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Abstract
The Environmental Security Hypothesis (ESH) proposes that an individual’s mate preferences should shift depending on how
secure they perceive their surroundings to be. Here, we extend previous work by leading participants to believe they would be
required to handle either a snake (threat condition) or tame rabbit (control condition) and measuring various aspects of mate
selection. People in the threat condition reported a greater preference for bodies with a higher proportion of muscle versus fat.
Women in the threat condition, but not men, reported a greater preference for more masculine-shaped faces and lower selfperceived mate value. Men in the threat condition, but not women, reported a significantly lower preference for Status-Resources
and Warmth-Trustworthiness partner traits, and lower self-perceived social status. Finally, although we did not fully replicate
previous findings with respect to short-term mating interest in women, men in the threat condition reported both a more favorable
attitude towards short-term mating and a less favorable attitude towards long-term mating. Results are interpreted in line with a
context-flexible view of psychological adaptations influencing human mate selection processes.
Keywords Environmental Security Hypothesis . Fear . Threat . Snake . Mate preference . Mate value

Introduction
Early mate selection relies heavily on physical attractiveness
(e.g., Walster et al. 1966), with men and women prioritizing
different traits. For example, men prefer a low (i.e., feminine)
female waist-to-hip ratio (WHR), whereas women prefer a low
(i.e., masculine) male waist-to-shoulder ratio (WSR; Braun and
Bryan 2006). Recently, Brierley et al. (2016) asked participants
to digitally manipulate body images along pre-defined dimensions of fat and muscle to maximize perceived health and attractiveness. For female bodies, the fat level of attractive images was significantly lower than the fat level of perceptually
healthy images, with no significant difference in muscle level.
For men, however, attractive and perceptually healthy images
were comparable with respect to fat and muscle. In addition to
the obvious survival benefits that muscle provides (e.g., lifting,
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fighting, hunting), the greater energy intake requirement necessary for the development of muscle mass (Lassek and Gaulin
2009) is likely an indicator of survivability because it suggests
that the male can afford to generate this costly trait. Similarly,
the origin of a preference for low-to-moderate female body fat
likely stems from an optimum fertility trade-off, whereby body
fat is important for female fertility and to sustain the health of
both the mother and her child during pregnancy and breastfeeding (Kirchengast 2010; see also discussion by Swami and
Tovée 2013), but can have significant negative effects on a
woman’s long-term health (Manson et al. 1995) and fertility
(Frisch 1988; Lake et al. 1997) in excess. Likewise, a lower
female WHR has been found to be consistently associated with
an increase in fertility (e.g., Jasienska et al. 2004; Kirchengast
and Huber 2004; Wass et al. 1997). For example, a decrease of
.1 in WHR increases the probability of conception from donor
insemination by approximately 30% (Zaadstra et al. 1993).
There is cross-cultural agreement with respect to what facial
features are considered attractive, with preferences for facial symmetry, healthy coloration, and the masculinity/femininity of a
potential mate being commonplace (reviewed in Mogilski and
Welling 2017). Higher facial symmetry is theorized to be a cue of
developmental stability and pathogen resistance (Jones et al.
2001; Rhodes et al. 2007). A healthy facial skin coloration and
complexion is also considered attractive independent of shape
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cues (Jones et al. 2004), likely because uneven skin tone is a
marker of aging and exposure to environmental stressors (e.g.,
disease; Matts and Fink 2010; Samson et al. 2011). In fact, faces
with more homogenous skin color are perceived as younger,
more attractive, and healthier than faces with less homogeneous
color (Fink et al. 2006, 2012). Correspondingly, skin blood perfusion (i.e., red skin coloration) signals cardiovascular health and
superior blood oxygenation, as well as, for women, higher levels
of circulating estrogen (Charkoudian et al. 1999; Thornton
2002), whereas decreased skin blood perfusion has been linked
to poor health (e.g., Muhe et al. 1999, 2000). Indeed, participants
will actively increase skin redness when asked to increase a facial
photograph’s apparent health using color manipulation software
(Stephen et al. 2009a, 2009b). Together, this research suggests
that these traits are preferred inasmuch as they indicate qualities
(e.g., developmental resilience) desirable in a potential mate.
Similarly, sexually dimorphic (i.e., masculine/feminine)
cues are associated with health and longevity (e.g., Thornhill
and Gangestad 2006). Femininity in female faces is consistently considered attractive, likely because it signals fertility as
well as health (Johnston 2000; Law Smith et al. 2006).
However, women’s preferences for male masculinity are less
clear, with some studies finding a general preference for male
masculinity (Johnston et al. 2001) and others reporting a preference for relatively feminine male faces (e.g., Mogilski and
Welling 2017; Penton-Voak et al. 1999; Welling et al. 2007).
Although masculinity is thought to be a marker for genetic
benefits such as immunocompetence (e.g., DeBruine et al.
2010, 2011), male masculinity is also associated with traits
that are not desirable in a potential long-term partner, such
as infidelity, dishonesty, and poorer parental investment
(e.g., Perrett et al. 1998). Thus, women’s preferences for masculine cues may reflect how they resolve the costs versus
benefits of choosing a relatively masculine partner. Women
do prefer masculinity more in short-term (i.e., purely sexual)
mating contexts (e.g., Little et al. 2002; Mogilski and Welling
2017) and when their sexual motivation is high (e.g., Welling
et al. 2008), suggesting that women prioritize cues to genetic
fitness when conception is more likely. Moreover, women’s
preferences for male facial masculinity positively correlate
with health indices (DeBruine et al. 2010, 2011) and pathogen
concern (Jones et al. 2013a), suggesting that pathogen threat is
related to preferences for signs of immunocompetence.
Yet, human mate preferences may be partially contingent
on environmental cues (reviewed in Reeve et al. 2016).
Certainly, a trait or quality in a mate that provides an adaptive
advantage in one set of circumstances may not provide the
same advantage under a different set of circumstances.
Therefore, mate preferences should be semi-flexible in reaction to environmental cues. This idea forms the basis of the
Environmental Security Hypothesis (ESH; Pettijohn II and
Tesser 1999), which contends that mate preferences should
shift depending on how secure or insecure someone perceives

their surroundings to be. The ESH suggests that when individuals experience environmental threat, a greater attraction to
traits associated with survival and resilience (e.g., maturity)
over traits that are more directly related to reproduction (e.g.,
youth) are more adaptive (Pettijohn et al. 2009). Support for
the ESH has been demonstrated experimentally (Nelson and
Morrison 2005; Pettijohn et al. 2009; Pettijohn and Tesser
2005), via patterns of mate preference over time (e.g.,
Pettijohn II et al. 2014; Pettijohn and Jungeberg 2004;
Pettijohn II and Tesser 1999; although see Pettijohn II and
Tesser 2003), and as a function of current environment (e.g.,
Perrett et al. 1998; Penton-Voak et al. 2004).
Recently, Reeve et al. (2016) led participants to believe that
they would be required to handle a poisonous snake, or gave
no information about any such risky activity (i.e., threat condition versus control), and instructed participants to then select
the most attractive of a matrix of body and face types that
varied in sexually dimorphic traits (i.e., 2D face shape, facial
coloration, and body fat and waist-to-hip ratio [female stimuli], or muscle mass and waist-to-chest ratio [male stimuli]).
Compared to controls, men in the threat condition showed a
preference for figures with higher body fat, whereas women
showed a preference for higher muscle mass, more masculine
faces, and reported more positive attitudes towards short-term
mating. However, this study contained several limitations;
first, body stimuli only varied across two dimensions and by
different qualities (WHR and fat for female stimuli, WSR and
muscle for male stimuli) and, consequentially, varied by overall body volume (i.e., increasing the WHR/WSR necessarily
increased the overall volume of the figure). Second, the threat/
snake condition was compared to a group for whom this cue
was simply absent rather than a more comparable control
(e.g., a non-threatening animal). Finally, the study only included measures of face preference, body preference, and
sociosexuality, neglecting to measure other potentially meaningful constructs involved in the mate selection process, such
as self-perceived mate value.
The present study aims to expand upon this work using
more comprehensive body and face stimuli, and including
additional measures relevant to mate selection (i.e., selfperceived mate value, sexual strategy, and trait preferences).
Here, we apply a body composition manipulation from higher
fat to higher muscle proportion, and, simultaneously, vary
stimuli from an overall feminine/gynoid shape (high WSR,
low WHR) to masculine/android shape (low WSR, high
WHR). This allows both to vary systematically in tandem
while also allowing figure volume to be controlled.
Subsequently, body volume (i.e., body size) can be incorporated, measured, and analyzed as a third dimension. The present study additionally used facial stimuli varying on three
dimensions of facial attributes: masculinity, symmetry, and
health coloration (see Mogilski and Welling 2017). Also, given the salience of snakes as fear-inducing stimuli (e.g., Isbell
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2006; Öhman and Mineka 2001), the current study used a real
(although not poisonous) snake as opposed to a fake snake (as
in Reeve et al. 2016), and used a non-threatening tame rabbit
for a control condition. Finally, this study makes use of
Conjoint Analysis (CA), a multivariate analysis typically used
to evaluate which attributes of a product are prioritized during
consumer purchasing decisions (e.g., Gustafsson et al. 2007;
Lohrke et al. 2010). However, this technique has recently been
adapted for use in human mating research (Mogilski et al.
2014; Mogilski and Welling 2017). This method requires participants to assess complex body stimuli holistically and thereby forces them to prioritize attribute(s) that they find relatively
more desirable in a potential mate.

Method
Participants
Ninety-four men and 191 women with heterosexual mating
interests (94.4% exclusively heterosexual, 3.9% bisexual but
prefer opposite sex, and 1.8% bisexual with no preference)
were recruited from a Midwestern US university in exchange
for course credit. Participants were between the ages of 18 and
40 (M = 20.57 years, SD = 3.03) and were mostly Caucasian
(73.7%; 11.2% African-American, 3.5% Hispanic/Latino,
1.1% East Asian, 8% Southeast Asian, 4.9% Arabic, and
2.8% Bother^). Those who reported having an allergy or phobia of any animal were excluded.

Stimuli
The body stimuli were developed using 3D graphical modeling software (DAZ 3D Studio 4.7). Each image was cropped
at the neck and depicted wearing underwear. The images rotated 360 degrees in 6 s loops and varied systematically in four
increments (i.e., a 4 × 4 × 4 matrix) across three dimensions:
(1) total body volume from low volume to relatively high
volume, (2) perceivable ratio between fat and muscle mass
from majority fat to majority muscle (i.e., body composition),
and gynoid to android shape (characterized by a perceptible
shift from a low/feminine waist-to-hip ratio and high waist-toshoulder ratio to a high waist-to-hip ratio and low/masculine
waist-to-shoulder ratio; i.e., body shape).
Face stimuli were those used by Mogilski and Welling
(2017). These authors systematically manipulated the facial
photographs of three White men and three White women of
similar ages (range = 18–20 years) drawn at random from a
larger collection of facial photographs. These photographs
served as base images for an orthogonal array of 11 photograph variations (see Mogilski and Welling 2017) to which
they applied composite-based digital transformations altering
three distinct facial characteristics: (1) sexual dimorphism

(i.e., feminine, original, masculine), (2) symmetry (i.e., symmetrical, original, asymmetrical), and (3) color cues to health
(i.e., healthy, original, unhealthy). Images were manipulated
using the face morphing software PsychoMorph. See supplementary materials for elaboration on body and facial stimuli
development and for information on body stimuli validation.

Measures
Manipulation Check
To check the manipulation, we measured self-reported fear
using the Fear subscale of the Positive and Negative Affect
Schedule (PANAS-X; 6-items; Watson and Clark 1999;
Cronbach’s α = .87), intermixed with the Ten Item
Personality Inventory items (TIPI; Gosling et al. 2003) to
conceal the focus on fear. The 5-point Likert scale from the
PANAS-X was applied to both measures (e.g., anchors: 0 =
Very slightly or not at all, 4 = Extremely), but TIPI items were
not included in analyses.
Mate Preferences
Face and body preferences were measured using a form of CA
with a fractional-factorial design (Hair et al. 1995). In this form
of CA, a representative subset of the possible combinations of
products with different levels of each attribute is systematically
produced from the full array of all possible attribute combinations to reduce the workload for participants. The analysis produces importance values, which estimate the relative importance of each attribute to the overall ranking of the combined
product, and part-worth utility estimates, which provide an estimate of the relative importance of each level within an attribute (see Mogilski et al. 2014, for further elaboration on this
technique). In CA, the utility estimates and importance values
are computed from the rankings of the fractional-factorial array
and then the validity of this reduced array is tested by predicting
the known rankings of additional Bholdout^ images. If successful, the reduced array is considered a reliable representation of
the full array. To measure body preferences, we first reduced the
theoretical 64 (i.e., 4 × 4 × 4) stimuli to an orthogonal
fractional-factorial array of 16 stimuli and 3 holdout stimuli,
yielding 19 body images of each sex that varied in body volume, composition, and shape (i.e., each image possessed a
unique combination of the three traits; see Table 1 for a full
index of body types used in this study; see Fig. 1 for example
images). Participants were asked to rank this set of 19
computer-generated opposite-sex rotating body images from
most to least attractive.
To measure face preferences, we used an orthogonal array
of opposite-sex facial stimuli. As above, an orthogonal array
(see Table 2, reproduced from Mogilski and Welling 2017) of
image variants was generated, resulting in 11 unique images
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Table 1 Orthogonal array of
body transformations and the
respective image variations to
which they were applied for
female (top rows) and male
(bottom rows) body stimuli. See
supplementary materials for each
attribute’s incremental baseline
reference

Image

Body volume

Body composition
(fat/muscle ratio)

Body shape (WHR, WSR)

1

100% (level 1)
125% (level 1)

.50:.50 (level 3)
.25:.75 (level 3)

WHR = .70, WSR = .80 (level 2)
WHR = .80, WSR = .70 (level 2)

2

100% (level 1)
125% (level 1)

.25:.75 (level 4)
.00:.1.00 (level 4)

WHR = .75, WSR = .75 (level 3)
WHR = .85, WSR = .65 (level 3)

3

175% (level 4)

.50:.50 (level 3)

WHR = .65, WSR = .85 (level 1)

4

200% (level 4)
125% (level 2)

.25:.75 (level 3)
.25:.75 (level 4)

WHR = .75, WSR = .75 (level 1)
WHR = .65, WSR = .85 (level 1)

5

150% (level 2)
125% (level 2)

.00:.1.00 (level 4)
.75:.25 (level 2)

WHR = .75, WSR = .75 (level 1)
WHR = .70, WSR = .80 (level 2)

150% (level 2)

.50:.50 (level 2)

WHR = .80, WSR = .70 (level 2)

6

100% (level 1)

1.00:.00 (level 1)

WHR = .65, WSR = .85 (level 1)

7

125% (level 1)
150% (level 3)

.75:.25 (level 1)
.75:.25 (level 2)

WHR = .75, WSR = .75 (level 1)
WHR = .65, WSR = .85 (level 1)

175% (level 3)
100% (level 1)
125% (level 1)

.50:.50 (level 2)
.75:.25 (level 2)
.50:.50 (level 2)

WHR = .75, WSR = .75 (level 1)
WHR = .80, WSR = .70 (level 4)
WHR = .90, WSR = .60 (level 4)

175% (level 4)
200% (level 4)
150% (level 3)
175% (level 3)
125% (level 2)

1.00:.00 (level 1)
.75:.25 (level 1)
1.00:.00 (level 1)
.75:.25 (level 1)
.50:.50 (level 3)

WHR = .70, WSR = .80 (level 2)
WHR = .80, WSR = .70 (level 2)
WHR = .80, WSR = .70 (level 4)
WHR = .90, WSR = .60 (level 4)
WHR = .80, WSR = .70 (level 4)

150% (level 2)
150% (level 3)
175% (level 3)
150% (level 3)
175% (level 3)

.25:.75 (level 3)
.50:.50 (level 3)
.25:.75 (level 3)
.25:.75 (level 4)
.00:.1.00 (level 4)

WHR = .90, WSR = .60 (level 4)
WHR = .75, WSR = .75 (level 3)
WHR = .85, WSR = .65 (level 3)
WHR = .70, WSR = .80 (level 2)
WHR = .80, WSR = .70 (level 2)

14

125% (level 2)
150% (level 2)

1.00:.00 (level 1)
.75:.25 (level 1)

WHR = .75, WSR = .75 (level 3)
WHR = .85, WSR = .65 (level 3)

15

175% (level 4)

.25:.75 (level 4)

WHR = .80, WSR = .70 (level 4)

200% (level 4)
175% (level 4)
200% (level 4)
150% (level 3)
175% (level 3)
125% (level 2)
150% (level 2)
100% (level 1)
125% (level 1)

.00:.1.00 (level 4)
.75:.25 (level 2)
.50:.50 (level 2)
1.00:.00 (level 1)
.75:.25 (level 1)
1.00:.00 (level 1)
.75:.25 (level 1)
.50:.50 (level 3)
.25:.75 (level 3)

WHR = .90, WSR = .60 (level 4)
WHR = .75, WSR = .75 (level 3)
WHR = .85, WSR = .65 (level 3)
WHR = .75, WSR = .75 (level 3)
WHR = .85, WSR = .65 (level 3)
WHR = .65, WSR = .85 (level 1)
WHR = .75, WSR = .75 (level 1)
WHR = .75, WSR = .75 (level 3)
WHR = .85, WSR = .65 (level 3)

8
9
10
11
12
13

16
17 (holdout)
18 (holdout)
19 (holdout)

(9 stimuli and 2 holdout stimuli; see Fig. 2 for example images) varying in symmetry, sexual dimorphism, and color cues
to health. Participants were randomly presented with one of
three opposite-sex identities and were asked to rank order each
version of the presented identity from most to least attractive.
Body and face images were presented in a random order within each task. We also measured ideal mate preference using
the Partner Ideal Scale (PIS; Fletcher et al. 1999), which
incorporates three subscales: (1) Partner Warmth-

Trustworthiness (7-items; e.g., understanding; α = .93), (2)
Partner Vitality-Attractiveness (6-items; e.g., adventurous;
α = .89), and (3) Partner Status-Resources (7-items; e.g., financially secure; α = .82).
Self-Perceived Mate Value and Social Status
Because self-perceived mate value interacts with mate preferences (e.g., Edlund and Sagarin 2010; Little et al. 2007; Reeve
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Fig. 1 Examples of female (top)
and male (bottom) body stimuli,
which vary across three
dimensions by four possible
levels. Version A has volume
level 1, composition level 1, and
shape level 1 (see Table 1, image
6). Version B has volume level 3,
composition level 4, and shape
level 2 (see Table 1, image 13).
Version C has volume level 2,
composition level 3, and shape
level 4 (see Table 1, image 11).
Version D has volume level 4,
composition level 1, and shape
level 2 (see Table 1, image 9).
There were 19 variations of these
variables in the full orthogonal
array (see Table 1)

et al. 2017) and is related to access to mates and a short-term
mating orientation (Buss and Schmitt 1993; Gangestad and
Simpson 2000), the present study measured self-perceived
mate value using the Mate Value Scale (MVS; 4 items;
Edlund and Sagarin 2014; e.g., BOverall, how would you rate
your level of desirability as a partner on the following scale?^;
α = .86). Participants responded to items using a 7-point
Likert scale (anchors: 1 = extremely undesirable, 7 = extremely desirable). Similarly, self-perceived social status is related
to access to mates and a short-term mating orientation (e.g.,
Betzig 1992; Kenrick et al. 2010; Turke and Betzig 1985), and
Table 2 Orthogonal array of
facial transformations and the
respective image variations to
which they were applied,
reproduced with permission from
Welling and Mogilski (2017)

so was measured using the Sociometric Status Scale (5-items;
e.g., BI have a high level of respect in others’ eyes^; Anderson
et al. 2012; α = .71; anchors: 1 = strongly disagree, 7 = strongly agree).
Sociosexual Orientation Measures
Given the well documented interaction between sociosexuality,
mate preference (e.g., Buss and Schmitt 1993; Simpson and
Gangestad 1991), and preference for face/body attributes
(Provost et al. 2006; Reeve et al. 2016), the present study

Image

Sexual dimorphism

Symmetry

Health

1
2
3

Masculine
Neutral
Feminine

High symmetry
Low symmetry
Natural symmetry

High coloration
Neutral coloration
Low coloration

4
5
6
7
8
9
10 (holdout)
11 (holdout)

Masculine
Masculine
Neutral
Neutral
Feminine
Feminine
Feminine
Feminine

Low symmetry
Natural symmetry
Natural symmetry
High symmetry
High symmetry
Low symmetry
Low symmetry
High symmetry

Low coloration
Neutral coloration
High coloration
Low coloration
Neutral coloration
High coloration
Low coloration
Low coloration
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a

b

c

a

b

c

Fig. 2 Example of unaltered male (left, top) and female (left, bottom)
photographs, followed by three masked image variations to which one or
more of the three composite-based facial transformations were applied
according to an orthogonal array. Version A is masculine, symmetrical,
and high health coloration (see Table 2, image 1). Version B is original

dimorphism, asymmetrical, and original coloration (see Table 2, image 6).
Version C is feminine, original symmetry, and low health coloration (see
Table 2, image 9). There were 11 variations of these variables in the full
orthogonal array

obtained a measure of sexual strategy. Two attitudinal aspects
of sociosexual orientation were measured using the Multidimensional Model of Sociosexual Orientation questionnaire
(MMSO; Jackson and Kirkpatrick 2007): (1) Short-Term
Mating Orientation (STMO; 10 items, e.g., BI can easily imagine myself being comfortable and enjoying ‘casual’ sex with
different partners^; α = .95) and (2) Long-term mating orientation (LTMO; seven items, e.g., BI am interested in maintaining
a long-term relationship with someone special^; α = .82).
These items use a 7-point Likert scale (anchors: 1 = strongly
disagree, 7 = strongly agree).

and body ranking tasks, and the remaining psychometric inventories in a random order. Lastly, participants were verbally
screened for suspicion using a funneling approach (i.e., BWhat
is your understanding of the purpose of the study?^ followed
by BDid anything seem unusual or suspicious about the
study?^; see, e.g., Bargh and Chartrand 2000; Ruys and
Stapel 2008), but no participants reported suspicion nor
guessed the true purpose of the study. Participants were then
fully debriefed. All tasks took 1 h to complete.

Results
Procedure
The researcher used a verbal script to indicate that the participant would be required to handle an animal (a snake for the
experimental group and a rabbit for the control group) and
then have a saliva swab taken. The swab was not analyzed
and was part of a cover story about testing a fictitious pheromone response (see also Reeve et al. 2016). An animal was
present in the study room in a tank or cage habitat to corroborate the cover story, but participants did not actually interact
with the animal during the course of the study. The snake
present for the experimental condition was a 3 ft. Ball
Python (Python regius), housed within a glass tank. The control condition was a young tame rabbit (Oryctolagus
cuniculus), housed within a wire and plastic transport cage.
After, participants completed a demographic questionnaire
(i.e., age, gender, ethnicity, and sexual orientation), the face

Manipulation Check
A 2 (experimental condition) × 2 (participant sex) factorial
ANOVA was conducted on the Fear subscale measure of the
PANAS-X. There was a significant main effect between experimental conditions, with both men (M = 1.254) and women
(M = 1.4253) in the rabbit group reporting significantly less
fear than men (M = 2.161; t(92) = − 6.072, p < .01) and women (M = 1.938; t(189) = − 4.350, p < .01) in the snake group,
F(2, 285) = 51.388, p < .001, η2 = .155.

Mate Preferences
Using CA, importance values were calculated separately for
each body and face trait and part-worth utility estimates were
calculated for each level within each trait. In both tasks,
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participants’ rankings of holdout images were accurately predicted by the utility estimates (all τ = 1.00), confirming the
validity of the orthogonal array in accurately representing the
potential full matrix. A higher utility estimate indicates greater
preference for a particular attribute level (e.g., greater preference for high versus original or low sexual dimorphism),
whereas a lower utility estimate indicates lower preference.
Correspondingly, positive values indicate relatively greater
preference for an attribute, whereas negative values indicate
relatively less preference for an attribute. Men and women
were analyzed separately.
Body Attribute Preferences
For importance values, there was a significant main effect of
body attribute on male participants’ preference ranking decisions, F(2, 184) = 13.103, p < .001, η2 = .125. Pairwise comparisons revealed that importance values for body volume
(M = 41.30%) were significantly higher than importance
values for body composition (M = 29.70%; p < .001) and
shape (M = 29.05%; p < .001), which were not significantly
different from each other (p = .771). There was a marginally
significant interaction with experimental condition, F(2,
184) = 2.968, p = .054, η2 = .031. Men in the rabbit condition
(M = 33.43%) reported significantly higher body
composition importance values than men in the snake condition (M = 25.95%, t(92) = 2.469, p = .015). Pairwise comparisons for body volume importance values or body shape importance values were not significant (p > .19).
There was a significant main effect of body attribute on female participants’ preference ranking decisions, F(2, 378) =
27.618, p < .001, η2 = .127. Importance values for body volume
(M = 40.22%) were significantly higher than importance values
for body composition (M = 32.49%; p < .001) and shape (M =
27.29%; p < .001), and importance values for body composition
were significantly higher than those for shape (p = .001).
However, there were no significant interactions with experimental condition (all F < 1.049, all p > .351).
When analyzing utility estimates (see Table 3 for statistics
and directional information on main effects), there was a significant main effect of body volume on both male and female
participants’ ranking decisions, but these did not interact with
experimental condition. There was also a significant main
effect of body composition on both male and female participants’ ranking decisions, and both interacted with experimental condition. For men, simple effects analysis revealed this
interaction to be due to a significantly lower utility estimate
for level 4 (most muscle) in the rabbit condition than in the
snake condition, t(92) = −2.343, p = .021. For women, this
interaction was due to a significantly higher utility estimate
for level 4 (most muscle), t(189) = −3.464, p = .001, and a
significantly lower utility estimate for level 1 (most fat),
t(189) = −3.874, p < .001, in the snake condition than in the

rabbit condition. Finally, there was a significant main effect of
body shape on preference ranking decisions for both men and
women, but no significant interaction with experimental condition for either sex.

Face Attribute Preferences
For importance values, there was a significant main effect of
face attribute on men’s preference ranking decisions, F(2,
184) = 3.659, p = .028, η2 = .038, whereby sexual dimorphism
(M = 36.63%) was ranked significantly higher than symmetry
(M = 29.31%; p = .013), but was not significantly different
from health (M = 34.06%; p > .37); importance values for
symmetry and health were likewise not significantly different
(p = .057). For women, there was a significant main effect of
face attribute on ranking decisions, F(2, 378) = 30.91,
p < .001, η2 = .141, whereby sexual dimorphism (M =
42.89%) was ranked significantly higher than symmetry
(M = 27.54%; p < .001) and health (M = 29.57%; p < .001),
which were not significantly different from each other
(p = .245). There were no significant interactions with experimental condition for either men or women (both F < 1.14,
both p > .32).
Considering utility estimates (see Table 4 for statistics and
directional information on main effects), there was a significant main effect of sexual dimorphism on men’s ranking decisions, but no interaction with experimental condition. For
women, there was a significant main effect of sexual dimorphism on ranking decisions, which interacted with experimental condition. Simple effects analysis revealed this interaction
reflected higher utility estimates for neutral and feminine faces
compared to masculine faces in the rabbit condition, but significantly higher utility estimates for neutral compared to feminine and masculine faces in the snake condition.
Correspondingly, there were significantly lower utility estimates for masculine faces reported by women in the rabbit
condition than in the snake condition, and significantly lower
utility estimates for feminine faces reported by women in the
snake condition than in the rabbit condition. There was no
significant main effect of facial symmetry on women’s ranking decisions and no interaction. There was only a marginally
significant main effect of facial symmetry on men’s ranking
decisions, with marginally higher utilities for the high symmetry attribute level than the natural (p = .054) and low
(p = .065) symmetry levels, and there was no significant interaction with experimental condition. There was a significant
main effect of health coloration utility estimates on both male
(exaggerated healthy coloration > natural coloration > exaggerated unhealthy coloration) and female participants’ ranking
decisions (exaggerated healthy coloration ≈ natural coloration
> exaggerated unhealthy coloration), but neither interacted
with experimental condition.
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Table 3 Summary results of the factorial mixed-model ANOVAs on
each of the various opposite-sex body attributes’ (i.e., volume,
composition, shape) utility estimates, including follow-up simple effects
analyses. Different subscripts represent levels that were significantly
Body attribute

Body volume

Sample

Analysis

Body shape

Mean utility estimates
Level 2

Level 3

Level 4

Rabbit
Snake
Total
Rabbit
Snake
Total

− 2.078c
− 2.582c
− 2.325c
− .929b
− .742b
− .835b

1.214a
1.272a
1.242a
1.182a
.508a
.8429a
− .135b
− .435b
− .282b
.782d
.997c
.890c
.599b
.641b
.620b
1.016c
.833c

− .016b*
1.179a*
.569b
− 1.487b
− .961b
− 1.223b
− 2.677c*
− 1.647c*
− 2.173c
− .329a,c*
.888c*
.283b
− 1.182c
− 1.228c
− 1.205c
.147b
.497b

.924c

.323b

Interaction

Female

Main effect
Interaction

Male

Interaction

Rabbit
Snake

1.406a
.989a

Female

Main effect
Interaction

Total
Rabbit
Snake

Male

Main Effect
Interaction

Female

Main effect
Interaction

Total
Rabbit
Snake
Total
Rabbit
Snake

1.202a
− .792a*
− 1.984a*
− 1.391a
.047a
− .054a
− .003a
− 1.300a
− 1.742a

.880a
.130b
.513b
1.234a
1.195a
1.2147a
1.406a
1.092a
1.253a
.340b,c
.099b
.219b
.537b
.641b
.588b
.137b
.412b

Total

− 1.522a

.275b

Main effect

F

Level 1
Male

Main effect
Body composition

different from each other across levels of an attribute. Asterisks
represent significant difference between the experimental versus control
conditions within a given level

Trait Mate Preferences
With respect to ideal mate preferences, men in the rabbit condition
reported significantly higher preferences for the Partner VitalityAttractiveness (M = 5.908), t(92) = 2.357, p = .021, and the
Partner Status-Resources (M = 5.502) subscales, t(92) = 2.696,
p = .008, compared to men in the snake condition (VitalityAttractiveness: M = 5.499; Status-Resources: M = 4.941).
However, there was no significant difference between men in
the rabbit versus snake conditions for the Partner WarmthTrustworthiness subscale, and no significant differences for any
of these subscales among women (all p > .427).

Additional Analyses
Using the MMSO, men in the snake condition (M = 4.630)
reported a significantly higher STMO than men in the rabbit
condition (M = 3.932), t(91) = − 2.032, p = .045.
Correspondingly, men in the rabbit condition (M = 6.298) reported significantly higher LTMO than men in the snake condition (M = 5.721), t(91) = 2.715, p = .008. For women’s
STMO, there was only a marginally significant difference
between those in the snake (M = 3.062) and rabbit (M =
2.719) conditions, t(181) = − 1.776, p = .077, and no significant difference for women’s LTMO (p > .21).
Women in the snake condition (M = 4.839) reported a significantly lower self-perceived mate value than women in the

p

η2p

2.158

0.093

0.023

29.071
1.443

< .001
0.229

0.24
0.008

33.014
2.935

< .001
0.034

0.24
0.031

63.9
8.499

< .001
< .001

0.41
0.043

32.16
0.04

< .001
0.989

0.145
> .001

14.047
1.729

< .001
0.16

0.132
0.009

54.237

< .001

0.223

rabbit condition (M = 5.161), t(189) = 2.326, p = .021.
Similarly, men in the snake condition (M = 4.941) reported a
significantly lower self-perceived social status than men in the
rabbit condition (M = 5.376), t(92) = 2.012, p = .047. There
were no other significant effects or interactions (all p > .30).

Discussion
There were significant differences in the relative importance participants assigned to each face (masculinity, symmetry, and
health coloration) and body (volume, composition, and shape)
attribute, but these overall preference patterns were not influenced by experimental condition (i.e., although men in the rabbit
condition reported higher body composition importance values
than men in the snake condition, the pattern of importance values
did not differ by condition). Specifically, male participants across
conditions were influenced most by women’s overall body volume when ranking body types in order of preference relative to
either body composition or shape (which influenced rankings a
comparable amount). Similarly, female participants across conditions attributed significantly more weight to men’s body volume than the other two dimensions, but then also attributed significantly more weight to body composition than shape.
Furthermore, these main effects may suggest overall body volume is the most salient cue of these three for both men and
women in evaluating body attractiveness. Moreover, women,
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Table 4 Summary results of the factorial mixed-model ANOVAs on
each of the various opposite-sex face attributes’ (i.e., sexual dimorphism,
symmetry, coloration) utility estimates, including follow-up simple
effects analyses. Different subscripts represent levels that were
significantly different from each other across levels of an attribute.
Asterisks represent significant difference between the experimental
versus control conditions within a given level. For sexual dimorphism,
Face attribute

Sexual dimorphism

Sample

Analysis

Male

Interaction

Female

Interaction

Male

Main effect
Interaction

Female

Main effect
Interaction

Male

Main effect
Interaction

Female

Main effect
Interaction

Main effect

Symmetry

Coloration

level 1 indicates a masculinized morph, level 2 indicates no morph
(natural sexual dimorphism), and level 3 indicates a feminized morph.
For symmetry, level 1 indicates a symmetrized morph, level 2 indicates
no morph (natural symmetry), and level 3 indicates an asymmetrized
morph. For coloration, level 1 indicates increased healthy coloration,
level 2 indicates natural coloration, and level 3 indicates increased
unhealthy coloration

Main effect

Mean utility estimates

F

p

η2p

Level 1

Level 2

Level 3

Rabbit
Snake
Total

− 1.222a
− 1.123a
− 1.174a

.174b
.312b
.241b

1.049c
.812c
.933c

.503

.606

.005

54.407

< .001

.372

Rabbit
Snake
Total
Rabbit
Snake
Total
Rabbit
Snake
Total
Rabbit
Snake
Total
Rabbit
Snake
Total

− 1.06a*
− .403a*
− .730a
.264a
.333a
.298a
− .032a
.149a
.059a
1.076a
.971a
1.025a
.326a
.507a
.417a

.470b
.427b
.449b
− .056a
− .196a
− .124a
.084a
− .087a
− .002a
.007b
.246b
.124b
.344a
.066a
.204a

.590b*
− .024a*
.281b
− .208a
− .138a
− .174a
− .053a
− .063a
− .058a
− 1.083c
− 1.217c
− 1.149c
− .670b
− .573b
− .621b

5.636

.004

.029

22.703
.162

< .001
.850

.107
.002

2.972
.840

.054
.433

.031
.004

.367
.625

.693
.536

.002
.007

69.163
1.606

< .001
.202

.429
.008

32.399

< .001

.146

but not men, also rank body composition as more important than
body shape.
For male participants’ overall face ranking decisions, facial
masculinity was more important than facial symmetry but not
facial health, whereas facial health and facial symmetry were
comparably important. For female participants’ overall face
ranking decisions, facial masculinity was more important than
facial symmetry and facial health, but facial health and facial
symmetry were not significantly different from each other.
These main effects somewhat replicate those obtained by
Mogilski and Welling (2017), with sexual dimorphism in
shape being most important to ranking decisions of women.
However, men in this study did not consider sexual dimorphism as more important than health (only symmetry). This
could be due to an animal always being present in the current
study, but not in past research. It could be that, for example,
animals (at least snakes and rabbits) are a disease cue that may
be associated with health preference—elevating its importance for men in both conditions of the present study.
However, a true test of this possibility would require a control
condition of no animal or a devoted pathogen threat manipulation, and is therefore a potential fruitful future direction.
Similarly, future research could examine how the timing of
environmental threat, and the delay between threat and mate

choice decisions (e.g., immediately versus long-term), impact
preferences in men and women. Taken together, these results
suggest that some body and face qualities are more influential
than others in preference ranking decisions, but the relative
importance of different face or body qualities (i.e., the overall
pattern of preferences for traits relative to other traits) is not
influenced by environmental threat.
From the analysis of utility estimates (which provide an
estimate of the relative importance of each level within an
attribute relative to the other levels within that attribute), several meaningful differences emerged. For male participants,
the lowest (leanest) level of body volume was preferred less
than any other level and the third level (of four) was preferred
more than any other level. Overall, men ranked bodies with
mid-range shapes (levels 2 and 3) higher than either the most
gynoid/feminine shape (level 1) or most android/masculine
shape (level 4), with bodies with the most android/masculine
shape being ranked significantly lower than any other level.1
Likewise, men preferred bodies with more fat relative to
1

Note: The stimuli used in this study manipulate WHR and WSR simultaneously to study overall shape preference (gynoid to android). Our finding
should not be interpreted to indicate that, for example, men prefer a WHR of
.70 or .75 over a WHR of .65, but that a WHR of .65 paired with a WSR of .85
(i.e., extremely gynoid) seems to be a less desired overall shape than the central
two overall shapes.
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muscle (body composition levels 1 and 2) more than bodies with
more muscle relative to fat (levels 3 and 4), with very high
muscle relative to fat (level 4) ranked lower than any other level.
This interacted with experimental condition, whereby men in the
rabbit condition ranked bodies with the most muscle more negatively than men in the snake condition, although these men still
ranked higher muscle female figures lower than other figures.
This suggests an increased tolerance (if not a preference) for
females with high muscle when under environmental threat.
This finding contrasts somewhat with research on resource scarcity, which finds that men increase their preferences for large
breasts (i.e., a signal of fat reserves) when under conditions characterized by scarce resources (Swami and Tovée 2013). Overall,
men in our study preferred female bodies with a medium volume,
with perceivably more fat than muscle in their composition (for
corresponding findings for a mid-range body mass index, see
Tovée et al. 1999; Hume and Montgomerie 2001), and with a
moderate gynoid shape, but environmental threat reduced men’s
aversion to muscular female figures.
With respect to utility estimated for men’s face preferences,
masculinized faces were ranked lowest and feminized faces
highest. Similarly, men ranked healthy facial coloration highest
and unhealthy colored faces lowest. Men’s preferences were not
influenced by symmetry, and none of these three facial attributes
interacted with experimental condition. Of particular note, the
present study failed to replicate Pettijohn II and Tesser’s (2005)
finding that a safety threat biases men to prefer more mature
looking women (a construct that is related to perceptions of
masculinity; Boothroyd et al. 2005); men in the threat condition
were no different from controls in their preference for female
facial femininity (see also Reeve et al. 2016). In Pettijohn II
and Tesser’s (2005) study, participants were more ambiguously
asked to select a female partner to work with rather than directly
asked to select faces they considered most attractive. Therefore,
given that more mature faces may be perceived as more masculine (Boothroyd et al. 2005), it could be that the preference for
more mature looking females when under threatening conditions
reflects a preference for alliances with more masculine individuals, but does not override the typical male preference for female
femininity in a mating context (e.g., Perrett et al. 1998; Rhodes
2006). Further research could explore this possibility.
For women’s utility estimates, preferences for body volume
were lowest for both the lowest and highest volumes (levels 1
and 4), and highest for the intermediate levels. Similarly, women
preferred an intermediate level (level 3) of masculine body shape
and ranked feminine (level 1) body shape as the least attractive.
This latter finding is supportive of research suggesting that women prefer a lower WSR in men (Braun and Bryan 2006), but,
similar to our findings in men, may also indicate that there is an
optimum intermediate range rather than a continual increasing
linear trend. Within body composition utility estimates, women
preferred the highest fat/lowest muscle manipulation (level 1)
least, and low fat/moderate muscle (level 3) the most.

However, body composition utility estimates interacted with experimental condition such that there was a stronger preference for
the highest muscle bodies (level 4) and an even more negative
preference for the highest fat bodies (level 1) among women in
the snake (versus rabbit) condition. This pattern suggests a preference shift in favor of muscular men and against fatter men
when under threatening conditions, independently of overall volume and shape (see also Reeve et al. 2016). This finding also
aligns with correlational research on self-reported safety concerns
(Frederick and Haselton 2007; Snyder et al. 2011) and crosscultural findings for preference for physical strength (e.g.,
Pearce et al. 2010), and expands on them by applying an experimental manipulation.
For faces, comparable to the male participants, women ranked
unhealthy facial coloration significantly lower than healthy or
neutral coloration. However, also like the male participants, rankings were not significantly influenced by facial symmetry.
Finally, women ranked masculinized faces significantly lower
than neutral or feminized faces, but this interacted with experimental condition such that women in the threat condition showed
less aversion to masculinized male faces and a lower preference
for feminized male faces than women in the control condition
(see Reeve et al. 2016, for similar findings). This pattern suggests
an adaptive, context-dependent strategic shift in women’s mate
preferences in response to environmental cues. In particular, it
may contribute to clarifying a portion of the complex interplay
around how, why, and when masculinity is more attractive to
women—at least insofar as the safety element of environmental
evaluative cognition is concerned—given the context-dependent
nature of female masculinity preference found for other manipulations (e.g., exposure to male-male competition; Little et al.
2013) or natural fluctuations (e.g., menstrual cycle phase;
Welling et al. 2007; but see Jones et al. 2018).
In addition to the body and face ranking tasks, participants
completed questionnaires to measure other aspects of mate
preference and strategy. Men under environmental threat reported significantly higher STMO, but significantly lower
LTMO, than men in the control condition, suggesting a strategic shift towards short-term over long-term mating. From an
evolutionary perspective, such a shift could act to promote
reproductive output when the male perceives unstable, risky
conditions. Thus, consistent with Life History Theory (e.g.,
Figueredo et al. 2006), when the perceived chances of death
are greater, an individual may focus more energy on their
reproductive output. This was not found by Reeve et al.
(2016), but it is worth noting that these authors may have
simply lacked the statistical Power needed to detect this difference (with only 18 men per condition). Furthermore, men
under environmental threat rated Vitality-Attractiveness traits
and Status-Resources traits as less important, which may stem
from this sexual strategy shift. Indeed, men typically lower
their standards when considering a short-term mate (e.g.,
Buss and Schmitt 1993; Edlund and Sagarin 2010).
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Therefore, these findings may represent a drop in overall mating aspirations in risky environments.
On the other hand, the present study failed to replicate
Reeve et al.’s (2016) finding for less negative attitudes towards short-term mating among female participants under environmental threat, although there was a marginally significant effect in the right direction. Methodological differences
may explain this inconsistency; the present study used a nonthreatening animal (a rabbit) as the control group, whereas
Reeve et al. (2016) used no animal. There may be a meaningful difference between being in the presence of a rabbit (or any
animal) or not that influences attitude towards short-term mating in women. Future research may benefit from including
both a no animal and non-threatening animal condition.
We also measured self-perceived mate value (Edlund and
Sagarin 2014) and social status (Anderson et al. 2012).
Although there was no difference between men in the control
versus threat conditions for self-perceived mate value, men in
the threat condition reported significantly lower self-perceived
social status compared to controls, suggesting that environmental threat influences men’s perception of their social standing—potentially stemming from an underlying negative association between feeling fear and perceived social dominance—but that this influence does not necessarily translate
to their estimate of their value as a mate. On the other hand,
women in the presence of a threatening animal did report
lower self-perceived mate value than women in the control
condition, but there was no significant difference in selfrated social status. According to the concept of a mating
sociometer (Kavanagh et al. 2010; Kirkpatrick and Ellis
2001), human beings adaptively calibrate their mating aspirations in line with their mate value, establishing a compromise
between ideal mates and realistic/attainable mates. Therefore,
temporarily lowered self-perceived mate value should promote the chances of accepting a lower-quality mate and suppress the appeal of abandoning an existing mate to pursue a
better mate; in turn, the shift would thus encourage gaining/
keeping the survival benefits a mate can provide (e.g., protection, resources). However, there were no significant differences between women in the threat versus control conditions
in trait mate preference ratings. Future research may aim to
investigate the relationship between environmental threat and
mating aspirations further, potentially by including alternate
measures of mating aspirations, such as perceived compatibility of males displaying varying cues of mate value.
In summary, our findings are predominantly supportive of
the ESH and a context-dependent model of mate preferences.
These findings expand on the broader conceptualization of the
ESH, suggesting that mate preferences (and potentially mate
choice) are likely influenced by cues from the immediate environment in an evolutionarily adaptive way. Whereas other
previous research has used manipulations/predictors such as
resource scarcity cues (e.g., Swami and Tovée 2013) and

pathogen prevalence primes (e.g., Lee et al. 2013), the present
study applied a direct personal safety cue. Although, like
Reeve et al. (2016), the present study failed to find a significant result for male preference for female face shape, this may
be a result of the specific nature of the threat cue (i.e., immediate physical safety). Certainly, findings under the contextdependent mate preference umbrella seem to differ in their
direction depending on the nature of the threat cue; research
considering resource scarcity cues (e.g., economic conditions)
has reported an increase in men’s preference for more masculine facial qualities in females during more threatening conditions (Pettijohn and Jungeberg 2004; Pettijohn II and Tesser
1999), whereas research on pathogen cues has suggested an
increase in men’s preference for more feminine facial qualities
in potential female mates (e.g., Jones et al. 2013b; Lee et al.
2013). It is possible that the cognitive mechanisms that adjust
mate preferences in response to cues of environmental security are specialized, whereby different cues (e.g., safety threat,
pathogen threat, resource availability threat) may result in
slightly different shifts in preferences. Future research with
narrowed conceptual definitions of threat would be beneficial
to clarify these subtle differences further.

Compliance with Ethical Standards
Conflict of Interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

References
Anderson, C., Kraus, M. W., Galinsky, A. D., & Keltner, D. (2012). The
local-ladder effect: Social status and subjective well-being.
Psychological Science, 23(7), 764–771.
Bargh, J. A., & Chartrand, T. L. (2000). The mind in the middle.
Handbook of Research Methods in Social and Personality
Psychology (pp. 253–285). Cambridge: Cambridge University
Press.
Betzig, L. (1992). Roman polygyny. Ethology and Sociobiology, 13(5–6),
309–349.
Boothroyd, L. G., Jones, B. C., Burt, D., Cornwell, R., Little, A. C.,
Tiddeman, B. P., & Perrett, D. I. (2005). Facial masculinity is related
to perceived age but not perceived health. Evolution and Human
Behavior, 26(5), 417–431.
Braun, M. F., & Bryan, A. (2006). Female waist-to-hip and male waist-toshoulder ratios as determinants of romantic partner desirability.
Journal of Social and Personal Relationships, 23(5), 805–819.
Brierley, M. E., Brooks, K. R., Mond, J., Stevenson, R. J., & Stephen, I.
D. (2016). The body and the beautiful: Health, attractiveness and
body composition in men’s and women’s bodies. PLoS One, 11(6),
e0156722.
Buss, D. M., & Schmitt, D. P. (1993). Sexual strategies theory: An evolutionary perspective on human mating. Psychological Review,
100(2), 204–232.
Charkoudian, N., Stephens, D. P., Pirkle, K. C., Kosiba, W. A., &
Johnson, J. M. (1999). Influence of female reproductive hormones
on local thermal control of skin blood flow. Journal of Applied
Physiology, 87(5), 1719–1723.

Evolutionary Psychological Science
DeBruine, L. M., Jones, B. C., Crawford, J. R., Welling, L. L., & Little, A.
C. (2010). The health of a nation predicts their mate preferences:
Cross-cultural variation in women's preferences for masculinized
male faces. Proceedings of the Royal Society of London B:
Biological Sciences, 277(1692), 2405–2410.
DeBruine, L. M., Jones, B. C., Little, A. C., Crawford, J. R., & Welling,
L. L. M. (2011). Further evidence for regional variation in women’s
masculinity preferences. Proceedings of the Royal Society of
London B, 278(1707), 813–814.
Edlund, J. E., & Sagarin, B. J. (2010). Mate value and mate preferences:
An investigation into decisions made with and without constraints.
Personality and Individual Differences, 49(8), 835–839.
Edlund, J. E., & Sagarin, B. J. (2014). The mate value scale. Personality
and Individual Differences, 64, 72–77.
Fink, B., Grammer, K., & Matts, P. J. (2006). Visible skin color distribution plays a role in the perception of age, attractiveness, and health in
female faces. Evolution and Human Behavior, 27, 433–442.
Fink, B., Matts, P. J., D’Emiliano, D., Bunse, L., Weege, B., & Röder, S.
(2012). Colour homogeneity and visual perception of age, health
and attractiveness of male facial skin. Journal of the European
Academy of Dermatology and Venereology, 26, 1486–1492.
Fletcher, G. J., Simpson, J. A., Thomas, G., & Giles, L. (1999). Ideals in
intimate relationships. Journal of Personality and Social
Psychology, 76, 72–89.
Frederick, D. A., & Haselton, M. G. (2007). Why is muscularity sexy?
Tests of the fitness indicator hypothesis. Personality and Social
Psychology Bulletin, 33, 1167–1118.
Frisch, R. E. (1988). Fatness and fertility. Scientific American, 258(3),
88–95.
Gangestad, S. W., & Simpson, J. A. (2000). The evolution of human
mating: Trade-offs and strategic pluralism. Behavioral and Brain
Sciences, 23(4), 573–587.
Gosling, S. D., Rentfrow, P. J., & Swann, W. B. (2003). A very brief
measure of the Big-Five personality domains. Journal of Research
in Personality, 37(6), 504–528.
Gustafsson, A., Herrmann, A., & Huber, F. (2007). Conjoint analysis as
an instrument of market research practice. In A. Gustafsson, A.
Herrmann, & F. Huber (Eds.), Conjoint measurement: Methods
and applications (pp. 3–30). Heidelberg: Springer Berlin.
Hair, J. F., Anderson, R. E., Tatham, R. L., & Black, W. C. (1995).
Multivariate data analysis with readings. Englewood Cliffs:
Prentice Hall.
Hume, D. K., & Montgomerie, R. (2001). Facial attractiveness signals
different aspects of Bquality^ in women and men. Evolution and
Human Behavior, 22, 93–112.
Isbell, L. A. (2006). Snakes as agents of evolutionary change in primate
brains. Journal of Human Evolution, 51(1), 1–35.
Jackson, J. J., & Kirkpatrick, L. A. (2007). The structure and measurement of human mating strategies: Toward a multidimensional model
of sociosexuality. Evolution and Human Behavior, 28(6), 382–391.
Jasienska, G., Ziomkiewicz, A., Ellison, P. T., Lipson, S. F., & Thune, I.
(2004). Large breasts and narrow waists indicate high reproductive
potential in women. Proceedings of the Royal Society of London:
Biological Sciences, 271, 1213–1217.
Johnston, V. S. (2000). Female facial beauty: The fertility hypothesis.
Pragmatics & Cognition, 8(1), 107–122.
Johnston, V. S., Hagel, R., Franklin, M., Fink, B., & Grammer, K. (2001).
Male facial attractiveness: Evidence for hormone-mediated adaptive
design. Evolution and Human Behavior, 22(4), 251–267.
Jones, B. C., Little, A. C., Penton-Voak, I. S., Tiddeman, B. P., Burt, D.
M., & Perrett, D. I. (2001). Facial symmetry and judgements of
apparent health: Support for a Bgood genes^ explanation of the
attractiveness–symmetry relationship. Evolution and Human
Behavior, 22(6), 417–429.
Jones, B. C., Little, A. C., Burt, D. M., & Perrett, D. I. (2004). When
facial attractiveness is only skin deep. Perception, 33(5), 569–576.

Jones, B. C., Feinberg, D. R., Watkins, C. D., Fincher, C. L., Little, A. C.,
& DeBruine, L. M. (2013a). Pathogen disgust predicts women’s
preferences for masculinity in men’s voices, faces, and bodies.
Behavioral Ecology, 24(2), 373–379.
Jones, B. C., Fincher, C. L., Welling, L. L. M., Little, A. C., Feinberg, D.
R., Watkins, C. D., al-Dujaili, E. A. S., & DeBruine, L. M. (2013b).
Salivary cortisol and pathogen disgust predict men’s preferences for
feminine shape cues in women’s faces. Biological Psychology,
92(2), 233–240.
Jones, B. C., Hahn, A. C., Fisher, C. I., Wang, H., Kandrik, M., Han, C.,
et al. (2018). No compelling evidence that preferences for facial
masculinity track changes in women’s hormonal status.
Psychological Science, 29(6), 996–1005.
Kavanagh, P. S., Robins, S. C., & Ellis, B. J. (2010). The mating
sociometer: A regulatory mechanism for mating aspirations.
Journal of Personality and Social Psychology, 99(1), 120–132.
Kenrick, D. T., Griskevicius, V., Neuberg, S. L., & Schaller, M. (2010).
Renovating the pyramid of needs contemporary extensions built
upon ancient foundations. Perspectives on Psychological Science,
5(3), 292–314.
Kirchengast, S. (2010). Gender differences in body composition from
childhood to old age: An evolutionary point of view. Journal of
Life Science, 2(1), 1–10.
Kirchengast, S., & Huber, J. (2004). Body composition characteristics
and fat distribution patterns in young infertile women. Fertility
and Sterility, 81, 539–544.
Kirkpatrick, L. A., & Ellis, B. J. (2001). An evolutionary-psychological
approach to self-esteem: Multiple domains and multiple functions.
Blackwell handbook of social psychology: Interpersonal processes,
409–436.
Lake, J. K., Power, C., & Cole, T. J. (1997). Women’s reproductive
health: The role of body mass index in early and adult life.
International Journal of Obesity, 21, 432–438.
Lassek, W. D., & Gaulin, S. C. (2009). Costs and benefits of fat-free
muscle mass in men: Relationship to mating success, dietary requirements, and native immunity. Evolution and Human Behavior,
30(5), 322–328.
Law Smith, M. J., Perrett, D. I., Jones, B. C., Cornwell, R. E., Moore, F.
R., Feinberg, D. R., Boothroyd, L. G., Durrani, S. J., Stirrat, M. R.,
Whiten, S., Pitman, R. M., & Hillier, S. G. (2006). Facial appearance
is a cue to oestrogen levels in women. Proceedings of the Royal
Society of London, Series B, 273, 135–140.
Lee, A. J., Dubbs, S. L., Kelly, A. J., von Hippel, W., Brooks, R. C., &
Zietsch, B. P. (2013). Human facial attributes, but not perceived
intelligence, are used as cues of health and resource provision potential. Behavioral Ecology, 24(3), 779–787.
Little, A. C., Jones, B. C., Penton-Voak, I. S., Burt, D. M., & Perrett, D. I.
(2002). Partnership status and the temporal context of relationships
influence human female preferences for sexual dimorphism in male
face shape. Proceedings of the Royal Society of London B:
Biological Sciences, 269(1496), 1095–1100.
Little, A. C., Jones, B. C., & Burriss, R. P. (2007). Preferences for masculinity in male bodies change across the menstrual cycle.
Hormones and Behavior, 51(5), 633–639.
Little, A. C., DeBruine, L. M., & Jones, B. C. (2013). Environment
contingent preferences: Exposure to visual cues of direct male–male
competition and wealth increase women’s preferences for masculinity in male faces. Evolution and Human Behavior, 34(3), 193–200.
Lohrke, F. T., Holloway, B. B., & Woolley, T. W. (2010). Conjoint analysis in entrepreneurship research a review and research agenda.
Organizational Research Methods, 13, 16–30.
Manson, J. E., Willet, W. C., Stampfer, M. J., Colditz, G. A., Hunter, D. J.,
Hankinson, S. E., Hennekens, C. H., & Speizer, F. E. (1995). Body
weight and mortality among women. New England Journal of
Medicine, 333, 677–685.

Evolutionary Psychological Science
Matts, P. J., & Fink, B. (2010). Chronic sun damage and the perception of
age, health and attractiveness. Photochemical & Photobiological
Sciences, 9(4), 421–431.
Mogilski, J. K., & Welling, L. L. M. (2017). The relative importance of
sexual dimorphism, fluctuating asymmetry, and color cues to health
during evaluation of potential partners’ facial photographs: A conjoint. Human Nature, 28(1), 53–75.
Mogilski, J. K., Wade, T. J., & Welling, L. L. M. (2014). Prioritization of
potential mates’ history of sexual fidelity during a conjoint ranking
task. Personality and Social Psychology Bulletin, 40, 884–897.
Muhe, L., Oljira, B., Degefu, H., Enquesellassie, F., & Weber, M. W.
(1999). Clinical algorithm for malaria during low and high transmission seasons. Archives of Disease in Childhood, 81, 216–220.
Muhe, L., Oljira, B., Degefu, H., Jaffar, S., & Weber, M. W. (2000).
Evaluation of clinical pallor in the identification and treatment of
children with moderate and severe anaemia. Tropical Medicine &
International Health, 5, 805–810.
Nelson, L. D., & Morrison, E. L. (2005). The symptoms of resource
scarcity: Judgements of food and finances influence preferences
for potential partners. Psychological Science, 16, 167–173.
Öhman, A., & Mineka, S. (2001). Fears, phobias, and preparedness:
Toward an evolved module of fear and fear learning.
Psychological Review, 108(3), 483–522.
Pearce, A. R., Chuikova, T., Ramsey, A., & Galyautdinova, S. (2010). A
positive psychology perspective on mate preferences in the United
States and Russia. Journal of Cross-Cultural Psychology, 41(5–6),
742–757.
Penton-Voak, I. S., Perrett, D. I., Castles, D. L., Kobayashi, T., Burt, D.
M., Murray, L. K., & Minamisawa, R. (1999). Menstrual cycle alters
face preference. Nature, 399(6738), 741–742.
Penton-Voak, I. S., Jacobson, A. A., & Trivers, R. R. (2004). Populational
differences in attractiveness judgments of male and female faces:
Comparing British and Jamaican samples. Evolution and Human
Behavior, 25(6), 355–370.
Perrett, D. I., Lee, K. J., Penton-Voak, I. S., Rowland, D. R., Yoshikawa,
S., Burt, D. M., Henzi, S. P., Castles, D. L., & Akamatsu, S. (1998).
Effects of sexual dimorphism on facial attractiveness. Nature, 394,
884–887.
Pettijohn II, T. F., & Tesser, A. (1999). Popularity in environmental context: Facial feature assessment of American movie actresses. Media
Psychology, 1(3), 229–247.
Pettijohn II, T. F., & Tesser, A. (2003). History and facial features: The
eyes have it for actresses but not for actors. North American Journal
of Psychology, 5(3), 335–343.
Pettijohn II, T. F., & Tesser, A. (2005). Threat and social choice: When
eye size matters. The Journal of Social Psychology, 145, 547–570.
Pettijohn II, T. F., Glass, J. N., Bordino, C. A., & Eastman, J. T. (2014).
Facial feature assessment of popular U.S. country music singers
across social and economic conditions. Current Psychology, 33(4),
451–459.
Pettijohn, T., & Jungeberg, B. J. (2004). Playboy playmate curves:
Changes in facial and body feature preferences across social and
economic conditions. Personality and Social Psychology Bulletin,
30(9), 1186–1197.
Pettijohn, T., Sacco, D. R., & Yerkes, M. J. (2009). Hungry people prefer
more mature mates: A field test of the environmental security hypothesis. The Journal of Social, Evolutionary, and Cultural
Psychology, 3(3), 216–232.
Provost, M. P., Kormos, C., Kosakoski, G., & Quinsey, V. L. (2006).
Sociosexuality in women and preference for facial masculinization
and somatotype in men. Archives of Sexual Behavior, 35(3), 305–
312.
Reeve, S. D., Kelly, K. M., & Welling, L. L. M. (2016). Transitory
environmental threat alters sexually dimorphic mate preferences
and sexual strategy. Evolutionary Psychological Science, 2(2),
101–113.

Reeve, S. D., Kelly, K. M., & Welling, L. L. M. (2017). The effect of mate
value feedback on women’s mating aspirations and mate preference.
Personality and Individual Differences, 115, 77–82.
Rhodes, G. (2006). The evolutionary psychology of facial beauty. Annual
Review of Psychology, 57, 199–226.
Rhodes, G., Yoshikawa, S., Palermo, R., Simmons, L. W., Peters, M.,
Lee, K., Halberstadt, J., & Crawford, J. R. (2007). Perceived health
contributes to the attractiveness of facial symmetry, averageness,
and sexual dimorphism. Perception, 36(8), 1244–1252.
Ruys, K. I., & Stapel, D. A. (2008). How to heat up from the cold:
Examining the preconditions for (unconscious) mood effects.
Journal of Personality and Social Psychology, 94, 777–791.
Samson, N., Fink, B., & Matts, P. (2011). Does a woman’s skin color
indicate her fertility level? Preliminary findings. Swiss Journal of
Psychology, 70(4), 199–202.
Simpson, J. A., & Gangestad, S. W. (1991). Individual differences in
sociosexuality: Evidence for convergent and discriminant validity.
Journal of Personality and Social Psychology, 60(6), 870–883.
Snyder, J. K., Fessler, D. T., Tiokhin, L., Frederick, D. A., Lee, S., &
Navarrete, C. (2011). Trade-offs in a dangerous world: Women’s
fear of crime predicts preferences for aggressive and formidable
mates. Evolution and Human Behavior, 32(2), 127–137.
Stephen, I. D., Coetzee, V., Law Smith, M., & Perrett, D. I. (2009a). Skin
blood perfusion and oxygenation colour affect perceived human
health. PLoS One, 4, 1–7.
Stephen, I. D., Law Smith, M. J., Stirrat, M. R., & Perrett, D. I. (2009b).
Facial skin coloration affects perceived health of human faces.
International Journal of Primatology, 30, 845–857.
Swami, V., & Tovée, M. J. (2013). Resource security impacts men’s
female breast size preferences. PLoS One, 8(3), e57623.
Thornhill, R., & Gangestad, S. W. (2006). Facial sexual dimorphism,
developmental stability, and susceptibility to disease in men and
women. Evolution and Human Behavior, 27(2), 131–144.
Thornton, M. J. (2002). The biological actions of estrogens on skin.
Experimental Dermatology, 11, 487–502.
Tovée, M. J., Maisey, D. S., Emery, J. L., & Cornelissen, P. L. (1999).
Visual cues to female physical attractiveness. Proceedings of the
Royal Society of London. Series B: Biological Sciences,
266(1415), 211–218.
Turke, P. W., & Betzig, L. L. (1985). Those who can do: Wealth, status,
and reproductive success on Ifaluk. Ethology and Sociobiology,
6(2), 79–87.
Walster, E., Aronson, V., Abrahams, D., & Rottman, L. (1966).
Importance of physical attractiveness in dating behavior. Journal
of Personality and Social Psychology, 4(5), 508–516.
Wass, P., Waldenstrom, U., Rossner, S., & Hellbert, D. (1997). An android body fat distribution in females impairs the pregnancy rate of
in-vitro fertilization-embryo transfer. Human Reproduction, 12,
2057–2060.
Watson, D., & Clark, L. A. (1999). The PANAS-X: Manual for the positive and negative affect schedule-expanded form. Iowa Research
Online.
Welling, L. L. M., Jones, B. C., DeBruine, L. M., Conway, C. A., Law
Smith, M. J., Little, A. C., Feinberg, D. R., Sharp, M. A., & AlDujaili, E. A. (2007). Raised salivary testosterone in women is associated with increased attraction to masculine faces. Hormones and
Behavior, 52, 156–161.
Welling, L. L. M., Jones, B. C., & DeBruine, L. M. (2008). Sex drive is
positively associated with women’s preferences for sexual dimorphism in men’s and women’s faces. Personality and Individual
Differences, 44(1), 161–170.
Zaadstra, B. M., Seidell, J. C., Van Noord, P. A., te Velde, E. R.,
Habbema, J. D., Vrieswijk, B., & Karbaat, J. (1993). Fat and female
fecundity: Prospective study of effect of body fat distribution on
conception rates. BMJ, 306, 484–487.

