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ABSTRACT One hundred men, living in three villages
in a remote region of the Eastern Highlands of Papua New
Guinea were asked to judge the attractiveness of photo-
graphs of women who had undergone micrograft surgery
to reduce their waist-to-hip ratios (WHRs). Micrograft sur-
gery involves harvesting adipose tissue from the waist and
reshaping the buttocks to produce a low WHR and an
‘‘hourglass’’ female figure. Men consistently chose postop-
erative photographs as being more attractive than preop-

erative photographs of the same women. Some women
gained, and some lost weight, postoperatively, with result-
ant changes in body mass index (BMI). However, changes
in BMI were not related to men’s judgments of attractive-
ness. These results show that the hourglass female figure
is rated as attractive by men living in a remote, indigenous
community, and that when controlling for BMI, WHR
plays a crucial role in their attractiveness judgments. Am
J Phys Anthropol 000:000–000, 2010. VVC 2009 Wiley-Liss, Inc.

While men are somewhat larger than women in body
size, human beings show greater sexual dimorphism in
muscularity and body fat (Carter and Heath, 1990).
Women typically have a higher percentage of body fat
than men (Clarys et al., 1984). This sex difference
emerges at puberty, with increased levels of body fat
being laid down in the hips, thighs, buttocks (the glu-
teal/femoral region), and breasts (Merzenich et al., 1993;
Boot et al., 1997). The distribution of female body fat
can be measured using the waist-to-hip ratio (WHR),
which is calculated by dividing the circumference of the
waist by the circumference of the hips and buttocks. A
variety of factors may have determined the distribution
of female body fat. Natural selection, in relation to bio-
mechanical and thermoregulatory constraints, may have
favored greater deposition of fat in certain areas of body
(Cant, 1981; Pawlowski, 2001; Dixson, 2009). The evolu-
tion of upright gait and bipedalism as the principle mode
of locomotion, coupled with the fact that women must be
mobile during pregnancy, may have driven a low Center
of Body mass in women, which correlates with low WHR
(Pawlowski and Grabarczyk, 2003).
A low WHR of �0.7 has been linked to the timing of

menarche (Lassek and Gaulin, 2007), maintaining regu-
lar menstrual cycles (Van Hooff et al., 2000) and ovulatory
cycles (Moran et al., 1999). In a sample of 119 Polish
women, women with lower WHRs and larger breast vol-
umes have been shown to have higher circulating levels
of 17-b-estradiol and progesterone (Jasienska et al.,
2004), which are predictors of the probability of concep-
tion (Lipson and Ellison, 1996). In studies conducted in
fertility clinics, women with lower WHRs had higher suc-
cess rates in artificial insemination (Zaadstra et al., 1993)
and in in vitro fertilization programs (Wass et al., 1997).
Women’s WHRs increase as they age, possibly due to
reduction in estrogen production (Kirschner and Samoj-
lik, 1991). The ‘‘hourglass’’ female body constitution may
therefore signal health and reproductive status.
It has been suggested that human morphology that

conveys biological information relating to health and

fertility was important in mate selection in ancestral
environments (Barber, 1995; Symons, 1995; Thornhill
and Gangestad, 1996). Although these claims cannot be
directly tested in modern day human societies, it has
been proposed that selection has shaped human psycho-
logical faculties to attend to morphological features that
honestly signal health and reproductive status (Buss,
2003; Grammer et al., 2003).
Sexual selection via male partner preference may have

driven the evolution of low WHR in women (Singh,
2006). Men rate stimulus images with low WHRs of 0.6
as most attractive for both short- and long-term relation-
ships in North America (Dixson et al., in press) and
China (Dixson et al., 2007a). Images of women with low
WHRs of 0.6–0.7 are also attractive to men from Ger-
many (Henss, 2000), England (Furnham et al., 1997),
Poland (Rozmus-Wrzesinska and Pawlowski, 2005), and
in New Zealand, where a female WHR of 0.7 was rated
as most attractive by men when considering both short-
and long-term relationships (Dixson et al., in press).
Adaptive claims for sexual preferences for traits such

as female WHR are difficult to validate in the absence of
such cross-cultural support. However, several studies in
less industrialized cultures have questioned whether a
low female WHR of 0.7 is universally attractive to men.
For example, among the Shiwiar of the Ecuadorian
Upper Amazon, men selected images of women with a
high body weight as most attractive (Sugiyama, 2004).
However, when controlling for body weight images with
lower WHRs of 0.7 and 0.8 were selected as most attrac-
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tive (Sugiyama, 2004). Among the Matsigenka of Peru, a
WHR of 0.9 was most attractive (Yu and Shepard, 1998).
In Bakossiland, a community of subsistence farmers in
rural Southwest Cameroon, a WHR of 0.8 was most
attractive for both short- and long-term relationships
(Dixson et al., 2007b). Initial studies among the Hadza
hunter-gatherers of Tanzania found that a WHR of 0.9
was more attractive to Hadza men (Wetsman and Mar-
lowe, 1999). However, in a follow-up study using images
in profile view in which the buttocks were visible, Hadza
men preferred a WHR of 0.6 (Marlowe et al., 2005).
Therefore, the angle of the body pose may contribute to
the differing male preferences across these cultures for
female images varying in WHR.
Disconcordance in male preferences for images varying

in WHR could also be due to the use of stimulus line
drawings that confound the effects of WHR on female
body mass index (BMI) (Tovée and Cornelissen, 2001).
BMI is calculated as weight in kilograms divided by
(height in meters 3 height in meters). Women with a
BMI of 20 are more attractive to men in the UK (Tovée
et al., 1999). In a recent series of cross-cultural studies,
differences in women’s BMI were found to exert a
greater influence than WHR on male ratings of female
attractiveness in Japan (Swami et al., 2006), Malaysia
(Swami and Tovée, 2005), and Zululand in South Africa
(Tovée et al., 2006). These authors reject the WHR hy-
pothesis based on the findings in these studies. However,
there are some shortcomings in the study design that
may have affected results. For example, in these studies
men rated 50 images of women varying in BMI from 15
(emaciated) to over 30 (clinically obese). The ecological
validity of these images is questionable, as men were
asked to rate images that show women with a range of
WHRs and BMIs that may not be typical of their daily
experiences. It is, perhaps, not surprising that WHR
becomes less important, if not irrelevant, when men are
presented with images depicting emaciated and obese
women. Therefore, as in research that uses line draw-
ings, results in these studies may also have been
affected by the nature of the stimuli employed to mea-
sure female attractiveness.
WHR and BMI are positively correlated and as such it

is very difficult to test the individual contribution made
by each of these traits to men’s judgments of female
attractiveness. A recently developed procedure called
micrograft surgery provides such an opportunity, as in
this procedure adipose tissue is harvested from the waist
and used to re-shape the buttocks of female patients;
this results in reduction of female WHR without altering
BMI (Roberts et al., 2005; Singh and Randall, 2007). If
female body fat distribution and body shape have been
important in the evolution of male mate selection as a
fundamental and perhaps ancient cue to health and fe-
cundity, then postoperative images with lower WHRs
should be more attractive than preoperative images of
the same women. To test this hypothesis, 100 men from
three remote villages in the Okapa district of the high-
lands of Papua New Guinea (PNG) completed a ques-
tionnaire in which they judged the attractiveness of pho-
tographs of women before and after micrograft surgery.

METHOD

Study site and participants

PNG is the eastern half of the island of New Guinea
and has a population of 4.5 million people. The Okapa

district is located in the Eastern Highlands Province of
PNG (see Fig. 1). There are �54,000 people living in the
Okapa district. These people form five separate ethnic
groups, as defined on linguistic grounds; Fore, Auyana,
Kimi, Keagana, and Kanite. We conducted surveys
among the Kanite, which is the language spoken by peo-
ple who live north of the Wanevinti mountains. There
are �8,000 Kanite people living in the Okapa district.
We interviewed a hundred Kanite men (mean age 6 s.d
5 27.55 years 6 8.365, range 5 18–58 years) from three
small villages; Kimiagomo, Yafanagomo, and Foseya.
These villages are located in the Northern part of
Okapa, the capital of the Okapa district. Participants
completed questionnaires with the aid of one of the
researchers (KS), who is from this region of PNG and is
fluent in both English and Kanite. In this region, polygy-
nous marriages can occur. Of the 100 men interviewed,
42% were unmarried, 48% were married to one wife, and
10% had two or more wives. Kimiagomo village has a
population of 486; Yafanagomo village and Foseya village
each have 200 residents. All three villages are extremely
remote. These villages have no mains water supply, elec-
tricity, television, or land phone lines (although recently
mobile phones can be used). There is a road from the
provincial capital, Goroka to Kimiagomo village but it is
rarely used as it can only be accessed by four-wheel
drive vehicles. These villages are typical of the Highland
regions of PNG, where all the residents are subsistence
farmers who sustain their livelihood through tilling the
land. Small plots of bush are slashed for gardening and
planting coffee trees. The main income in these villages
comes from selling coffee. The villages and the surround-
ing areas do not support large animals; therefore hunt-
ing is a rare activity.

Procedure

All the men were interviewed individually, either in
their homes, at their farms, or in communal huts. Partic-
ipants completed a questionnaire containing color photo-
graphs of 10 women who had undergone cosmetic micro-
graft surgery. Preoperative and postoperative photo-
graphs of the same patient were presented on a single
page, but their positions (right or left) were randomized.

Fig. 1. A map showing where the Okapa district is located
on the Island of Papua New Guinea.
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Participants viewed each pair of images for 10 s and
selected only the image they found most attractive. To
examine possible effects of body pose on judgments of
attractiveness, the photographs of patients before and af-
ter surgery were taken using back-posed and oblique
views. Only the torso, including the waist, hips and but-
tocks, was shown in each photograph. Figure 2A shows
examples of the images used in this study.
Preoperative and postoperative measurements were

made of women’s height and weight (in order to calculate
BMI). WHRs were also measured in all subjects in a
standardized way (Singh and Randall, 2007). All subjects
were North American in origin and included five Cauca-
sians and five African Americans or Hispanic Americans
(As detailed in Table 1). Table 1 also shows the preopera-
tive and postoperative WHR and BMI measurements of
the women in this study. We selected five patients
(Group A) whose BMIs had increased after surgery and
five (Group B) who decreased in BMI after surgery. All
women had significantly lower WHRs after surgery (t 5
7.364, df 5 9, P \ 0.001), but group A had significantly
higher postoperative BMI measures than group B (t 5
3.559, df 5 4, P\ 0.05).

Statistical procedure

Wilcoxon Signed Rank tests were used to determine
whether male preferences for preoperative or postopera-
tive images were statistically significant. Mann–Whitney
U tests were conducted to test whether selections for
postoperative images were affected by increases (Group
A) or decreases (Group B) in female BMI. Spearman

Rank correlation coefficients were calculated in order to
test for possible correlations between the magnitude of
postoperative changes in female WHR and BMI and
men’s judgments of female attractiveness.

RESULTS

Figure 2B shows the number of men who selected ei-
ther the preoperative or postoperative photographs of
women. The postoperative images were chosen as signifi-
cantly more attractive (z 5 3.461, P \ .01). There was
also a significant effect of body pose on attractiveness
judgments, so that more postoperative images were
selected when images were presented in back views as
opposed to oblique views (z 5 2.497, P\ 0.01).
We compared the preferences for the five women whose

BMI increased postoperatively (Group A) to the five
women who decreased in BMI postoperatively (Group B).
Because of the significant differences between selection
rates for back and oblique-posed images, these data were
analyzed separately. A minimum U-value of 23 is required
for significance at the 5% level. However, U-values were
well below those required for significance for images in
both back (U 5 11) and oblique (U 5 11.5) views. Thus,
the changes in BMI after micrograft surgery did not affect
selection rates for postoperative images.
The degree on men’s preferences for postoperative

images was not correlated with the magnitude of postop-
erative changes in female WHR (Back view: z 5 0.664, P
5 0.507; Oblique view: z 5 0.672, P 5 0.531) or BMI
(Back view: z 5 0.945, P 5 0.344; Oblique view: z 5
1.145, P 5 0.252). To further examine possible fine-
grained differences in the attractiveness of images,
dependant upon the amount of postoperative changes in
WHR and BMI, we compared a specific pair of images.
Thus, patient 1 and patient 7 had very similar changes
in WHR (0.09 and 0.08, respectively). However, patient 1
increased in BMI by 0.33 and patient 7 decreased in
BMI by 2.54. Interestingly, men’s choices of postopera-
tive images of these women were very similar (patient 1
5 67/100 and patient 7 5 63/100). Chi-square tests
revealed that selections for these images achieved the

Fig. 2. (A) An example of a patient who has undergone
micrograft surgery. Images show the same woman preopera-
tively and postoperatively, from back and oblique view. (B)
Men’s preferences for preoperative and postoperative female
images in Papua New Guinea. Open histograms 5 preoperative
data. Black histograms 5 postoperative data. Data are the
mean number of subjects (1standard errors). ** P < 0.01.

TABLE 1. Waist-to-hip ratio (WHR) and body mass index
(BMI) measurements of micrograft patients before and after

micrograft surgery

Patient
No.

WHR BMI Patient
ethnicityPre-op Post-op Pre-op Post-op

Group A
1 0.84 0.75 21.13 21.46 Caucasian
2 0.93 0.78 22.84 23.92 Caucasian
3 0.84 0.75 25.06 25.32 Hispanic
4 0.78 0.68 26.31 26.47 Caucasian
5 0.80 0.69 26.36 26.66 African

American
Group B
6 0.74 0.70 25.18 24.05 Caucasian
7 0.76 0.68 22.53 19.99 African

American
8 0.78 0.74 23.71 21.44 Hispanic
9 0.77 0.71 25.74 23.51 Caucasian
10 0.80 0.75 21.95 20.82 African

American
Mean 0.80 0.72 24.80 23.36
SEM 0.01 0.01 0.60 0.748

All patients have lower postoperative WHRs. Group A have higher
postoperative BMI whereas in Group B, BMI decreased slightly.
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same degree of statistical significance (patient 1: v2 5
5.78, P 5\ 0.05; patient 7: v2 5 3.38, P 5\ 0.05).
It is possible that the ethnicity of the subjects in the

photographs might have influenced male selections. Five
women were Caucasian and five were of African Ameri-
can or Hispanic descent. We compared men’s selections
of postoperative images of the five Caucasian women to
their choices of the five women of African American or
Hispanic descent. A minimum U-value of 23 would be
required for significance at the 5% level. However, U-val-
ues were well below those required for significance, for
images in both back (U 5 8.5) and oblique (U 5 8.5)
views. Therefore, differences in ethnicity between the
subjects in the photographs are unlikely to account for
selection rates for postoperative images.

DISCUSSION

The current study tested whether body shape (WHR)
affected male preferences for female physique when BMI
was controlled for. Men from the highlands of PNG
expressed a clear preference for a curvaceous hourglass-
shaped female physique with low a WHR, irrespective of
changes in BMI. Although these data do not provide de-
finitive evidence, they are consistent with Singh’s (1993)
theory that male preferences for low female WHRs has
evolved as an important ‘‘first pass filter’’ used in mate
selection.
The role of WHR and BMI in determining female

physical attractiveness has been heavily debated since
Singh’s (1993) publication. A large number of studies
using line drawings have shown that a low WHR (0.7) is
most attractive to men (For review see Singh, 2006).
However, these studies have been criticized for present-
ing participants with unrealistic images and for con-
founding the effects of WHR and BMI, as the two traits
are positively correlated (Tovée and Cornelissen, 2001).
A series of cross-cultural studies has been conducted

in which photographs of women varying in BMI and
WHR were rated for attractiveness (Swami and Tovée,
2005; Swami et al., 2006; Tovée et al., 2006). These stud-
ies have thrown the validity of the WHR hypothesis into
contention, as the results were interpreted as showing
that BMI is a greater predictor of female attractiveness
than WHR. Tovée et al. (2006) have suggested that
human mate preferences may be contextually specific to
a given environment, with preferences for BMI changing
when men move to new ecological settings. This was pos-
ited to be the case for Zulu men in South Africa who
stated a greater preference for women with high BMIs
(over 30), whereas Zulu men living in the U.K. had very
similar preferences to British Caucasians for women
with BMIs in the range 20–22 (Tovée et al., 2006). These
authors propose that human sexual preferences are plas-
tic, that low WHR is not a trait that is universally pre-
ferred, and that male preferences for female BMI will
account for cross-cultural variation due to context-spe-
cific psychological adaptations.
The data in the current study were collected in three

small villages in the Highlands of PNG. This region
existed in relative isolation until the 1950s, when doc-
tors, anthropologists, and Australian government offi-
cials began establishing contact with local people
(Anderson, 2008). The Okapa district has remained iso-
lated from modern cultural influences such as the Inter-
net, television, advertising, and Hollywood films. Indeed,
the area remains extremely challenging to contact, as

one researcher recounts ‘‘Poor (to appalling and impassa-
ble in the wet season) road conditions hampered work.
The roads have significantly deteriorated in recent years.
It takes 36 h to cover 40 km in the wet season with
heavy vehicle rescue equipment and a six-man team’’
(Collinge, 2008). It is important for researchers studying
human mate choice and physical attractiveness to
include the responses of people from more remote and
culturally isolated communities like the Okapa district
in PNG. A significantly larger proportion of men in the
current study selected postoperative images with a lower
WHR as most attractive, irrespective of body pose or
postoperative changes in BMI. This questionnaire has
recently been applied in several less remote and isolated
cultures, with similar results reported from Cameroon,
Indonesia, Samoa, and New Zealand (Singh et al., in
press). Therefore, across a diverse range of cultures,
which vary in socioeconomic status and exposure to
Western media, it appears that WHR is a trait that
defines female attractiveness when controlling for BMI.
Why do these data differ from those presented in other

studies of female attractiveness that have found that BMI
accounts for greater variance in male attractiveness rat-
ings (e.g., Tovée et al., 1999, 2006)? It may be that BMI
accounts for greater variance in these studies because of
the extreme range of BMIs presented, ranging from under
15 (emaciated) to over 30 (clinically obese), while WHRs
ranged from 0.68 to 0.98. In the current study, photo-
graphs of women fell within a narrower range of BMI,
from 19.99 to 26.66, and a comparable range of WHRs
(0.69–0.93). Thus, while the wider range of female BMI
and WHR that Tovée et al. (1999) employed were not used
in the current study, the consistent finding that postoper-
ative images with low WHRs were preferred irrespective
of changes in postoperative BMI, suggests that WHR is
an important trait in male judgments of female attrac-
tiveness. The advantage in this study was the simplicity
of the design. In many studies, Likert scales for rating
attractiveness are used and confusion may arise between
different cultures as to how to rate images. This is partic-
ularly the case in cultures where levels of literacy are low.
In this study, men were asked to select one image from a
pair of images. For an anthropologist who tries to collect
data and replicate studies under field conditions, methods
that may appear overly simple can have many practical
advantages.
In the first study testing the role of BMI and WHR in

male judgments of female attractiveness using images of
women who had undergone micrograft surgery, Singh
and Randall (2007) found that men and women from
U.S.A rated postoperative images as more attractive
regardless of changes in BMI. However, Cornelissen et
al. (2009) have criticized the use of these stimuli because
they show only the torso and in order to visually process
BMI one must have the full body in view. In response to
this critique we suggest that although the full body is
not in view, the effects of BMI are controlled for as men
viewed pairs of images in which the height of the torso
is identical. If a curvy physique with a low WHR were
not attractive to men, they would have selected the pre-
operative images more frequently. It is clear from this
study that men prefer images of women with lower
WHRs and, while BMI is still an important cue in mate
selection, it does not outweigh the importance of the low
WHR in male preferences for female physique.
As ancestral human beings left Africa, migrated across

Asia and Europe and eventually expanded into the far-
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thest regions of the planet, genetic and phenotypic diver-
sity was lost due to genetic bottlenecks (Manica et al.,
2007). Thus, small founder populations successfully
negotiated reproduction in times of heavy nutritional
scarcity and it is clear that human sexual preferences
can adapt to very different conditions. In Finland, for
example, healthy young women have WHRs ranging
from 0.67 to 0.80 (Marti et al., 1991). However, women
from subsistence farming and hunter-gatherer societies
tend to have higher WHRs. For example, among the
Hadza hunter-gatherers young women with normal body
weight have WHRs of 0.79 and young Amazonian Shi-
wiar women, who are foragers and farmers, have WHRs
of 0.86 (Cashdan, 2008). Higher WHRs may have been
selected for in these populations because these women,
as providers of food to their children, are under pressure
to compete for limited food resources. Women with
higher levels of testosterone tend to have higher WHRs
(Van Anders and Hampson, 2005) and are more verbally
and physically competitive than women with lower tes-
tosterone (Dabbs and Hargrove, 1997; Cashdan, 2003).
Thus, in hunter-gatherer and subsistence farming com-
munities, selection may have favored women who must
provide for their offspring through competition for lim-
ited food resources and, as a by-product of their behav-
ioral ecology, these women have higher WHRs (Cashdan,
2008). Interestingly, however, both Hadza and Shiwiar
men select images with low WHRs (0.6–0.8) as most
attractive (Sugiyama, 2004; Marlowe et al., 2005).
Fat reserves in the gluteal/femoral region become

mobilized during pregnancy. During the early phases of
pregnancy, women in well nourished societies can gain
up to 3.5 kg of fat (Adair and Bisgrove, 1991), which is
stored in the hips and thighs (Rebuffe-Scrive, 1987). Low
WHR in women, prior to pregnancy, is a significant pre-
dictor of child neonatal weight, which can have major
effects on the survival of the baby (Pawlowski and Dun-
bar, 2005). BMI in women is only significant in predict-
ing a child’s birth-weight if the mother weighs less than
54 kg (Pawlowski and Dunbar, 2005). Lassek and Gaulin
(2006) showed in a sample of American women that,
although repeated pregnancies resulted in body fat and
weight gain, hip and thigh circumference decreased with
parity. This phenomenon is termed maternal depletion.
Among subsistence farmers and hunters, such as the
highlanders of PNG, where food is scarce and subsist-
ence farming is a grueling activity, maternal depletion
can be quite severe (Harrison et al., 1975; Tracer, 1991;
Garner et al., 1994). In the current study, after control-
ling for the effects of BMI, men selected photographs of
women with low WHRs significantly more frequently
than images of the same women with higher WHRs.
Therefore, while having a healthy BMI is important for
offspring survival, particularly in an ecological setting of
low nutritional resources, this does not overshadow male
preferences for women with low WHRs in the remote
highlands of PNG.
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