractivenss, where one male rater dropped out because of technical issues. Because

correlations between male and female ratings were higrs@ll70,ps< .001), and intraclass



correlations within each rating condition were at least satisfactoyC@> .76,ps<.001),
mean scores were calculated.

Results
For tests of directed hypothesis etaded tests were used, and for exploratory teststaied
tests were usednalyses were conducted usind’R
Perceptions of Attractiveness and Dominance
AttractivenessH1) Predictions on negative linear and negatjuadratic relationships between
attractiveness ratings and mdawere supported. We found tHahegatively linearlypredicted
both shorterm and longerm attractivenes§urthermore, we found significant negatively
quadratic (inverted t$haped) relationships betweig@mnd both shofterm(Figla)and long
term attractivenes$-iglb). Comparisons of linear and curvilinear models showed that the
relationship betweefa and shorterm attractiveness was significantly better described by the
curvilinear model f2,157= 4.38,p = .038), while there was no significant difference between
models for longterm attractivenes$-§,157= 3.76,p = .054).
H2) Predictions of negate linear and negative quadratic relationships between attractiveness
ratings andPs were only partially supporteilVe found no significant linear relationships
betweerPr and either shoiterm or longterm attractivenes$Vhile the norlinear relationship of
Pr and shorterm attractiveness was not significant (F&y, 2 significant negative quadratic
relationship betweeR; and longterm attractiveness emerged (Fig 2b).
H3) The prediction ba stronger relationship between méaand shorterm, compared to lorg
term attractiveness ratings was supported. Although both attractiveness ratings were highly
correlated (= .82,p < .001), the relationshipetweerf, and shorterm attractivenessas

significantly strongera=-2.06, p = .020) when comparing dependent correlation coefficitéhts



H4) The prediction ba stronger relationship betweBnand shorterm, compared to lortgrm
attractiveness ratings waspported; the relationship betwderand shorterm attractiveness
was significantly strongerE -2.00, p = .023) when comparing dependent correlation
coefficients.

Dominance H5) The prediction of negative relationship between dominance ratings and mean
fowas partially supported, negatively predicted physicdbminancgFig 1c), but not social
dominance ratingé-ig 1d. H6) The prediction of negative relationship between dominance
ratings andPs wassupportedPs negatively predicted perceptions of both physiE&y 0 and
social Fig 2d dominanceatings

Independent PredictorsH7) The prediction that mednandPs are independent predictaré
attractiveness ratings was partially supported. WhandPs were included in a multiple
regressionk»,1s7= 16.78,p < .001,R2=.17),f, negatively predicted shetérm attractivenes$(
=-.40,p < .001), butPs did na (b =-.08,p = .132). Similarly f, negatively predicted lonrterm
attractivenessh(=1.32,p < .001) in a multiple regressioR«1s7= 8.94,p < .001,R?2=.09),but

P: did not = .01,p = .471). Because the curvilinear relationship betweentienyg
attractiveness ané was significant, we investigated whether the linear terfaarid the
qguadratic term oPr were independent predictas§long-term attractiveness. Indeed, adding the
guadratic term oPr explained significantly more variangelong-term attractiveness ratings
(F2,157= 3.15,p = .045), with both predictors remaining significa8) The prediction that
meanf, andPs are independent predictors of dominance ratingspaetally supported. Multiple
regressions witf, andPs as predictorsKz,157= 31.73,p < .001,R?= .28) showed that both

independently predicted physical dominanze ¢€.35,p < .001 forfo; b=-.37,p < .001 forP¥).



For social dominancd-6,157= 5.12,p = .007,R?= .05),Ps was a significant predictobE -.25,p

<.001), bufio was not b =.02,p = .391).
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Fig 1.Relationships between male fundamental frequéfagyndperceptionsWe observed
negative curvilinear relationstspetweerf, and(a) shortterm attractiveness and (lohg-term
attractivenesgc) anegative linear relationshipith physical dominance ratingand (d)a non-
significant relationshipvith social dominance ratingall panels were plotted using the
iggpl ot 228 package
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Indirect Measures of Mate Quality and Formidability

Testosterone, cortisol and: Testosterone levels were not significantly relatefd (o=-.07,p
=.18). However, cortisol and testosterone interacted in predfetfbg .16,p = .024)(Fig. 3a).
While these results do not suppbi®) a negative relationship between méaand testosterone,
they supporteti10) a negative relationship between méaandtestosterone, which is
attenuated by high baseline cortisol.

Body Morphology and P A significant relationship betwed? and body height was found (
=-.13,p = .046) supportingH11).

Exploratory Analyses

Strength and Ps: Additional exploratory analyses showed significant negative relationships
betweerPr and strengthr(=-.25,p =.002). FurtherPr was significantly correlated with multiple

body morphology measureslated to volume and magEable 2).

Table 2

Means, standard deviations, and correlations of body morphology measurd¥ with

Variable M SD r 95% ClI
BMI 2398 3.83 -23° [-.37,-.08]
Body volume 79.88 14.03 -277 [-.41,-.12]
Bustchest girth 101.67 8.81 -.297 [-.43,-.14]
Buttock girth 100.18 7.25 -.26" [-.40,-.11]
Forearm girth 27.00 1.93 -28" [-.42,-.13]
Physical grength 48.40 7.99 -25° [-.39,-.09]
Thigh girth 5758 4.97 -22° [-37,-.07]
Upper body size 56.96 4.13 -317 [-.44,-.16]
Upper arngirth 30.20 2.67 -25" [-.39,-.09]
Waist girth 84.63 9.86 -24" [-.39,-.00]
Weight 78.68 13.96 -27"" [-.41,-.12]
Chestto-hip ratio (CHR) 1.02 0.05 -13 [-.28,.02]
Waistto-chest ratio (WCR) 1.212 0.07 .03 [-.13,.18]
Waistto-hip ratio (WHR) 0.84 0.05 -15 [-.30,.00]

Leg lengthto-height ratio (LHR) 0.40 0.01 .12 [-.03,.27]
Shouldefto-hip ratio (SHR) 0.39 0.02 .08 [-.08,.23]




Note.M andSDare used to represent mean and standard deviation. Values in square brackets
indicate the confidence interval for each correlattdnndicatesp < .01;** * indicatesp < .001.
Perturbation measures, vocal perception and target parameteearson correlations showed
significant negative relationshipetweernshimmerandboth social (= -.31,p < .001) and
physical dominance & -.31,p < .001). No significant relationships were found between
shimmer and shoterm ¢ =-.14,p = .076) orlong-term attractiveness € -.12,p = .122). Jitter
showed no significant relationship to any of the four ratingsgall+/-.11,ps> .16). Moreover,
the only significant relationship between perturbation measures and any of the target parameters
wasa significant negative correlation between shimmer and baseline cartisoP(,p = .006).
Multiple regressions witly, Py, jitter and shimmer as predictors and all ratings as outcomes can
be found in Tables S$4.
Mediation models In this analysisimodel 3%, cortisol level wa recodednto two categories
(median split) and their interaction term was computed by multiplying testosterone levels with
dichotomizedcortisol categoryin this model, v found thatestosteron&evels(b =-0.09;p =
0.321) cortisolcategory(b = 0.07;p = 0.367)andther interactionterm (b = 0.135; p=0.119)
did notpredictfo. Adjusting forPs (b = -0.39; p < 0.001), testosteronéb = 0.15;p = 0.023)andf,
(b =-0.34;p < 0.001)significantly predictegbhysical dominance rating§he ndirect effect of
testosterone odominance ratinggia fowas not significan(b = 0.06;p = 0.344), andno
significantindirect effectwasobservedcamongmen with lower cortiso{fb = 0.04; p= 0227), or
men withhigher cortisol levelgb = 002; p = 0832).

We ran two additional mediation models:fdandP: were entered as mediators between
height and physical dominance ratingsfo&ndPs were entered as mediators between physical

strength and dominance ratingscomposite measuid physical size was extractéwm a



factor analysigFig 4d) on the followingbody morphology measurésat significantly correlated
with P (Table 2) height,weight, body volume bustchest girthputtock girth,forearm girth,
physical strengththigh girth,upper body sizeypper arm girthandwaist girth In model 1,
andPs were entered as mediators between height and physical dominance(Fatgaigs.
Neitherfo norPr was asignificant mediatarin model 2, we found evidence tlatmediated the
relationship between physical strength condition and physical dominance (&iomgb).
Meta-analyses\We combined resultsf the present study witbrior results® in a metaanalysis
to assess the strength of the mediating etiefiton the relationship between height and
perceptions of physical dominand&e founda significantoverall mediating effect db,
independent o (Fig 4c) fo mediated about 44 the relationship between height and physical
dominance ratings.

We also conductedraetaanalysis 6the interaction ofestosteronandcortisolin
predictingfo. For thisanalysisthet-value and degre®f freedom (f) of theoverall interaction
effect were transformed into a correlafithT he ef f ect oéndcortisel t est ost er
interaction ormalef, (k=3, n=279 was significantr =0.23 p= 01, 05% CI [.2, .34 (Fig
3b). In follow-up analyss, the relationship between testosterone famehs significant in men
with low cortisol levelgFig 3c), but not in those with high cortisol levésig 3d).

Finally, Figure 5 provides lens model!! overview of the key relationsetween

perceptions, vocal cues and target parameters found in this study.
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Fig 3. Negativeinteraction betweeteststerone andortisol on nalefundamental frequencyof.
(a) A combination ohigher testosterone and lower cortismlels predict lower malgin this
study (b) A metaanalysisontheinteraction effects across studiesing a randoreffects model
yieldeda significantoveralleffed. Follow-up metaanalygs onsimple slopes ofc) lower
cortisollevelsyielded a significant negative relationskigtween testosterone afadand(d)
higher cortisol levels yielded null resulBanel b was plotted viae firsmd packagé!? and

~

metaanalyses were conducted tigh e i mepackagéPo r 0
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Factor Analysis Results
Variables Composite Size
Height 0.40
Body Volume 0.97
Bust-chest girth 0.93
Buttock girth 0.93
Forearm girth 0.87
Strength 0.41
Thigh girth 0.95
Upper body size 0.95
Upper arm girth 0.80
Waist girth 0.91
Weight 0.98

as medi

ator s

between composite size and physical dominance ratings. (c) Altlough not found to be a
significant mediator betwedreight and physical dominance ratingghe present stugyameta
analysis using a randesffects modelindicated a significanmediating effectwith f, mediating
44% of the relationship betwedreightand physical dominancBroportion mediated lowehan
0 indicates the suppression effect of a mediating varibb&ddition, the current study used

mean dominance ratings as the primary unit of analyses for calculating proportion mediated
whereas Aung et al., Study 1 (n @3 observations) and Stugyn = §586 observations) used
individual ratings(d) Usingthefi n F a ¢ t o r ¥*and potatedkfactgrs with Varimax method
usingtheii p s y ¢ h 0% e educed the set of simated measures into one dimensional

factor (n = 1), which we labellgitomposite size yia principal axis factoring analysig* p <

.001

of
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Fig 5. Lens model overview of the study results. Connections indicate significant relations (
<.05).

Discussion
We investigated the role of vocal parameters in perceptions of male attractieddeand that
fo was the strongest predictor of sh@md longterm attractiveness among the vocal parameters
measued (P, shimme, andijitter). Consistent with previous studté$€* the relationship between
fo andmale vocahttractivenesgvas both negatively linear and negativelyrvilinear,the latter
suggesting hat womeno6s mayieflee atpadeefff betweemtlee @aential genetic
or otherbenefitsversus the potential costé mating with masculine malg@sSuchcosts may
includelower investment and perhaps risk of interpersonal violence. Lowfataspreviously
been linked to sexual infidelit§88%116 andseveral lines of evidence suggest that phenotypic
masculinityd and vocal masculinity ingsticulard indicate threat potential not only to same

sex competitors but also to potential mates. For exampégies of malen-female violence



disrupted.S.wo me n 6s p r édthenaseuline eogceafddaces’, and Colombian
women with perceptions of greater local domestic violence preferred less masculine male
faces'® In another study, Filipino women who were younger and rated thesssas less
attractive tended to prefer feminized mile agai n s ugge $prefatepcesnmpt wo me
in part reflect their own perceived vulnerabfityin our dataf, was a stronger predictor of
shortterm than longerm attractiveness, once again supporting the notion of a mate choice
tradeoff in which putative indicators of genetic fithess are prioritized in stenh contexts, and
expected investment and fidelity are prioritized in loegn context¥.

Although P predicedstrength and body morphology in our studhdpredicted ratings
of attractiveness in some prior studi?, it did not predict attractivenessanotherlarge
samplé and wasunrelated to shottierm attractiveness and only weaklggativelycurvilinearly
linked to longterm attractiveness the present studyhese lines of evidenceggest thathe
information provided byormant frequenciesiay be less relevant toate quality thathat
provided byfo. By contrast shimmer negatively predicted both shand longterm
attractiveness ratings. Shimmer is utilized to assess vocal quatltgigal contexts, such that
pathological voices show higher shimmer levels than those of healthy individd&ts
however,a composite of shimmer and harmorigsoise ratio (which wer highly correlated)
showed no relationship to dominance or attractiveness perception in a receht$tadyg
divergent findings may be explained by the fact thatlatter studysed voice samples in which
male individuals read a standardized voice passage, while our study used more natural but less
standardized stimulithatmigt have been influenced more stror

State.



Importantly, aFisherian mate choice model via runavgayualselection has also been
suggested as a possible driver favoring low rhal&!?% A Fisherian modelould suggest that
female choice primarily drives and exaggerates the evolution of male traits; hence, the model
predicts that females prefer maleshithe lowest,. However, evidence from the current study
and previous studi&s®2%5(suggests general preference for lowleby women but also a
relativelystronger negative linear relationship betw&samnd dominanceerceptions by men
across studi®.

While fo predictedbothshort and longterm attractivenes#, predicted physical
dominancebut not sociadominance, in line with previous studi2&3 Pr and shimmer were
linked to both social and physical dominance ratings. A possible explanation for this pattern of
results is that social dominance is influenced less by threat potential and more by other qualities,
such as competence, communication arapeaation skills, or leadership qualities. These
attributes might benore strongly associated wilh and shimmethan withfo.

Theotheraim of this study was to explore whether attentionacal cuess adaptiveby
investigating the information conteot acoustic parameterg/e replicated aegative
relationship betweeR: and height® and found thaPs negativelypredicted strength and several
body morphology measurdden with lowerPs were taller, stronger, and had larger iesth
general Further,our mediaibn analysisndicatedthatPr, independerty of f,, mediated the
relationship betweeacomposite measui body sizeand physical dominance ratings.

Importantly, baseline cortisol and testosterone levels interacted in predicsngh that
testosteronéevelsmorestronglynegatively predicted, as cortisol levels decreased across
participantsWhen we entered the interactitetm betweenestosteronandmediansplit

cortisol levés into our exploratory moderated mediation analyses, the interaction effeame



nonsignificant likely dueto reduced statistical powef from dichotomizinga continuous
variable(cortisol). Nevertheless, theverall interactiorbetweertestosterone and cortisol
predictingmalef, was confirmed ira metaanalysis(Fig 3b). Male f, was negatively correlated
with testosterone whesortisolwas low, whereas naignificant relationship was observed
betweermalef, and testosterone when cortisads high(Fig 3c). These patterns of relationskip
may help clarify whydosedependeneffecs of androgen levelon the intensity of elaborate
male traitsaresomeimes undetectéd®, and whyf, is only weakly correlated with testosterone
whencortisolis notconsideredAcross a variety of speciegstosterone and cortisol are linked
to measures of physical condition, including disease, stress, attd dike interaction between
testosterone and cortisah particular has been tied to immune function in birdsbut the
functional and behavioral correlates of this hormonal interaction in humans are not yet@ear
and most studies are arguably underpowered. Further, a recerdmabtsis found only modest
support for an interactive relationship between testosterone and cortisol in predicting status
relevant behavior (e.gdominance & risk taking) armsliggested that this association could be
driven by publication bias and flexibility in data analy$i$* Althoughonly onepape? besides
the currentonehasreportedthe specific interaction effect of testerone and cortisol on mdje
the metaanalysis reportetleresuggestshatthe interactions robust

There is widespread agreenteii?’4%4&hat lowmalef, evolvedto exaggerate apparent
size by leveraging a predisposition to perceive low frequencies as emanating from large sound
sourcesPhylogenetic reconstruction suggests tehdtivelymalef, evolvedin the common
ancestor of the catarrhine primates after their divergence from platyrrhines approximately
43.5mya. Given the weak correspondence betwig@md body size, some have argued fhist

purely deceptive and is not an honest indicator of physical domitigfé¢& Others have



suggested thds may reliably correlate with other salient speaker characteristics such as status,
threat, and dominance, and that these dimensions may overlap with, and hence intrude onto
impressions of, s&®. Our results bettesomport with the latter possibility. Indeed, relatively

low malef, tends to be lost in primate species in which rmadde mating competition is

reduced, suggesting that there are costs associated withtlaw cause this trait to be selected
against wen compensatory benefits are absent.

Deference to males with lofyis demonstrably costly in humans in terms of social status,
mates, and reproduction, and thus attentideWwwuld seemingly be selected against did not
provide valid information laout male conditioff. However, this does not mean tlfgis cheat
proof, or that the assessmentadndition or formidability fronf, is largely accurataddonest
signals are often corrupted into conventional signals where cheating is common because the
assessment of the sigrtself is costly to the receive¥. Althoughwe did notfind supportfor
thecortisokmoderated mediation role Gfbetweertestosterone levebnd physical dominance
ratings in the present sampléhis maybe explained by reduced statistical pogdee to
dichotomized cortisol leveland reduced sample s&fer testingtwo separaténdirect effects
Indeedwe found a strongetaanalyticsupport foranoverall interactiorbetweertestosterone
and cortisoln predictingmalef,, suggesting th&t conveys underlying endocrine stati
imprecisely andlower malef, hasconsistentlybeen shown to predigerceptions of physical
dominance acrossultiple studies Likewise, a recent study reportecthatf, mediated the
relationship between developmental condition (measureldewgnt) and physical dominance
ratings in two separate samples with differigpes ofvocal stimuli Although we did not find
thatf, significantly nmediated the relationship between height and physical dominancesristing

our data, ar metaanalysis sugests that, mediates about 4% of the relationship between



height and physical dominance ratinG®llectively, our findingsupportthe hypothesighat,
while the correlation betweds and underlying qualitys imperfect fo might beutilized as one
of many cuegor assesing competitors and potential mafdsecausé communicateshe
quality of the signalesignificantly better than chant33

Shimmeralsonegntively prediced social and physicalominanceatings as well as
lower cortisol levelsThe latter findings consistent withprior evidence thagchimmeris reduced
when stress is induced experimentally or when the speaker is under high'féndionever, the
other perturbation measure, jitter, showed no such associdtidnse research should continue
to explore the relevancé jitter and shimmer to human sexual selection éde@, as they have
been shown to be associated with pathological voice qgtfdkyd body shape in m&rand
might therefore be relevant in contexts of sexual selection.

One limitationwith our study is that we testedily hypotheses associated with receiver
independent costs and did not consider recelependent costs associated with attention to
malef,. Somé*>1%*have suggested that additional mechanisms that incorporate receiver
dependent costs are required to ensure signal horestgxample, nder amatingmotive
priming conditionmale voices withow f, enhanced recognition for men with high threat
potentiat® andelicited aggressive cognitions and intent in men who pezdé¢iemselves to be
more dominant and strong&t Future studies should investigate the extent to which reeeiver
dependent and independent costs are needed in ensuring the signal hdoestyimicross
cultural contexts

Following suggestions blyakens®’, we used onsidedsignificancetestsfor
preregistered directional hypotlessThe only result influenced by this decision is the relation

betweerPr and heightwhich would be nossignificantusing atwo-sided test. Howevewe note



that metaanalytic findings® suggest a robust link betweBnand heightand the lack of a
significant relation in this particular study is likely due to a lack of statistical power. Thus, also
our conclusions remaimghly similar when twesided tests are used.
Conclusion
Vocal parameters were linked hormone levelsas wd as body morphology and
physical strength, and appear to be used for judgements relevant to intrasexual competition and
intersexual mate choic&he present studyrusprovides evidence thattural interindividual
var i at i ovocaliparametaiaidence judgements of attractiveness and dominance

because thse parametensrovide valid information about speakérs under | yi ng condi t
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