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& Pääbo, 2004; Fischer et al., 2004), phenotypic variations 
among human populations do exist (e.g., skin color, 
Jablonski & Chaplin, 2010; craniofacial metrics, Roseman, 
2004). This indicates the presence of natural and/or sexual 
selection diversifying populations against considerable 
gene f low. While studies have examined the effect of 
natural selection on human phenotypic differentiation 
(Harvati & Weaver, 2006; Relethford, 2010), the effect 
of sexual selection has rarely been investigated, partly 
because mate choice is thought to impose directional 
rather than disrupt ive select ion. However, sexual 
selection is expected to diversify populations if mating 
preferences vary between populations (i.e., the sexual 
selection hypothesis). Nojo & Ihara’s (2019) computer 
simulat ion has demonst rated that sexual select ion 
can indeed cause phenotypic diversification between 
neighboring populations in the presence of gene flow if 
individuals prefer the average phenotypic value of their 
own population or an arbitrary value that is culturally 
transmitted within population.

While theoretically coherent, the sexual selection 
hypothesis needs further scrutiny in terms of empirical 
plausibility. Specifically, whether human individuals 
have such preferences as assumed in Nojo & Ihara 
(2019) is so far unclear. Preference for the population 
average was partly shown by Sofer et al. (2017) for facial 
characteristics. They examined Israeli and Japanese 
women’s preference over a spectrum of morphed facial 
images, with Israeli- and Japanese-typical faces being the 
two ends of the spectrum. Women from both populations 
tended to judge those faces typical of their own population 
more trustworthy, although mixed-population faces were 
perceived as more attractive. In any case, the phenotypic 
difference between the Israeli and Japanese populations is 
not an ideal example to be explained by sexual selection, 
because they are geographically so distant that the 
difference seems explicable either by random drift or local 
adaptation.

This study focuses on the facial difference between 
the Okinawa and mainland populations of Japan as a 
possible example of phenotypic diversification driven 
by sexual selection. Studies have documented distinct 
features in the residents of Okinawa prefecture, located 
at the southwestern end of Japan, relative to those of 
other parts of Japan, including genetic (Omoto & Saitou, 
1997; Yamaguchi-Kabata et al., 2008; HUGO Pan-Asian 
SNP Consortium, 2009), cultural (Shibatani, 1990), and 
craniofacial  (Hanihara, 1991; Miyazato et al., 2014) 
characteristics. Apparently, there is substantial gene flow 
between the two populations: roughly two percent of the 
Okinawa population move out each year and about the 
same number of people move in from the mainland (https://
www.e-stat.go.jp/en). If sexual selection has played a 
role in phenotypically diversifying the two populations, 
it is expected that people in Okinawa and/or those in the 
mainland have the kind of mating preference as assumed 
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Sexual selection may have played a role in the 
formation and maintenance of phenotypic diversity 
among human populations. A theoretical study 
has shown that phenotypic diversification between 
neighboring populations connected by gene flow 
can occur if individuals have a mating preference for 
typical characteristics of their population (i.e., own-
group preference), or if preferences are culturally 
transmitted only between the members of the same 
population (i.e., model-dependent mate-choice 
copying). To date, however, empirical investigation 
is lacking on the presence or absence of own-
group preference and model-dependent mate-
choice copying in neighboring populations exhibiting 
phenotypic differentiation. Here we report the results 
of an experiment on preference for faces in Okinawa 
Islanders and Mainland Japanese as an example 
of such populations. It was suggested that female 
Okinawa Islanders tend to prefer male faces of their 
own population to those of Mainland Japanese, 
and male Okinawa Islanders’ evaluation of faces is 
affected more by members of their own population 
than those of the other. These findings support the 
argument that the phenotypic difference between 
Okinawa Islanders and Mainland Japanese may be 
partially explicable by sexual selection.
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Introduction
Despite the small genet ic different iat ion between 
populations in humans as compared to great apes (Enard 
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not only on the models’ group identity, but also on their 
individual characteristics, such as attractiveness. Taking 
this possibility into consideration, we examined the social 
effect of model’s ratings after controlling for variation 
in model’s individual characteristics. For that purpose, 
in Section 2, we measured sexual attractiveness and 
trustworthiness of model faces. Each participant rated 
ten model faces (anterior and lateral views) consisting 
of five OI and five MJT faces, all of whom were of the 
same sex as the participant, using the 11-point scales for 
sexual attractiveness and trustworthiness. These scores 
were incorporated as an independent variable of the 
regression equation in the analysis of mate-choice copying 
(see Statistical analysis). Each model was presented in a 
separate sheet (Figure 1).

About an hour after the end of the first section, Section 
3 took place to evaluate the social effect on participants’ 
ratings. Each participant rated the same set of targets in 
the same way as in Section 1, except that this time each 
target was presented with four model faces of the same sex 
as the participant and a fictive “average rating” (Figure 2). 
The models were introduced as the persons who had given 
the ratings from which the average rating was calculated, 
but in fact they were chosen at random from the five OI 
faces or from the five MJT faces that the participant rated 
in Section 2. The values shown as the average ratings were 
chosen randomly from 7 to 10, which were considerably 
higher than the actual average ratings given by the 
participants. Thus, regarding an increase in the score from 
Sections 1 to 3 as indicative of the social effect, we used 
the score in Section 3 subtracted by the score in Section 
1 as a measure of mate-choice copying. Of the ten targets 
made from OI faces, five were presented with OI models 
and the other five with MJT models; similarly, five of the 
targets made from MJT faces were shown with OI models 
and the other five with MJT models. OI and MJT models 
were presented in a random order.
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in Nojo & Ihara (2019). To explore this possibility, we 
ask (i) whether people from the Okinawa and mainland 
populations tend to prefer faces of their own population, 
and (ii) whether their preferences are socially more 
affected by the members of their own population than by 
those of the other population.

Methods
Subjects & stimuli
We defined people who themselves and whose parents had 
all been born in Okinawa prefecture as Okinawa Islanders 
(OI), and residents of the Tokyo area who themselves and 
whose parents had all been born in any Japanese prefecture 
other than Okinawa as Mainland Japanese in Tokyo (MJT). 
As OI participants, 60 men (18–40 years old, mean = 
20.65, SD = 5.06) and 60 women (18–40 years old, mean 
= 21.08, SD = 5.89) were recruited at Okinawa College of 
Rehabilitation and Welfare. As MJT participants, 81 men 
(18–28 years old, mean = 19.78, SD = 13.32) and 39 women 
(19–21 years old, mean = 19.41, SD = 0.56) were recruited 
at the University of Tokyo.

We also collected facial photographs of 30 OI men 
(19–35 years old, mean = 28.17, SD = 4.79), 30 OI women 
(18–40 years old, mean = 27.94, SD = 6.04), 30 MJT men 
(21–39 years old, mean = 29.14, SD = 5.64), and 30 MJT 
women (18–38 years old, mean = 26.48, SD = 6.25) with 
neutral facial expressions from anterior view and both 
sides of lateral views. From these photographs, we made 
20 “target faces” of each sex (anterior view) by averaging 
three randomly selected faces with Psychomorph software 
(Tiddeman et al., 2001). In addition, five photographs for 
each of OI men, MJT men, OI women, and MJT women 
played the role as “model faces.” To remove the effect of 
hairstyle and clothes, outside of the contour of all stimuli 
was painted in black.

Own-group preference
Our experiment consisted of three sections. Section 1 was 
to examine whether people have a preference for faces of 
their own population. Participants were handed out sheets 
of questionnaire and rated opposite-sex target faces using 
an 11-point scale from 0 to 10 (0 for least and 10 for most), 
where each target was presented on a separate sheet in 
a random order. They were asked to rate targets in three 
contexts: attractiveness as a long-term partner (e.g., for 
marriage), attractiveness as a short-term partner (e.g., for 
a single date), and trustworthiness. Participants read a 
Japanese translation of Perrett et al.’s (2002) definitions 
of long-term and short-term attractiveness. To ensure 
participants’ understanding of the three contexts, we 
gave an additional verbal instruction immediately before 
the rating and presented the sheets of questionnaire for 
the three contexts in the same order as instructed to all 
participants.

Mate-choice copying
We hypothesized that the participants’ ratings on faces 
would be altered after observing other people’s (i.e., 
models’) evaluation on the same faces and that this 
effect would be more salient when the models belonged 
to the same population as the participants. However, the 
social effect on a participant’s judgement may depend 

Figure 1. A sample sheet of questionnaire used in Section 
2 (for illustration purposes only).
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on the attractiveness of the kth tetrad of models to control 
for the variation in the attractiveness of models. 

We assumed noninformative prior and hyperprior 
dist r ibutions for bm and sm, respectively. Poster ior 
distributions of the parameters were estimated by Markov 
chain Monte Carlo (MCMC) method with three replicated 
sampling, each of which contained 10000 iterations, using 
brm package in R 3.5.0 (Bürkner, 2017, 2018). The Rhat 
of the estimated parameter was all under 1.05, suggesting 
sufficient iterations of the MCMC sampling. The last 
5000 of the 10000 iterations were used to estimate the 
posterior distributions of the parameters, and their means 
are reported below as the estimates. Statistical significance 
was evaluated on the basis of the 95% credible interval (CI) 
of the posterior distribution.

Results
Since some MJT participants were dropped before Section 
3, we included 141 men and 99 women in the analysis of 
own-group preference and 127 men and 90 women in the 
analysis of mate-choice copying.

Own-group preference
Figure 3 shows the means and standard deviations of the 
ratings in Section 1. Table 1 shows parameter estimates 
for the analysis of own-group preference. Significant main 
effect of target’s population on the women’s ratings for 
trustworthiness was found (b1 = 0.57), where OI targets 
were rated higher than MJT targets. We also found 
significant main effects of participant’s population in 
the female participants for long-term attractiveness (b2 = 
−0.76) and trustworthiness (b2 = −0.89), and in the male 
participants for long-term (b2 = −0.54) and short-term (b2 
= −0.64) attractiveness, where the negative values indicate 
lower ratings for OI than MJT participants. We observed 
significant interactions between participant’s and target’s 
populations in the female participants for long-term 
attractiveness (b3 = 0.32) and trustworthiness (b3 = 0.46), 
where the women rated targets of their own population 
higher. Results shown in Figure 3 are consistent with the 
interpretation that both OI and MJT participants prefer 
OI to MJT faces, while OI faces are preferred more by 
OI than MJT women for long-term attractiveness and 
trustworthiness. Similar results were obtained when we 
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Statistical analysis
For statistical analysis, we applied the hierarchical 
Bayesian modeling, separately for male and female 
participants and for the three contexts. In the analysis of 
own-group preference, a participant’s rating on a target 
in Section 1 was regressed on dummy variables for the 
target’s and participant’s populations and the interaction 
of the two variables. We assumed a linear model with 
a normally distributed error term and the identity link 
function. Formally, the ith participant’s rating on the 
jth target, denoted by yij, was predicted by the following 
equation:

where xTj and xPi are dummy variables coding for the 
the jth target’s and the ith participant’s populations, 
respectively (0.5 for OI and −0.5 for MJT). To consider 
within-population variation in the ratings, we incorporated 
random effects of the ith participant and the jth target, rPi 
and rTj, respectively, which were assumed to be normally 
distributed with mean zero and standard deviations s1 and 
s2.

In the analysis of mate-choice copying, a participant’s 
rating on a target in Section 1 was subtracted from that in 
Section 3, and this difference was regressed on dummy 
variables for the participant’s and model’s populations, 
their interaction, and the average attractiveness rating of 
the four models given by the participant in Section 2. Note 
that since attractiveness and trustworthiness scores given 
to a model were positively correlated in female (r = .43, N 
= 20, p < .05) and male models (r = .82, N = 20, p < .0001), 
we included only attractiveness in the following analysis, 
but it was confirmed that the results were essentially the 
same when trustworthiness instead of attractiveness was 
used. Let zijk denote the ith participant’s rating on the jth 
target when presented with the kth tetrad of models. The 
difference of the ratings between Sections 1 and 3 was 
described by the following equation:

where xMk is a dummy variable for the population of the 
kth tetrad of models (0.5 for OI and −0.5 for MJT). We 
introduced wik, the average of the ith participant’s ratings 

Figure 2. A sample sheet of questionnaire used in Section 3 (for illustration 
purposes only).
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Figure 3. Means and standard deviations of the ratings in Session 1.

Table 1. MCMC estimates of parameters for the analysis of own-group preference.
Participant’s sex Context Parameter Estimate 95% CI
Female Long-term b0 (intercept)   3.16            [2.74, 3.36]

b1 (target population)   0.51            [−0.10, 1.11]
b2 (participant population) −0.76            [−1.33, −0.18]

b3 (interaction)   0.32            [0.07, 0.57]
s1 (participant SD)   1.38            [1.19, 1.60]

s2 (target SD)   0.65            [0.46, 0.94]
Short-term b0 (intercept)   2.61            [2.18, 3.03]

b1 (target population)   0.56            [−0.02, 1.13]
b2 (participant population) −0.32            [−0.97, 0.34]

b3 (interaction) −0.02            [−0.27, 0.23]
s1 (participant SD)   1.56            [1.35, 1.81]

s2 (target SD)   0.62            [0.44, 0.90]
Trustworthiness b0 (intercept)   3.62            [3.27, 3.97]

b1 (target population)   0.57            [0.10, 1.05]
b2 (participant population) −0.89            [−1.43, −0.34]

b3 (interaction)   0.46            [0.17, 0.75]
s1 (participant SD)   1.32            [1.14, 1.54]

s2 (target SD)   0.49            [0.34, 0.72]
Male Long-term b0 (intercept)   3.58            [3.09, 4.07]

b1 (target population)   0.70            [−0.18, 1.56]
b2 (participant population) −0.54            [−1.02, −0.05]

b3 (interaction)   0.07            [−0.12, 0.26]
s1 (participant SD)   1.42            [1.25, 1.60]

s2 (target SD)   0.96            [0.68, 1.38]
Short-term b0 (intercept)   3.41            [2.88, 3.92]

b1 (target population)   0.77            [−0.14, 1.69]
b2 (participant population) −0.64            [−1.18, −0.10]

b3 (interaction) −0.07            [−0.27, 0.14]
s1 (participant SD)   1.58            [1.40, 1.78]

s2 (target SD)   0.99            [0.71, 1.43]
Trustworthiness b0 (intercept)   4.44            [4.01, 4.86]

b1 (target population)   0.49            [−0.22, 1.20]
b2 (participant population) −0.24            [−0.71, 0.22]

b3 (interaction)   0.10            [−0.12, 0.32]
s1 (participant SD)   1.38            [1.21, 1.56]

s2 (target SD)   0.79            [0.56, 1.14]
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used lateral-view along with anterior-view target faces 
(Supplementary Materials S1).

Mate-choice copying
Figure 4 shows the means and standard deviations of the 
ratings in Session 3 subtracted by the ratings in Session 1. 
In all cases, the mean increase of the rating was positive. 
This suggests that the participants’ ratings in Section 
3 were affected by the fictive “average ratings” by the 
models, which were set to be considerably higher than the 
actual ratings by the participants (see also Supplementary 
Materials S2 and S3). Table 2 shows parameter estimates 
for the analysis of mate-choice copying. Model’s population 
had a significant effect on the increase in the men’s ratings 
from Sessions 1 to 3 for short-term attractiveness (b1 = 
0.18), suggesting that the male participants were more 
affected by OI than MJT models. A significant main effect 
was also observed for participant’s population on the 
increase in the men’s ratings for long-term attractiveness 
(b2 = −0.64), where MJT men were more affected by the 
models than OI men were. Significant interactions between 
model’s and participant’s populations were found in the 
women’s judgements for short-term attractiveness (b4 = 
−0.38) and the men’s judgement for trustworthiness (b4 = 
0.34), indicating that the women’s judgements were less 
affected and the men’s judgements were more affected 
by the models from their own population than by the 
models from the other population. In no case, model’s 
attractiveness had a significant effect. When the analysis 
was repeated using model’s trustworthiness instead of 
attractiveness, the results were qualitatively the same: the 
same set of parameters had statistically significant effects 
of the same directions (data not shown).

Discussion
Our experiment aimed to examine two hypotheses: 

people have own-group preference for faces, and people’s 
preference for faces is affected more by members of their 
own population than by those of other populations. Our 
results provide partial support for both hypotheses.

Own-group preference was seen in women for long-
term attractiveness and trustworthiness. Considering that 
both long-term attractiveness and trustworthiness are 
relevant to the choice of marriage partners, the female 
preference may enhance endogamy. While Sofer et al. 
(2017) showed own-group preference for faces at the level 
of countries, we found a similar tendency at the level of 
subpopulations within a country. On the other hand, we 
did not find similar own-group preference among men. 
The sex-dependent manifestation of own-group preference 
might be understood in the light of the general principle 
that it is the female whose choosiness has a significant 
impact on fitness.

We also found that a person’s judgement on a face 
is affected differently by other people’s judgement 
depending on whether they are members of the person’s 
own population or those of other populations. Specifically, 
our results suggest that men tend to copy the judgement 
by own-group members about trustworthiness. This is 
congruent with the findings in non-human animals that 
an individual’s mate-choice decisions are affected by 
observing choices of other individuals, but less so by 
social models with a characteristic that is atypical to the 
species (Kniel et al., 2017). On the other hand, it is also 
indicated that women are more affected by out-group than 
in-group members for short-term attractiveness. This 
result is unexpected, but might be understood as a part of 
female strategy to increase genetic diversity among short-
term partners (DeBruine, 2005). Our results suggest the 
possibility that mate-choice copying work differently 
between males and females.

Combined with Nojo & Ihara’s (2019) simulation 
study, the results of the present study suggest that 

Figure 4. Means and standard deviations of the ratings in Session 3 subtracted by the ratings 
in Session 1.
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sexual selection may be partially responsible for the 
emergence and/or maintenance of the difference in facial 
morphology between Okinawa Islanders and Mainland 
Japanese. Further research with a more comprehensive 
survey on people’s preference is clearly needed to better 
understand the psychological mechanisms underlying 
the human phenotypic variations as a product of cultural 
diversification.
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