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Abstract

This thesis takes an evolutionary approach to the study of human

attractiveness - attempting to uncover cues to underlying health available in the face.

The first two experiments explore how facial appearance relates to biological markers

of health - hormone levels. Female facial appearance was found to relate to

oestrogen levels - those women with higher levels of a urinary oestrogen metabolite

have more attractive, feminine and healthy looking faces (chapter 2). Male facial

appearance was found to relate to levels of the stress hormone, Cortisol - those men

with higher levels of salivary Cortisol levels have faces that look less healthy and less

attractive (chapter 3).

Chapters 4 to 8 investigate one specific cue present in the face - skin

colouration. Sex differences in skin colour are found (chapter 4.1), but a healthy

colouration is found to not be sexually dimorphic (chapter 4.2). Increased red and

yellow and decreased lightness in both sexes are associated with higher ratings of

health (chapter 4.2). Redness was discovered to be a cue to reproductive hormone

levels (as is known in old world primates) - with increasing red relating to higher

oestrogen levels in women, and higher testosterone levels in men (chapter 5).

Yellowness is found to be a cue to Cortisol levels in men — with increasing Cortisol

relating to decreased yellow in the face (chapter 5). Topographic analysis showed

these relationships between colour and healthy appearance (chapter 4) and hormone

levels (chapter 5) are present throughout all areas of the face. The luminance

difference between the lips and the rest of the face (relative luminance) was also

found to relate to sexual dimorphism ratings (chapter 7).

In an experiment to independently manipulate only the red or yellow of face

skin (chapter 6), participants increased the amount of red and yellow in faces to make
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them appear most healthy; this occurred for faces of different ethnic groups and by

evaluators from UK and South Africa. Those faces originally low in yellow or red

benefit from the most corresponding colour alteration. In the final experimental

chapter (chapter 8), facial colouration was found to relate to age and perceived age

including a sample of large age range (20-54) - with increased red down only the

centre of the face relates to looking older.

Colour and colour distribution in human faces provides cues to hormonal

health and guides perceptual attributions involved in mate choice.



1. Literature Review

1.1 Introduction - an evolutionary approach to human mate choice

This literature review will cover the key theoretical issues that are important when

taking an evolutionary approach to human mate choice. The review will first cover

the fundamentals of evolutionary theory, and more specifically sexual selection and

models ofmate choice. The human facial attractiveness literature, which takes an

evolutionary approach, will then be reviewed, covering general preferences for faces,

and also individual differences in face preferences. The studies testing a key

assumption of the evolutionary approach, that human facial appearance is a signal of

underlying health, will then be reviewed. The final section focuses in on one

particular facial feature, skin colour, and its role in mate choice.

1.1.1 Sexual selection and models of mate choice

The scientific definition of evolution is a change in the traits of living organisms over

generations, including the emergence of new species. Since the development of

modern genetics in the 1940s, evolution has been defined more specifically as a

change in the frequency of alleles in a population from one generation to the next.

Charles Darwin's name is synonymous with the theory of evolution, although the

concept of evolution or "descent with modification" was not especially controversial

before his time. But Darwin's great insights were the theories of natural and sexual

selection, which, for the first time, formulated the mechanisms by which evolution

could occur.
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Natural selection (Darwin 1859) is based on three simple principles and their logical

consequence. Firstly, that all individuals of a species show variation in traits; of

which variation could be in morphology, physiology or behaviour. Secondly, that at

least part of such variation is heritable. Thirdly, that there is competition among

individuals for resources (such as food and mates), for which some individuals will be

able to compete for more effectively as a result of variation in their traits. This

competition occurs because organisms reproduce more offspring than can ever be

sustained. As a consequence some individuals will leave more offspring than others

because the particular traits they possess allow them to live more successfully - be it

at finding food, avoiding predators or finding mates. Through this process species

become 'adapted' to their environment.

Darwin (1871) also proposed a complementary theory of sexual selection. Whereas

natural selection occurs through selection imposed by the environment, where

individuals succeed on the basis of variation affording them to be better equipped to

survive, and thus as a consequence be alive long enough to reproduce; sexual

selection acts on traits that make it easier for an organism to secure a mate (or many

mates), and thus be 'allowed' to reproduce.

Trivers (1972) extended the theory of sexual selection by defining the principles of

investment in sexually reproducing species. Females invest more than males since

eggs are larger and more costly to produce than sperm. In mammals, this situation is

exacerbated by internal fertilisation, gestation and lactation. Females therefore put

more of their reproductive effort into rearing and investing in offspring. Males on the
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other hand must compete amongst themselves for access to females, and thus put

more of their reproductive effort into mating. Females are limited in the amount of

offspring they can produce by their gestational period (in humans a maximum of one

every 9 or so months, throughout their reproductive years). Females are not limited

by their access to mates and therefore the amount of variance in the amount of

offspring they produce is very small. Compare that to males, who are not limited

physiologically, and could potentially produce as many offspring as one from each

copulatory ejaculation. They are, however, limited by their access to willing females.

As a result, the amount of variance in the number of offspring males produce is high -

some may have many offspring, whereas some will have none at all. This principle of

the difference in variance between the sexes is called "Bateman's principle" who

demonstrated this empirically through experiments with fruit flies (Bateman 1948).

Sexual selection can take place within one sex (intra-sexual selection) or between the

sexes (inter-sexual selection). Intra-sexual selection refers to when members of one

sex compete amongst themselves for access to mates. This process can lead to the

evolution of traits that increase competitive ability, such as large deer antlers. Intra-

sexual selection (or 'female choice') occurs when females choose males with

characteristics that help them to produce or rear more or better quality offspring.

These traits may include 'direct benefits'- that is benefits which the female and

offspring will benefit from directly e.g. the male's ability to provide them with food

(for instance in many bird and insect species, Thornhill 1976). Traits may also be

chosen on the basis of 'indirect benefits' which they confer - that is the genetic

characteristics which they can pass on to offspring.



There are two ways in which males may provide genetic or indirect benefits to

females. The first is that males possess a genetic trait that is arbitrarily more

attractive to females. The second is that males provide "good genes" which make the

offspring more likely to survive. The first idea was developed by Fisher (1930).

Fisher proposed that as long as a trait is found attractive (for whatever reason) it need

not have any survival value for the male. If both the male trait and female preference

are genetically determined, then females who mate with males possessing the

preferred trait will be more likely to produce male offspring who possess that trait,

and female offspring who express the preference for it. These 'sexy sons' will be

likely to produce large numbers of offspring (as females will prefer them for mates),

while female offspring will prefer to mate with other 'sexy' males and thus produce

more successful sons themselves. Fisher (1930) demonstrated how this association

between female preference and a male trait could cause a 'runaway' process where

females select for ever more exaggerated male traits, and suggested that exaggerated

plumage seen in peacocks were an example of this process at work. The problem

with Fisher's theory of runaway selection, is that it cannot explain why females

initially find a trait attractive. Instead it takes as an assumption that the trait is

arbitrarily attractive. Fisher did suggest that the process could be started when a trait

was found attractive because it takes advantage of a pre-existing sensory bias of the

females (e.g. the females are attracted to red plumage because the food source they eat

is red). Alternatively it could be the case that the trait was initially found attractive

because it was a signal of underlying quality, and then selection for that trait became

'runaway' by the Fisherian process.
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The second set of theories suggest traits are found attractive because they do actually

signal a male's genetic quality. Females that are tuned into these signals reap the

benefits ofmating with genetically superior mates and therefore pass these "good

genes" on to offspring. The first theoretical model of this "good genes" theory was

the "Handicap Principle" developed by Zahavi (1975) and proposes that male traits

are selected for because they lower male viability and therefore act as an honest signal

ofmale quality. If the male has managed to survive to sexual maturity despite the

costs of the trait, then he must be in the possession of "good genes". The peacock's

tail could be used as an example because the huge colourful tail plumage is

cumbersome and likely to attract predators.

Another similar theoretical model was developed by Hamilton & Zuk (1982) in order

to account for a problem with previous theories of sexual selection. The problem was

that if an exaggerated trait signals a male's genetic quality and allows females to

identify those which will create the most resilient offspring, then over time as a result

of these males increased reproductive success, the gene pool will contain only those

genes for the trait (move to "fixation"), as those without it will have been selected

against. Hamilton & Zuk (1982) suggested one mechanism by which variance in

traits would still be maintained in the population, that is, if individuals were selected

for disease resistance. Different pathogens are prevalent in different environments at

different times. Therefore the genotype favoured at a given time would be constantly

changing on account of the continual arms race between pathogens and their hosts.

The possession of an exaggerated trait (e.g. colourful plumage or an exhausting

courtship display) requires males to be currently healthy in order for females to

choose it. The Hamilton-Zuk theory complements Zahavi's handicap principle in that
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male traits that diminish when the male is below optimum health (e.g. plumage

becoming less colourful or unable to perform vigorous courtship ritual) can be

considered a handicap and act as an honest signal of quality.

1.1.2 An evolutionary approach to face preferences

An evolutionary approach to the study of human attractiveness has been based on the

premises of sexual selection theory, and in particular the "indirect benefits" gained in

"good genes" models ofmate choice (e.g. Zahavi 1975; Hamilton & Zuk 1982), or

"direct benefits" i.e. resources and paternal care, and avoidance of infection. The

majority of research in human facial attractiveness has assumed that facial

attractiveness is some reliable signal of underlying good genes or more direct

benefits, and has concentrated instead on simply demonstrating that preferences for

certain traits exist. This is the literature which is reviewed in the rest of this first

section below (1.1). The second section of this chapter (1.2) will focus on the

research which has attempted to validate the "good genes" assumption of facial

attractiveness by showing a link between facial appearance and indicators of

underlying health and fertility, and also some very recent evidence which has

attempted to show a link between indicators of "direct benefits" (parental care) and

facial appearance.

1.1.3 Preferences for averageness

Many researchers have suggested that averageness should be found attractive because

it may reflect developmental stability, i.e. the ability to withstand stress during
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development (Thornhill & Moller 1997) and genetic heterogyzosity which may

increase disease resistance (Thornhill & Gangestad 1993).

Langlois & Roggman (1990) was the first to demonstrate that facial composites,

computer-generated by averaging a number of faces, were found more attractive than

the component faces. In addition, as more and more faces were added (up to 16), the

resulting composites became progressively more attractive. The study however was

criticized as the composites were not, in fact, truly average. They possessed non-

average features (large lips and eyes) because features were not aligned prior to

averaging. They also had smooth complexions as a result of the computer averaging

process, which are not average, and have been shown to be attractive features (Benson

& Perrett 1993 ). Subsequent studies remedied these problems, yet found that

composites remained attractive when features were aligned and when the same

complexion appeared on all the images (O'Toole et al. 1999; Rhodes & Tremewan

1996; Rhodes et al. 1999). Rhodes et al. (1999) also attempted to control for the

effects of symmetry, youthfulness and expression, and found this did not affect the

attractiveness of the average faces.

Studies using normal faces rather than computer generated composites have also

found that faces which are closer to the population average are rated as more

attractive than distinctive faces (e.g. Light et al. 1981, Rhodes & Tremewan 1996,

Rhodes et al. 1999). The attractiveness of individual faces has been shown to be

increased when moving their face and feature shapes towards the average shape for

their sex (O'Toole et al. 1999; Rhodes & Tremewan 1996; Rhodes et al. 1999);

likewise a face's attractiveness was reduced when moving its shape away from the
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average shape. Rhodes (2006) conducted a meta-analysis of what facial

characteristics are found attractive, and showed a large effect of averageness on

attractiveness. She found that effect sizes were larger for manipulated images than for

real faces, consistent with the idea that some features of average composites may not,

in fact, be average and instead represent an artifact of the computer averaging process.

However, clear effects of averageness on attractiveness were shown and the studies

reviewed here show that average faces are more attractive than many faces. However,

not all attractive faces are average, and in the following sexual on sexual dimorphism,

the evidence is reviewed that average faces are not optimally attractive.

1.1.4 Preferences for sexual dimorphism

Prior to puberty male and female faces are relatively similar. It is only at puberty

under the presumed influence of sex hormones that male and female faces diverge,

resulting in the sexual dimorphism of adult faces (Farkas 1988). In males,

testosterone is though to stimulate the growth of the jaw (width and length) and

browridges, whereas in females growth of these is thought to be inhibited by

oestrogen (Enlow 1990). As sexual dimorphism only increased at puberty, sexually

dimorphic facial features could be used as a cue to sexual maturity and thus

reproductive potential (Symons 1979; 1995; Thornhill & Gangestad 1996). Sexual

dimoiphism will also vary between individuals of the same sex, and this variation

may signal differences in quality.

One measure of quality may be parasite levels. In animals, the possession of

exaggerated sexual dimorphism may signal low parasite loadings (Hamilton & Zuk
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1982; M0ller 1990; Wedekind 1992). However Getty (2002) has suggested that high

parasite loadings may not necessarily reflect low quality and reviewed evidence that

animals possessing high quality sexual ornaments may have higher parasite loadings.

Another measure ofmale quality could be immunocomptence. Masculinity in male

faces, if it is a reliable indicator of high testosterone levels, could signal health and

immunocompetence (Thornhill & Gangestad 1993). Testosterone has been suggested

to be suppress the immune system and therefore only the most healthy males could

afford to possess high levels and express high sexual dimorphism (Folstad & Karter

1992). The evidence for this theory however is equivocal. While there is some

evidence in the animal literature than testosterone acts as an immunosuppressant

(Moller et al. 1999; Kurtz & Sauer 1999), there is also evidence that it actually

enhances immune activity (Tanriverdi et al. 2003). The disparity may come from

studies which use testosterone treatments which are shown to suppress immunity,

whereas animals which naturally possess high levels may have been able to afford

these high levels precisely because of their increased immunocompetence (Peters

2000).

Alternatively, masculine traits have been proposed to honestly signal dominance and

status (Mueller & Mazur 1996, Mazur & Booth 1998, Swaddle & Reierson 2002)

which enhances male mate value (Buss 1989). The proximate mechanisms linking

testosterone and dominance may be via increased aggression, competitiveness and

physical muscularity (Gray et al. 1991; Dabbs & Morris 1990; Dabbs & Dabbs 2001).

Many animals find sexually dimorphic traits attractive (Andersson 1994), and the

evidence is now reviewed for whether sexually dimorphic facial features are found

attractive in humans.

11



Femininity in femalefaces

The evidence is overwhelming in support of the contention that femininity in female

faces is found attractive. Perrett et al. (1994) demonstrated that the average

composite made of a sample of faces is found less attractive than the average of the

most attractive rated faces from the same sample. This showed that the optimally

attractive female face is not average, but possess more feminine features (e.g. a

smaller chin) than average. Perrett et al. (1998) further demonstrated that systematic

exaggeration of femininity increases attractiveness. Many other studies have

corroborated this finding that femininity is attractive in female faces whether feminine

traits are rated (Bruce et aL 1994; O'Toole et al. 1998; Rhodes et al. 2003; Koehler et

al. 2004), measured (Cunningham 1986; Johnston & Franklin 1993; Jones & Hill

1993; Cunningham et al. 1995; Koehler et al. 2004), or manipulated (Johnston &

Franklin 1993; Johnston et al. 2001; Rhodes et al. 2000). Many studies have also

shown this preference for female facial femininity in multiple cultures e.g. Asian

(Perrett et al. 1994; 1998) and Jamaican (Penton-Voak et al. 2004).

Masculinity in male faces

The evidence for preferences for masculinity in male faces is less straightforward than

that of femininity in female faces. The first study by Keating (1985) found that

masculinised faces (with square chins, thick brows and thin lips) were preferred to

feminised ones. More recent studies using facial images manipulated systematically

in sexual dimorphism (by varying the shape differences of an average male composite

12



from an averaged female composite) have demonstrated a general preference for male

faces that are feminised compared to a male average (Perrett et al. 1998, Rhodes et al.

2000, Penton-Voak et al. 2004). Perrett et al. (1998) suggest that this preference may

reflect a preference for more positive personality traits that were associated with

feminised male faces (e.g. warm, good parent). However, other studies using

transformed images have shown a general preference for masculinised male faces

(Johnston et al. 2001). DeBruine et al. (2006) suggest that the differing results are not

due to differences in methods employed to create the stimuli, as they demonstrate

positively correlated results using methods similar to the three most widely used.

They suggest differing results are due to individual differences in women's attraction

to masculinity.

Studies using normal, unmanipulated faces have yielded clearer results. Ratings of

masculinity have been shown to correlate positively with attractiveness (Gillen 1981;

Cunningham et al. 1990; O'Toole et al. 1998; Scheib et al. 1999; Rhodes et al. 2003;

Neave et al. 2003; Koehler et al. 2004). Studies using measured masculinity of traits

have also found that masculine traits can be attractive in male faces (Penton-Voak et

al. 2001; Schieb et al. 1999). A recent meta-analysis by Rhodes (2006) found that

masculinity is attractive for normal faces, but not for manipulated faces. Many other

studies have demonstrated the systematic variation in female preferences for male

masculinity that are dependent on characteristics of the female e.g. own attractiveness,

menstrual cycle stage, and relationship context. These are reviewed below in section

1.1.6.
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1.1.5 Preferences for Symmetry

Fluctuating Asymmetry (FA) is the measured deviation from perfect bilateral

symmetry of physical traits (Van Valen 1962). Asymmetries can occur due to toxins,

parasites or other environmental insults encountered during development, therefore

symmetry of physical features is though to represent a valid index of

immunocompetence (Gangestad et al. 1994). If symmetry reflects an individual's

ability to maintain good health, and this ability is heritable, then preferences for

symmetrical individuals are potentially adaptive (Thornhill & Gangestad 1999a;

1999b). In many animal species it has been shown that males with low FA are more

healthy and gain more mating success than more asymmetric males (Moller &

Thornhill 1997).

Many studies have been conducted to assess the role of facial asymmetry in human

facial attractiveness. Attractiveness judgements of real faces correlate with their

facial symmetry, with those more symmetrical faces being rated as more attractive

than less symmetrical faces (Grammer & Thornhill 1994; Mealey et al. 1999; Rhodes

et al. 1999; Scheib et al. 1999; Jones et al. 2001; Penton-Voak et al. 2001; Rhodes et

al. 2001; Fink et al. 2006). These results cannot, however, determine whether

symmetry is contributing to the attractiveness of the face, as there could be other

detectable cues which covary with facial symmetry. Indeed, subsequent studies have

shown that the relationship between facial symmetry and attractiveness of faces

remains even when the cues to symmetry are removed e.g. showing pictures of only

one side of a face (Scheib et al. 1999; Penton-Voak et al. 2001). Scheib et al. (1999)

found that male facial masculinity correlated with symmetry and proposed this was

14



the correlate responsible for influencing attractiveness. Gangestad & Thornhill

(2003) also found that facial masculinity correlated with body symmetry. However,

Penton-Voak et al. (2001) showed masculinity did not correlate with symmetry.

Jones et al. (2004), using images of cheek skin patches, showed that males with

symmetric faces were perceived as having healthier facial skin than males with less

symmetric faces. This result suggests that the correlate of symmetry responsible for

influencing attractiveness may be skin condition.

Although these findings suggests that it may in fact be correlates of facial symmetry

which influence attractiveness, studies using computer graphics to manipulate facial

asymmetry independently of other factors have shown that more symmetrical faces

are preferred to less symmetric faces (Rhodes et al. 1998; Perrett et al. 1999; Little et

al. 2001; Rhodes et al. 2001). These results do suggests that symmetry can influence

attractiveness and that "all else being equal", facial asymmetry is an attractive trait.

1.1.6 Individual differences in facial preferences

One of the most reliable findings in studies ofhuman attractiveness is the high level

of agreement between individuals on what is an attractive face (see Langlois et al.

2000 for meta-analysis). Although the preferences for the facial characteristics

reviewed in the above section constitute what is found attractive in humans, there is

also variation between individuals on what they find attractive. Indeed, everyday

experience tells us that we all do not always agree on who we find most attractive.

Many studies have attempted to isolate the systematic variation in facial preferences

and attribute it to individual differences of the perceiver.
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1.1.7 Condition dependence

There is evidence from several animal species that the phenotypic quality of an

individual affects mate choice. In sticklebacks, females prefer males with more

intense red throat colouration (reflecting low parasite load), but this preference is

modified by the condition of the female (Bakker et al. 1999). Females in better

condition (as indexed by high body weight to body size ratio) showed a stronger

preference for a high quality male, whereas those females of lower quality showed a

preference for a lower quality male (orange throated - reflecting higher parasite load).

Lopez (1999) demonstrated the same effect in guppies. Female guppies of high

quality (uninfected by parasites) showed a preference for high quality males (high

colour intensity) over a lower quality male (low colour intensity), whereas females of

low quality (infected by parasites) showed difference in preference between the high

and low quality males. Condition-dependent preferences based on parasite load have

also been shown in beetles (Thomas et al. 1999), amphipods (Thomas et al. 1996) and

birds (Moller 1994).

Condition dependent preferences have been more recently demonstrated in humans.

Little et al. (2001) showed that more attractive women (as indexed by self-rated

attractiveness) preferred more symmetric and masculine men's faces. Self-rated

attractiveness has been shown to be a reliable indicator of objective attractiveness in

that it correlates with ratings of attractiveness by others (Feingold 1988; Penton-Voak

et al. 2003). Penton-Voak et al. (2003) subsequently found that women with high

other-rated facial attractiveness and low waist-to-hip ratio (an attractive trait that
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reflects high fertility, Jasienska et al. 2004) prefer more masculine male faces than

those with low attractiveness.

As masculinity and symmetry are though to be indices of immunocompetence (see

Thornhill & Gangestad 1999a; Gangestad & Simpson 2000), it seems paradoxical that

all females would not show strong preferences for such traits. The answer may lie in

females making strategic tradeoffs made between long-term benefits (direct benefits)

from parental investment and short-term benefits (indirect benefits) in the form of

heritable genetic traits passed on to offspring. The energetic costs of raising human

offspring are high (Kaplan & Lancaster 2003) and therefore humans are essentially bi-

parental, where both parents are typically involved in the raising of offspring (Trivers

1985; Dunbar 1995). In other species with biparental care, males of high phenotypic

quality invest less in each female than males of lower quality. Male pine engraver

beetles of high quality (large males) have been shown to leave the female mate and

her nest sooner than lower quality (smaller) males (Reid & Roitberg 1995; Robertson

1998). Large males were shown to benefit by leaving earlier as they had a greater

potential for further reproduction than smaller males. The same logic has been

applied to humans, in that high quality men (possessing traits representing "good

genes" such as masculinity and symmetry) should also invest more time in mating

effort with other females than in parenting effort (Gangestad & Simpson 2000). It

therefore would be adaptive for lower quality females to show a preferences for lower

quality males, as the greater paternal investment may be of greater benefit to them and

their offspring than the genetic immunocompetence they could gain from mating with

higher quality males. Conversely, high quality females may show preference for high

quality males as high quality males may be less likely to desert higher quality
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females, and high quality females would suffer less from desertion as they would be

able to find another mate more easily than lower quality females.

Jones et al. (2005a) showed that women with high self-rated attractiveness showed

greater attraction to apparent health in faces than women with low self-rated

attractiveness. The study also found that women with high objective attractiveness

(other-rated attractiveness and low waist-to-hip ratio) preferred more healthy faces

than those with lower attractiveness. The authors suggest that reduced preference for

high quality (high health) male faces may help less attractive women increase the

likelihood of investment by partners, while increasing the range of potential partners

and friends with whom they can form successful relationships.

1.1.8 Reproductive strategies

Reproductive strategies may represent one source of individual differences in humans

which may affect facial preferences. Reproductive strategies can be conceptualised as

a dimension ranging from a high parental investment with low mating effort strategy,

to that of a low parental investment with high mating- effort strategy. The idea has

already been touched upon, that high quality males may benefit from possessing a

higher mating effort strategy with lower parental investment. Life history theory

attempts to understand how variation in the reproductive strategies adopted by

different animal species can be explained by their environmental niches they occupy

(e.g. Wilson 1975). Life history theory has also been used to explain variation within

a species including humans (e.g. Kaplan et al. 2000), whereby different individuals

express different strategies depending on the environmental context e.g. when
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resources are stable and predictable, a reproductive strategy of delayed maturation,

lower mating effort and higher parental investment will be optimal. In contrast, when

resources are unstable and unpredictable, a strategy will be favoured ofmaturing

early, higher mating effort and lower parental investment (e.g. Belsky et al. 1991).

Indices of the reproductive strategy employed include age at first reproduction and

number of offspring (Buss et al. 2000). Male reproductive strategies have been

shown to influence preferences for age in a partner. Men who desire greater numbers

of children prefer younger partners, interpreted as reflecting a preference for greater

reproductive capacity (Buss et al. 2000). Cornwell, Law Smith et al. (2006) showed

that male preferences for female femininity vary depending on one developmental

marker or life history trait; men's developmental speed (age at puberty and age of first

sex). Those males who developed early (physically and sexually) favoured more

feminine female faces. This could reflect a condition-dependent strategy, whereby

early developing males are more attractive, or possibly an assortative mating strategy,

whereby early developing males mate with early developing females. Mating with

similar individuals at levels above chance is called positive assortative mating (e.g.

Thiessen & Gregg 1980) and in many species of animal is the most widely

demonstrated mating pattern (Burley 1983).

Moore, Law Smith et al. (in review) found that women who desired a greater number

of children preferred more feminine male face shapes and had stronger preferences for

partner characteristics associated with paternal care over cues to immunocompetence.

It would seem that women wanting to have many children are trading off possible
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genetic benefits in favour ofmore direct benefits by preferring partners who are more

likely to invest in them and their children.

1.1.9 Temporal variation in preferences

The evidence has been reviewed that differences between individuals may affect

mating preferences, including condition of the individual and reproductive strategies.

There is also evidence that preferences within an individual can vary. Below is a

review of the evidence for menstrual cycle related variation in female preferences for

male characteristics including variation based on relationship context.

1.1.10 Menstrual cycle

The first study to demonstrate menstrual cycle related changes in women's

preferences for male faces was Penton-Voak et al. (1999). They showed that women

during the follicular phase of their menstrual cycle (most fertile phase) showed

increased preferences for masculine male faces. The authors interpret this result as

evidence that women may increase attraction to men displaying cues to heritable

immunocompetence (indirect benefits) during the period when conception is likely.

Indeed, Penton-Voak & Chen (2004) have confirmed that men with masculine faces

have higher circulating testosterone levels, and there is some evidence that men with

more masculine faces have better long-term health (estimated from medical records,

Rhodes et al. 2003). Conversely, when conception is unlikely, women prefer more

feminine faces as these are perceived as more likely to show parental investment

(Perrett et al. 1998). Evidence for this perception being accurate has been shown by
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Gray et al. (2002) who found men in relationships with higher testosterone levels

scored lower on a spousal investment measure than those with lower testosterone

levels.

The shift in menstrual preferences may enhance female reproductive success through

choice of feminine long-term partners who are willing to invest and less likely to

cheat or desert, but also being prepared to have short-term relationships with

masculine men to pass on genetic immunocompetence to offspring during the time

when conception is likely. This idea is supported by studies that show women are

more likely to have extra-pair copulations (Bellis & Baker 1990), fantasize about men

other than their partner (Gangestad et al. 2002), and report less commitment to their

partners (Jones et al. 2005b) during the late follicular (most fertile) stage of their

menstrual cycle. Also supporting this view ofmenstrual shifts as a mixed strategy

employed by women, is the finding that there is a larger menstrual cycle shift when

women are asked to judge male faces in terms of their attractiveness for a short-term

sexual relationship than for a long-term relationship (Penton-Voak et al. 1999;

Johnston et al. 2001).

Subsequent studies have replicated the finding of menstrual cycle shifts for

masculinity in faces (Penton-Voak & Perrett 2000; Johnston et al. 2001). Others have

looked at other markers ofmasculinity and found similar menstrual cycle shifts in

favour of enhance masculinity during the most fertile stage. Such studies have looked

at preferences for vocal masculinity in manipulated voices (Puts 2005; Feinberg et al.

2006) and masculine behaviours from video clips (Gangestad et al. 2004).
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More recent studies have examined menstrual cycle changes in attraction to faces

varying in apparent health (Jones et al. 2005a; Jones et al. 2005b). Jones, Perrett et al.

(2005) investigated menstrual cycle shifts in preferences for faces manipulated in

colour and texture cues to apparent health. They found that women in general

preferred increased levels of apparent health, but that preferences for health in both

male and female faces were stronger during the luteal (non-fertile) phase of the

menstrual cycle than the late follicular (fertile) phase. This effect was stronger when

male faces were judged for short-term partner rather than a long-term relationship.

The authors inteipret this finding as indicating that preferences for apparent health are

strongest when progesterone level is raised (i.e. in the luteal phase of the menstrual

cycle). Jones et al. (2005a) supported this conclusion by showing that progesterone

level, but not oestrogen level, was positively related to the strength of preference for

apparent health. In further support of this progesterone mediated preference for

health is the finding that pregnant women and women on the contraceptive pill (both

conditions where progesterone levels are raised, Gilbert 2000) showed increased

preferences for apparent health in faces (Jones, Perrett et al. 2005).

The ultimate function behind the progesterone mediated changes in preferences for

health has been suggested to be a compensation mechanism for maternal

immunosuppression during pregnancy. An increased aversion to signs of illness when

the body is pregnant or preparing for pregnancy (luteal phase) would be adaptive as it

would reduce the probability of infection and thus protect the developing foetus. In

support of this argument are findings that aversions to possible sources of food

contagions are increased during pregnancy (Flaxman & Sherman 2000; Fessler 2002).
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1.2 Human facial appearance as a signal of underlying health

An evolutionary perspective on human mating assumes that facial appearance reflects

some measure of underlying health or fertility, and thus may serve as a reliable cue to

identity healthy partners (Thornhill & Gangestad 1999a). Previous research has

shown that people with more attractive faces are perceived to have better health

(Grammer & Thomhill 1994). Cunningham (1986) found that men judge women

with more attractive faces to be more fertile and less likely to have medical problems.

More recent research has centered on attempting to validate these attributions by

demonstrating the link between facial appearance and underlying health using

different indices of "health".

1.2.1 Medical health and longevity

Kalick et al. (1998) conducted the most comprehensive study using lifetime health

records and adolescent black and white photographs for a large group of participants

(n=333). A health rating was calculated for each subject and for each time period by

medical researchers on the basis of clinical examination and medical records. Health

was rated on a five-point scale ranging from "no illness" to "severe illness." They

found adolescent facial attractiveness was unrelated to health at any stage of life for

both males and females. Perceived health rated from the photographs was, however,

weakly associated with medical health, and attractiveness was positively associated

with perceived health. Using the same images and methods, Rhodes et al. (2003)

found no correlation between rated facial femininity of adolescent photographs and

medical health in females, although ratings of males' facial masculinity were
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positively associated with medical health. Again using the same images, ratings of

facial averageness (a putative cue to a heterozygous genetic profile associated with

good health, see Thornhill & Gangestad 1993), were associated with medical health in

female adolescents but not male adolescents (Rhodes, Zebrowitz et al. 2001). The

link between facial appearance and medical health as assessed from medical records

appears subtle. There are also limitations with these studies as the photographs that

they used are in black and white, which may obscure some important cues to health.

Shackelford & Larsen (1999) used self-report measures of illness from participants

who recorded all symptoms of illness (e.g. headaches, runny nose) over a 4 week

period, and others ratings of the participants facial attractiveness. They found that

more attractive men had fewer cold symptoms (running nose and sore throat or

cough) than less attractive men, and more attractive women had fewer headaches than

less attractive women. The study also used an objective measure of natural fitness,

cardiovascular recovery time after exercise (controlling for amount of regular

exercise) and found that more attractive men were 'fitter' than less attractive men.

Henderson & Anglin (2003) investigated whether longevity related to ratings of

attractiveness and health in a sample of 50 black and white high school year book

photographs from the 1920s. Facial attractiveness, but not rated apparent health, was

found to predict future longevity; more attractive men and women lived longer.
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1.2.2 Genetic health

Recent research has turned to examining genetics as a measure of underlying health.

Brown (1997; 1999) has suggested that genetic quality may often be defined as

heterozygosity at certain genetic loci. Female preferences for genetic heterozygosity

in males could result in direct benefits, through reduced risk of disease transmission

or ability to accrue resources and provide paternal care (Kirkpatrick & Ryan 1991) or

indirect genetic benefits because heterozygous males have been shown to be less

vulnerable to infectious diseases (Carrington et al. 1999; McClelland et al. 2003; Penn

et al. 2002; Thursz et al. 1997) and therefore will pass on this genetic immunity to

offspring. In rhesus macaques, males who were heterozygous at a Class II locus

produce more viable offspring (Sauermann et al. 2001).

A particular set of genes which have been studied in relation to mate choice are genes

in the major histocompatibility complex (MHC). MHC is a highly polymorphic gene

complex which in humans is known as human leukocyte antigen loci (HLA). MHC

genes are known to encode proteins that play critical roles in the initiation ofmost

immune responses (Mungall et al. 2003). Individuals with MHC heterozygosity

should have high phenotypic quality as a result of their greater resistence to infection

and enhanced immunity. Preferences for mates with heterozygous MHC have been

shown in sticklebacks (Reusch et al. 2001). Thornhill et al. (2003) found that women

prefer the odours ofmen who are relatively heterozygous at MHC loci over the

odours ofmen who are less heterozygous.
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Roberts et al. (2005) found faces ofmen with MHC heterozygosity at three key loci

were rated more attractive by women than faces ofmen who are homozygous at one

or more of the loci. Faces of MHC heterozygotes were also perceived to be healthier.

Skin patches ofMHC heterozygotes were also judged to be healthier than

homozygotes. Skin health ratings correlated with whole face attractiveness,

indicating that skin condition might be the mediator by which MHC affects facial

attractiveness. Thornhill et al. (2003) found no link between facial attractiveness and

MHC heterozygozity in either men or women. This null result may be due to greater

ethnicity and age range of participants, which was more restricted in the Roberts et al.

(2005) study.

1.2.3 Reproductive health, fertility and hormone levels

When relating facial appearance to underlying measures of "health", reproductive

health or fertility is perhaps the most relevant when considering the domain ofmate

choice. Soler et al. (2003) investigated male fertility and facial attractiveness using

standard quality indices of sperm; morphology, motility and concentration. They

found that faces ofmen with better quality sperm (as indexed by morphology, motility

and overall principal component of all three parameters) were rated as more attractive

by female judges, than those with lower quality sperm. Comparable relationships

have been demonstrated in other many other animal species. Roldan et al. (1998)

showed that in one species of gazelle, males with more symmetric horns (lower FA)

had better quality sperm than more asymmetric individuals. Gomendio et al. (2000)

replicated this relationship between sperm quality and horn symmetry in three

different species of gazelle. Masvacr et al. (2004) found that abdominal colour was
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related to sperm quantity in Arctic Char (fish). These results suggest there may be a

link between genes that control phenotypic quality and those that regulate

spermatogenesis.

There has been no parallel research in women investigating how reproductive health

relates to facial appearance. The two main hormones that impact on reproductive

health are oestrogen and progesterone. Levels of both produced during menstrual

cycles have been demonstrated to be good predictors of success of conception

(Stewart et al. 1993; Lipson & Ellison 1996; Baird et al. 1997; Baird et al. 1999).

There are several mechanisms by which oestrogen and progesterone may mediate

increased fecundity or fertility. Oestrogen levels correlate with follicle size, oocyte

quality, thickness of endometrium (Eissa et al. 1986; Dickey et al. 1993) and

penetrability of cervical perfusion (Roumen et al. 1982). Progesterone is also

essential for endometrial maturation (Santoro et al. 2000) and cell growth (Chaffkin et

al. 1993). As oestrogen and progesterone represent an accurate index of fecundity or

reproductive health, they might provide useful measures of health to relate to facial

appearance. Therefore the first experiment in this thesis (Chapter 2) investigates how

facial appearance is related to urinary levels of oestrogen and progesterone

metabolites.

Although there has been no direct empirical test of relating reproductive hormones to

facial appearance in women, there are studies which provide some indirect evidence

for a link between hormones and facial appearance. The facial attractiveness

literature has consistently demonstrated that facial femininity increases attractiveness

of female faces, and that this is a cross-culturally stable preference (Perrett et al. 1994;
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Jones 1995; Perrett et al. 1998). The interpretation for this preference relies on the

assumption that facial femininity is oestrogen dependent, and so feminine faces are

preferred because they are indicative of youth and high fecundity.

A recent study of body shape and hormone levels by Jasienska et al. (2004) reported

that women with the body shape that is found most attractive by males (large breasts

and a low waist to hip ratio, e.g. Singh 1993; Henss 2000) have higher oestrogen

levels than other categories ofbody shape. They also found that waist to hip ratio

(WHR) related to progesterone levels; women with a more attractive (low) WHR have

higher luteal progesterone levels. This result, alongside the finding that rated

attractiveness ofwomen's bodies correlates highly with ratings of facial attractiveness

(Thornhill & Grammer 1999), generates the prediction that women with high

oestrogen and progesterone will also possess feminine attractive faces. A similar link

can be derived from the findings that women with high pitched voices have higher

oestrogen than those with low pitched voiced (Abitbol et al. 1999), and that men

prefer the faces ofwomen with higher pitched voices over those with lower pitched

voices (Feinberg et al. 2005).

Evidence for the proximate mechanism by which oestrogen levels may be related to

facial appearance comes from studies of bone growth. In many animal species,

including humans, the size of the skeleton is sexually dimorphic, with males having

larger skeletons than females (Alexander et al. 1979). Although the role of both

androgens and oestrogens in bone growth is complex, testosterone has been shown to

stimulate growth hormones in boys (Martin et al. 1968) and oestrogen has been shown

to suppress some forms of bone growth (Jones 1995; Grumbach 2000). Therefore
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both testosterone and oestrogen are likely to be responsible for the sexual dimorphism

seen in human facial structure (Enlow 1990). If testosterone is responsible for

promoting the growth ofmasculine features (wide jaw, large lower half of face,

pronounced brow ridge) and oestrogen is responsible for suppressing bone growth and

thus retaining facial features of childhood (small jaw, small lower half of face, large

eyes), then it can be predicted that a variation in levels of oestrogen between women

will relate to variation in facial appearance. A recent study in males has provided

evidence that men with higher salivary testosterone levels have faces that are rated as

more masculine than those with lower testosterone levels (Penton-Voak & Chen

2004). Roney et al. (2006) have subsequently replicated this finding that men's

testosterone levels were related to women's ratings of their facial masculinity.

1.2.4 Behavioural traits

A large amount of research has focused on identifying facial cues to underlying health

and fertility (as reviewed above) as these traits are considered to play an important

role in choosing a potential partner and successfully reproducing (e.g. Thornhill &

Gangestad 1993). However, health and fertility represent only one type of benefit that

potential mates may provide. Mate choice based on behavioural traits may also be

adaptive if the favoured behaviours could provide either direct or indirect benefits.

Direct benefits could, for example, include increased parental care, if one chooses a

partner who possesses a personality trait of liking children and wishing to have

children. Indirect benefits would include passing on that favourable behavioural trait

to offspring. There is evidence of physical cues to parental investment in some

animal species. Male house finches with more red colouration in their feathers bring
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food to the nest at a higher rate than dull males, and are preferred by females (Hill

1991).

In humans both parents are typically involved in the raising of offspring (Trivers

1985; Dunbar 1995). Therefore maternal and paternal care tendencies are likely to be

favoured behavioural traits for the provision of 'direct' benefits. Thus if any physical

correlates of these traits are present, e.g. in facial appearance, then these

manifestations may influence mate choice. Recent studies have shown that maternal

tendencies in women (liking children and rating having children as important) are

related to certain physical traits. Law Smith & Deady (2004) and Deady & Law Smith

(2006) demonstrated that shorter women rate having children as more important and

wish to have more children than taller women. The proximate mechanism behind this

association is suggested to be testosterone levels during puberty, which would impact

on both physical masculinisation (height) and psychological masculinisation

(nurturing behaviour). Deady, Law Smith et al. (2006) add support to this

interpretation by showing that women who are more maternal have lower salivary

testosterone levels. Law Smith et al. (2006; published abstract) also showed that self-

reported maternal tendencies related to facial appearance, in that women who had

higher maternal tendencies had faces rated as more feminine than those lower in

maternal tendencies. The proximate mechanism linking maternal tendencies and

facial appearance is likely to be oestrogen levels, which were found to be higher in

those women with higher maternal tendencies (Law Smith et al. 2006).

A recent study has investigated the same idea that there may be cues to parental care

in facial appearance in men (Roney et al. 2006). Roney et al. found that women's
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ratings of men's faces for how much they liked children could predict the men's

actual scores on an 'interest in infants' test. Therefore there must be some type of

cues to paternal tendencies present in the face that are detectable, although this study

did not demonstrate what these cues are. Those men who were more paternal and

perceived as more paternal were rated as more attractive by women for a long-term

relationship.

Other behavioural traits that have been investigated in relation to facial appearance

are personality variables related to mental health. Shackelford & Larsen (1997) found

that men with more asymmetric faces were more depressed and emotionally labile

than those with more symmetrical faces, although they did not find any relationship

between these measures in women.

The first two experimental chapters in this thesis investigate human facial appearance

as a signal of underlying hormonal health. Chapter 2 investigates whether female

facial appearance is related to urinary oestrogen and progesterone levels, and Chapter

3 investigates whether male facial appearance is related to salivary testosterone and

Cortisol levels.

1.3 Human skin colouration - a role in mate choice?

Skin colour is one of the most conspicuous ways in which humans beings can differ

from one another. The colour of a person's skin seems to be the most salient facial

characteristic due to its perceptual simplicity. Skin colour is low level information

that can be seen at a distance before other facial features are visible. Racial
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differences in skin lightness that reflect geographical origins, however, are only one

source of variation that exists. Females are universally lighter than their male

counterparts; this dimorphism has been recorded in human populations covering most

areas of the world. Skin colour also seems to have an inherent role in looking healthy

or unhealthy. Pallor is often used as a source of symptomology in medical conditions

and many references to colour are invoked in common use of language when

describing health status e.g. 'feeling offcolour'.

Chapters 4 to 8 are based on the general hypothesis that facial colouration contributes

to attributions about an individual e.g. how healthy or attractive that individual is.

The aim of these studies is to investigate firstly how colour is related to attributions

(health, attractiveness, dimorphism, Chapter 4; and age and perceived age in Chapter

8). Secondly whether these attributions are accurate; does facial colouration relate to

measures of actual health such as hormonal profiles? (Chapter 5). Thirdly, is skin

colour independently used as important factor that reflects healthiness of a face?

(Chapter 6). If facial colouration is an honest indicator of something good and useful

and if, most importantly, these representative differences in the face are detectable by

the human eye, facial colouration may play an important role in human mate choice.

The following literature section covers firstly the evidence for variation in skin colour

in humans, answering the question ' What variation in skin colour exists?' Secondly,

the proximate mechanisms of skin colouration are described, that is, which pigments

contribute to the colouration of human skin and also what mechanisms control this

pigmentation, thus answering the question of'how is the variation in skin colour

caused?' Thirdly to address the question ' Why is there variation in skin colour?' this

32



review covers the theoretical ideas about the ultimate function of skin colouration and

the available supporting evidence is presented. Finally, the research conducted that

already links skin colour and attractiveness attributions is reviewed in order to

consider if and how skin colour is used as a criteria in human mate choice.

1.3.1 Evidence for variation in skin colour

1.3.1.1 Racial differences

The most obvious source of variation in skin colour is racial differences. Skin colour

correlates strongly with latitude (Roberts & Kahlon 1976) and with the intensity of

ultra-violet radiation reaching the Earth's surface (Jablonski & Chaplin 2000) see

Figure 1.1.

-20°N. -•

equator

Human Skin Color Distribution

Figure 1.1 Human skin colour distribution; Data for native populations collected

byR. Biasuttiprior to 1940 (from http://anthro.palomar.edu/adapt/adapt_4.htm)
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1.3.1.2 Sex differences

The concept of a sexual dimorphism in skin colour, with females being lighter, has

been evident in literature and art since records began (for excellent review, see Frost

1988 or Frost 2005). Darwin (1871) in Descent ofMan noted that women ofAfrican

races differ in tint from the men, and that this difference could not be attributed to

exposure as women work outdoors as much as men. There are numerous early

anthropological reports of this sex difference, in many different cultures. Hyades &

Deniker (1891) found post pubescent Feugian females from South America to be

lighter-skinned than males of the same age. The same sex difference has also been

reported in the Inuit of Greenland (Thalbitzer 1914) and Americans of British descent

(Hrdlicka 1922).

In the 1950s spectrophotometry was introduced into physical anthropology and skin

colour was able to be measured objectively. Edwards & Duntley (1939) confirmed

the existence of a sexual dimorphism in skin colour using spectrophotometry. Further

studies ofmany populations have since shown that female skin reflectance (light not

absorbed by pigments) is 2-3 percentage points above that of males. Van den Berghe

& Frost (1986) reviewed all the spectrophotometric studies on sexual differences in

skin colour. They found post-pubertal sexual dimorphism in skin pigmentation, with

females being lighter, documented in 32 groups covering every major inhabited area

of the world; for example, in Europe (Relethford et al. 1985), in Asia (Mori &

Tokuhashi 1956), in Australasia (Harburg et al. 1982), in Africa (Barnicot 1958) and

in North America (Conway & Baker 1972) and South America (Harrison & Salzano
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1966; Conway & Baker 1972). Only two studies were found showing results in the

opposite direction, but both show design flaws; one has a very small female sample

size (from a Jordanian village: Sunderland 1967), and the other did not match groups

on age (a Belgian sample: Leguebe 1961). Most of these studies tested areas of the

inner arm skin, therefore providing a measure of constitutive pigmentation or inherent

pigment, largely unaffected by environmental influences.

Facultative pigment or tanning also differs between the sexes. Flarvey (1985) found

that Papua New Guinean men tanned more than women did even though both groups

spent the same amount of time outdoors and covered their bodies similarly. Hulse

(1967) showed that Japanese male skin got darker much more than females as he went

from the northern to the southern parts of the country, i.e. with more intense UV

radiation, the men tanned more readily than the women did. Walsh (1964) found that

sun exposure increased pigmentation more in New Guinean men than women on their

foreheads. However, in people with low pigmentation, the sex difference in less,

perhaps as female lightening at puberty reaches the limit whereby further

depigmentation is impossible. On exposed skin, however, adult male darkening will

continue at a faster rate than females. This was shown by Rigters-Aris (1973) who

found that there was no difference in Dutch men and women on their upper arm, but

males were significantly darker on the forehead.

More recent research in sexual dimorphism in skin colour has focused on face

discrimination. Hill et al. (1995) found that colour was a better determinant than

shape for deciding sex of a face, by removing shape cues through 'spreading' the

faces flat. However, stubble cues to sex would still have been visible. Tarr et al.
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(2001; published abstract) also found that observers could use colour information to

determine sex, if other cues (e.g. face structure, hair, beard, overall luminance) were

degraded. They created an algorithm that could classify sex accurately, over 75%,

based on overall red:green ratio (with men having higher R:G values). This suggests

there is also a sexual dimorphism in colour hue in the face. To further support this,

the algorithm could not discriminate between children's faces, and neither could

observers. Tarr et al. (2001) also found that overall luminance (lightness) could be

used to discriminate sex in adults, but not as accurately as the red:green ratio. This

research suggests that looking at the hue of colour in the face (and thus the types of

pigments present) may be as important as the luminance of the skin in how face

colour relates to sex.

1.3.1.3 Age differences

In addition to race and sex, age has also been shown to have an influence on skin

colour. From the end of infancy to the onset of puberty, skin colour progressively

darkens in both sexes (Banerjee et al. 1983). There is no sex difference in colour in

children. During adolescence females lighten, as a result, there is a stable sex

difference in adulthood with females being lighter than males (Mesa 1983). The

sexual differentiation of skin colour at puberty has been documented cross-culturally;

in white Americans (Gam et al. 1956), Irish schoolchildren (Relethford et al. 1985),

Yemenite Jews (Hulse 1968), Japanese (Mori & Tokuhashi 1956), Polynesions

(Harburg et al. 1982), Quechua Indians (Conway & Baker 1972), Dogons (Huizinga

1965) and black Bahamians (Mazess 1967).
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Skin colour darkens with progressing age in adulthood through exposure to UV

radiation (Green & Martin 1990). Kelly et al. (1995) used in vivo methods to

demonstrate that elderly facial skin, particularly in men, was significantly darker than

young skin, also demonstrating that older skin was redder than young skin.

Increasing red with older age may reflect appearance of broken capillaries or

increasing blood pressure causing the face to appear ruddy (Wipperman et al. 1987).

Comparative data from the chimpanzee supports the effect of age. In all chimpanzee

groups, facial pigmentation increases with age and exposure to UV radiation (Post et

al. 1975), even though exposed areas of skin vary considerably in their colouration

between subspecies.

1.3.2 Proximate mechanisms of skin colouration

1.3.2.1 What pigments colour the skin?

Human skin is composed of the dermis covered by the epidermis. Skin colour

depends largely on the properties of its epidermis, which acts as an optical filter. The

colour perceived is the result of light falling on the skin being transmitted, absorbed,

diffused or reflected in different proportions, as determined by the presence of

chromophores (light absorbing molecules). The chromophores present in the skin

consist ofmelanin, carotenoids, and haemoglobin. There are two types of cell in the

epidermis - the keratinocytes, and a smaller number of melanocytes scattered

throughout the basal layer. Melanocytes contain two types ofmelanosomes

(organelles) which make and store the two types ofmelanin. Eumelanosomes make

eumelanin (black, brown), and pheomelanosomes make pheomelanin (red, yellow).
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When mature the melanosomes are secreted by the melanocytes into the neighbouring

keratinocytes. It is the size, abundance and distribution ofmelanosomes within the

keratinocytes that determines the racial differences in skin colour (e.g. Robins 1991).

Although, melanin accounts for most of the global variation in the colour of human

skin, there is also a contribution from haemoglobin in blood which provides red

colouration via the vascular network of micro capillaries in dermis of the skin

(Braverman 1983). Oxyhaemoglobin imparts a bright red colouring, whereas reduced

haemoglobin imparts a bluish colour. In areas like the face where arterial and

capillary blood supply predominates, skin colour will tend to be reddish. Under

conditions of vasodilation, the skin will become redder because of the presence of a

larger quantity of oxyhaemoglobin (Anderson & Parrish 1981). Supporting evidence

for the impact of haemoglobin comes from Greksa (1998) who found a greater

vascularity related darkening of skin colour (but no difference in melanin) in Bolivian

highlanders compared to lowlanders, which reflects the higher haemoglobin

concentrations that are typical of highland populations.

Studies using chromameters have shown that there are objective measures of human

skin colour which are related to the different pigments present. Tristimulus

chromameters utilise the Commission Internationale de l'Eclairage (CIE) L*a*b*

colour system to determine skin colour objectively. L*a*b* is different from other

colour systems, e.g. Red Green Blue (RGB), in that it corresponds with the human

visual system. Although the three types of cones in the retina of the eye respond to

red, green and blue, at the higher level of visual processing two opponent colour

dimensions are perceived (red versus green, and blue versus yellow). The colour

differences that the L*a*b* system measures have also shown to be visible in the skin
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(Vander Haeghen et al. 2000). L* measures skin luminance or reflectance (lightness);

this is a grey scale where the minimum value is black and the maximum value is

white, a* measures the colour hue ratio from red to green, and b* measures the colour

hue ratio of yellow to blue. Studies in Caucasian subjects have reported close

associations between chromameter a* values (redness) and blood flow or erythema in

the skin (Seitz & Whitmore 1988; Muizzuddin et al. 1990). Similarly, it has been

shown that both L* (lightness) and b* (yellowness) values are closely associated with

melanin content and tanning (Seitz & Whitmore 1988; Takiwaki et al. 1994). Recent

research has also demonstrated that these pigments are related to the same colour

components in photographic images (Tsumura et al. 1999; 2000; 2003; Gerald et al.

2001). Tsunrara et al. (1999) separated the distributions ofmelanin and haemoglobin

in human skin using independent components analysis (ICA) of skin colour images.

Gerald et al. (2001) showed that blood flow differences across breeding season can be

reliably measured from colour images of primate sexual skins (using RGB)

comparing the results with direct measurements using a colorimeter.

Although melanin and haemoglobin are thought to constitute the majority of skin

colouration, there is also mounting evidence to suggest that a third class of pigments,

carotenoids, also have a significant influence on human skin colour. Carotenoids such

as beta-carotene and lycopene are highly coloured (yellow-red), fat-soluble

antioxidants that are found in a wide variety of fruit and vegetables. Consumed as

part of the human diet, they enter the blood stream and are distributed to various

organs, including the skin, where they have been detected in all layers (Lee et al.

1975; Prince & Frisoli 1993). Alaluf et al. (2002) have also shown that carotenoids

from a normal (unsupplemented) diet contribute to endogenous UV protection in
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Caucasian skin; and that the yellow component (b* value) is closely associated with

carotenoid levels in the skin in multiple body sites. Other studies using

supplementation with natural carotenoids have demonstrated increased UV protection

(e.g. Lee et al. 2000). As epidermal melanin also contributes significantly to b*

values, it is likely that in darker skin types (non-Caucasian) the relative influence of

carotenoids may diminish against the greater level ofmelanin in the skin. But in

lighter skins, both carotenoids and haemoglobin are likely to be more visible, thus

will likely contribute to more of the individual variation in lighter skin colour (Kollias

& Baqer 1988).

1.3.2.2 What controls pigmentation of the skin?

The proximate causes of lighter skin have been suggested to be hormonal. The sexual

dimorphism in skin lightness has been shown to result from differences in all the

pigments of human skin (Edwards and Duntley 1939). The existence of a sexual

dimorphism, along with the evidence that the difference only arises at puberty (see

age section), strongly indicates the influence of sex hormones. Frost (1988) suggests

that female skin colour fluctuates with the menstrual cycle, being lightest near

ovulation, and darkening during infertile phases. Skin has also been found to darken

during pregnancy (Wong & Ellis 1984) and while taking hormonal contraceptive pills

(Steinberger et al. 1981). Recent research has also related 2nd to 4th digit ratio (a

measure of prenatal hormones) to skin colour in females; with women with lighter

skin having "feminised" digit ratios (Manning et al. 2004). These results implicate

the role of reproductive hormones, and may suggest a relation between oestrogen and

progesterone and skin colour. The rise and fall of progesterone controls fertility and
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ovulation in females, and it thought of as one of the main pregnancy hormones as it

remains at a high level in pregnancy (Burkit et al. 1993). Cell research has shown that

oestrogen and progesterone may be involved in skin pigmentation by stimulating the

enzyme activity involved in the production ofmelanin (Maeda et al. 1996).

Although the research on skin hue is limited compared to that on skin luminance, the

primate literature contains many studies looking at skin colour as it often forms an

important part of their sexual characteristics. Adult males ofmany Old World

monkey species are highly coloured, usually involving the 'sexual skins' on the face

and anogenital regions (Dixson 1998). The seasonal changes in sex skin colour have

been correlated with changes in testicular histology (Vandenbergh 1965). In

mandrills (Mandrillus sphinx) gaining alpha rank resulted in increased circulating

testosterone and reddening of the sexual skin on the face and genitalia. Experiments

using castration caused a decrease in redness in sex skin, which can be restored by

administration of testosterone or oestrodiol (Michael & Wilson 1974). Oestrogen has

also been linked to sex skin changes in female non-human primates; becoming pale in

rhesus macaques after overiectomy (Herbert 1970). In pigtail macaques sex skin

redness peaks have been shown to be an index of the onset of ovulation (Bullock et al.

1972). Bercovitch (1992) found increased levels of oestradiol have also been found in

male rhesus macaques just before the breeding season when the sex skins redden.

Rhodes et al. (1997) demonstrated that the reddening in male rhesus macaque sex

skins results from an increase in epidermal blood flow. Rhodes et al. (1997) also

showed that oestrogen controls sex skin redness, and testosterone acts indirectly

through conversion (via aromatisation) to oestrogen. Application of testosterone or

oestrodiol increased redness in male rhesus macaques sex skins, whereas
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dihydrotestosterone (a non-aromatisable androgen) did not increase redness. A

aromatise inhibitor, fadrozole, which blocks the conversion of testosterone to

oestrogen was also shown to decrease sex skin redness. With these results in

primates, it seems plausible that hormonally regulated colour changes could provide a

cue to quality in humans.

The stress hormone Cortisol has also been linked to skin colouration abnormalities in

humans. Cortisol is a glucocorticoid that is produced by the adrenal cortex. Cortisol

mobilizes nutrients, modifies the body's response to inflammation, stimulates the liver

to raise the blood sugar, and also helps to control the amount ofwater in the body.

Severe or total deficiency of production of Cortisol, cased by destruction of the

adrenal cortex, is called Addison's disease (primary adrenal insufficiency), with the

most visible symptom being a darkening of the skin. The skin darkens due to the

increase in circulating adrenocorticotrophic hormone (ACTH), produced in the

pituitary gland, which usually stimulates production of Cortisol from the adrenal

cortex. ACTH is a derivative of propriomelanocortin and when levels are raised,

melanin production is stimulated (Hadley & & Haskell-Luevano 1999). There is also

some evidence that another skin disorder, Vitiligo, is linked to increased levels of

Cortisol. Vitiligo is a condition in which the skin turns white due to the loss of

melanocytes. The melanocytes self-destruct, due to an autoimmune reaction in which

the body mistakenly attacks its own cells. Severe stress is known to provoke the onset

or progression of vitiligo. Repigmenting treatment has been shown to significantly

reduce plasma Cortisol levels (Radakovic-Fijan et al. 2001).
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1.3.3 Ultimate function of skin colour

1.3.3.1 Why does the skin need to be coloured?

Humans are distinct among the primates in that our bare skin is exposed, whereas all

other primates are covered in hair. The evolution of hairlessness is commonly

accounted for by physiological models; which have demonstrated that naked skin

affords a thermoregulatory advantage (Wheeler 1996), which some argue was a

necessary prerequisite for brain expansion and the higher activity levels of bipedalism

(e.g. Montagna 1981). However, alongside this solution of hairlessness, came the

problem of sun protection. UV radiation has many destructive effects on the skin

including sunburn, which disrupts thermoregulation, and skin cancer. UV also causes

breakdown of folate, which is an essential metabolite for normal reproductive

development (Mathur et al. 1977; Bower & Stanley 1989). Therefore, as the density

of body hair decreased, the need for protection against the effects ofUV radiation also

increased. This protection was accomplished by an increase in melanisation of the

skin. Melanin acts as a photoprotective filter blocking UV light from damaging

subepidermal tissues (Daniels 1959). Melanin also protects against UV-induced

photolysis of folate (Branda & Eaton 1978).

Skin colour correlates strongly with latitude (Roberts & Kahlon 1976) and with the

intensity of ultra-violet radiation reaching the Earth's surface (Jablonski & Chaplin

2000). Many hypotheses that attempt to explain the correlation between latitude and

skin colour invoke natural selection. Mackintosh (2001) suggests that as melanin

functions as a barrier against skin pathogens, the high pathogen load in the tropics
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may be an important factor in the evolution of dark skin; citing evidence that many

animals not requiring UV protection have highly melanised skin e.g. those with thick

fur (dogs and seals) and nocturnal animals (bats). However, the most researched

hypothesis for the evolution of dark skin via natural selection is the 'vitamin D'

hypothesis (Murray 1934; Loomis 1967). Vitamin D is known to be necessary for

calcium metabolism and is principally synthesised in the skin when irradiated by UV

light. Deficiency of vitamin D causes rickets in infants and children and osteomalacia

in adults whereas ingestion of excess vitamin D in food supplements has a toxic

effect, 'hypervitaminosis'. Since melanin in the skin filters out the UV radiation, it

has been argued that vitamin D synthesis would be compromised in dark-skinned

humans at high latitudes where the UV intensity is low, therefore providing a positive

selection pressure for light skin. On the other hand, the original hypothesis suggests

that overexposure to UV light results in hyerpvitaminosis and thus dark skin is

claimed to protect against the strong UV radiation at low latitudes. This suggestion of

the adaptive significance of dark skin is no longer widely accepted, as there is now

evidence that hypervitaminosis cannot result from overexposure to UV light (Holick

etal. 1981).

Recently the arguments for the adaptive significance of light skin via its protection

against rickets has also been heavily criticised (Robins 1991). Wells (1975)

suggested that rickets can be regarded as a disease associated with smoke-polluted

industrial European cities, and so would have been less prevalent threat among hunter

gatherers or farmers whose activities are conducted outdoors. Beadle (1977)

calculated that even dark-skinned people at high latitudes would have been able to

synthesise vitamin D during the summer months, and this would be sufficient as the
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human body is known to be capable of storing vitamin D (Mawer et al 1972).

Recently, Jablonski & Chaplin (2000) recalculated the production of vitamin D in

different skin types in different zones, and showed black Africans would be at risk for

severe vitamin D deficiency in areas outside ofCentral Africa and the Peruvian

Andes. However, by their own admission, during the summer months vitamin D

would be able to be synthesised in the skin and then stored. One should be cautious

not to dismiss the vitamin D synthesis benefits of light skin too lightly, as recently

reanalysis ofmany recommended daily amounts (RDAs) have led to revised

estimated higher than previously documented (Glerup et al. 2000).

Recent alternative hypotheses have focused on sexual selection as the pressure for

lighter skin (Ihara & Aoki 1999; Aoki 2002). Nei (1985) has shown that the time

required for light skin to evolve via natural selection from its original dark colour is

much longer than the estimated divergence of Africans and Europeans. Aoki (2002)

suggest that as traits can evolve rapidly via sexual selection, that sexual selection for

light skin balanced against natural selection for UV protection. Sexual selection is

proposed to operate via a preference for lighter skin in females, as a preference for

youth and fertility. The evidence for universal preferences for relatively lighter skin

will be reviewed below in the attractiveness section.

Alluding to an ultimate function of paler skinned females, Jablonski & Chaplin (2000)

invoke the vitamin D hypothesis to explain the sexual dimorphism in skin colour.

Lighter skin may permit synthesis of the relatively high amounts of vitamin D3

necessary to allow calcium absorption during pregnancy and lactation (Whitehead et

al. 1981). Others have suggested the function to be infantile mimicry, to protect adult
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females from male aggression or neglect (Frost 1988). In most primate species where

the sexes differ in body colour, the female is the one that retains the lighter

colouration of the infant (Alley 1980). Darwin (1871) suggested that paler skin in

women is attractive because it signals youth. The signalling value ofmany female

body features is linked to age and reproductive condition, both of which correspond to

oestrogen levels (Symons 1995; Thornhill & Grammer 1999). Van den Berghe &

Frost (1986) propose that pale skin is preferred as it distinguishes fertile post

pubescent females from infertile prepubescent ones.

1.3.4 The role of colour in mate choice

Very few studies have been conducted on the role of skin colour in facial

attractiveness and skin colour, with most research concentrating on shape cues;

averageness (e.g. Langlois & Roggman, 1990), symmetry (e.g. Perrett et al. 1999) and

sexual dimorphism (e.g. Perrett et al. 1998). However, skin texture has been shown to

be a very important component of attractiveness and health (e.g. Fink et al. 2001), and

has recently been proposed to be a correlate of symmetry which explains its effects on

attractiveness judgements (Jones et al. 2004). However the idea that skin colour may

be important in attractiveness is not new. Darwin (1871) believed that skin colour is

an important criterion ofmate choice in humans and also believed that racial

differences in skin colour were caused by sexual selection rather than natural

selection.
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1.3.4.1 Male preferences for female skin colour

Aristotle alludes to a perception ofwomen with lighter skin as feminine and attractive

".. .in fair-skinned women who are typically feminine, and not in dark women of a

masculine appearance". Anecdotal evidence ofmale preferences for lighter female

skin has been reported for Chinese peasants (Osgood 1963), Japanese men

(Wagatsuma 1967) and Hopi Indians (Talayesva 1942). Van den Berghe & Frost

(1986) reviewed the standards of beauty for evidence of skin colour preference, using

the Human Relations Area Files. Out of the 51 cultures which mentioned skin colour,

47 state a clear preference the lighter end of the locally represented spectrum, with the

remaining 4 cases with ambiguous references to colour (none showed an unequivocal

preference for darkness). Van den Berghe & Frost also noted a clear sexual

asymmetry, where relatively light skin colour is regarded as a desirable trait for

females in 44 societies, but the same is true of males in only 17 societies.

The first empirical study to look at skin colour and attractiveness was by Feinman &

Gill (1978). They surveyed skin colour preferences and aversions using

questionnaires on a large sample of Caucasian undergraduates at the University of

Wyoming; consisting of 482 females and 549 males. Most individuals regardless of

sex preferred 'medium white that tans to gold", which is the fourth lightest (fifth

darkest) category on the list. Both sexes therefore seem to prefer a slightly lighter-

than-average skin colour, but there is also a clear sex difference in aversions; more

males than females dislike black, and less males than females dislike the two lightest

shades. However, as the study was conducted using only white students, and using

47



category labels rather than actual photographs of people, the validity of the results are

questionable.

A recent study has cast doubt on the evidence for male preferences for lighter skin.

Fink et al. (2001) found females with lighter skin were rated as less attractive. Fink et

al. also looked at colour hue and found those with more blue and more green in their

skin were rated as less attractive, although only the association with blue was

statistically significant. Saturation was significantly positively related to

attractiveness; those with more colour in their skin were seen as more attractive. Fink

et al. think the luminance and saturation results may be explicable in terms of a

preference for suntanned skin, which is often described as desirable in modem

western society. Etcoff (1999) suggests tanned skin may be an honest signal of status

when it is obtained through the luxury of leisure time. Zahavi & Zahavi (1997) also

postulate that a healthy red colouring of the cheeks in climatically cold regions could

be an honest indicator of health. As peripheral blood vessels usually contract when it

is cold (hypocirculation), a red colouration of the skin under cold conditions

demonstrates that the carrier is bearing a physiologically expensive feature (handicap

principle).

1.3.4.2 Female preferences for male skin colour

Osgood (1963) study of Chinese peasants showed that the "ideal man differed... with

expectation that a man's skin would be darker". In medieval literature, the favoured

complexion seems to reflect which qualities are sought in a male; "beautiful is he of

fair complexion; virile and strong, he of brown" (cited by Curry 1916). Wagatsuma
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(1967) also noted that most Japanese women like light-brown-skinned men, seeing

them as more masculine than pale-skinned men.

Experimental evidence for a female preference for a more masculine colouration was

found in an experiment by Frost (1994). Colour of identical photographs was

manipulated by leaving a copy of each photo to develop longer. Females in the fertile

phase of the menstrual cycle preferred the darker male face out of a forced choice pair

significantly more than women in the non-fertile phases. This shifting preference for

masculinity when most fertile, is consistent with facial attractiveness research (e.g.

Penton-Voak et al. 1999). These cyclic studies were reviewed in the previous section.

The literature seems to suggest a female preference for male darkness and for female

lightness, although not all studies support this conclusion. There has only been one

study to date looking at hue and attractiveness (Fink et al. 2001), and this was only

conducted in females.

1.4 Summary of experimental chapters

The experiments contained in this thesis take an evolutionary approach to the study of

human attractiveness - attempting to uncover some of the cues to underlying health

available in the face. In the first two experimental (chapters 2 and 3) I explore how

perceptions of facial appearance relate to biological markers of health - hormone

levels. In Chapter 2 I investigate female facial appearance and urinary oestrogen and

progesterone metabolite levels. In Chapter 3 I investigate male facial appearance and

salivary Cortisol and testosterone levels. Chapters 4 to 8 investigate one specific cue
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present in the face - skin colouration. Chapter 4 explores sex differences in facial

colouration, and also how coloration relates to perceptions of attractiveness, health

and sexual dimorphism. Chapter 5 investigates how facial colouration relates to

underlying hormone levels. Chapter 6 describes a manipulation experiment, to

independently alter the colour dimensions of the face, while leaving all other features

constant, in order to discover the impact of colour alone on perceptions of healthiness,

Chapter 7 investigates sex differences in one particular cue, the luminance difference

between the lips and the rest of the face, and also how this cue relates to perceptions.

In the final experimental chapter (chapter 8) I investigate how facial colouration and

distribution of colouration relates to age and perceived age.
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2 Female facial appearance and reproductive hormone levels in

women

This chapter is adapted from the following published paper:

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 ofthe

Royal Society London B, 273, 135-140.

2.1 Introduction

An evolutionary approach to facial attractiveness proposes that male preferences for

feminine female faces (Jones 1995; Perrett et al. 1994, 1998; Rhodes et al. 2000) reflect

an adaptation to identifying healthy and fertile mates (Thornhill & Gangestad 1999).

Previous studies that have tried to link facial appearance to health as assessed from

medical records have produced equivocal results (Kalick et al. 1998; Rhodes et al. 2001;

Rhodes et al. 2003). Those studies using more objective, physiological measures of

health, such as genetic markers of immunity (Roberts et al. 2005) and sperm quality

(Soler et al. 2003) have produced better results.

In females, reproductive health as indexed by hormonal profiles may also represent an

objective measure of health. The two main hormones that impact on reproductive health

and fertility are oestrogen and progesterone. Levels of both produced during menstrual
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cycles have been demonstrated to be good predictors of success of conception (Stewart et

al. 1993; Lipson & Ellison 1996; Baird et al. 1997; Baird et al. 1999). As oestrogen and

progesterone represent an accurate index of fecundity or reproductive health, they might

provide useful measures of health to relate to facial appearance.

Although there has been no direct empirical test of relating reproductive hormones to

facial appearance in women, there are studies which provide some indirect evidence for a

link between hormones and facial appearance. The facial attractiveness literature has

consistently demonstrated that facial femininity increases attractiveness of female faces,

and that this is a cross-culturally stable preference (Perrett et al. 1994; Jones 1995; Perrett

et al. 1998). The interpretation for this preference relies on the assumption that facial

femininity is oestrogen dependent, and so feminine faces are preferred because they are

indicative of youth and high fecundity.

A recent study of body shape and hormone levels by Jasienska et al. (2004) reported that

women with the body shape that is found most attractive by males (large breasts and a

low waist to hip ratio, e.g. Singh 1993; Henss 2000) have higher oestrogen levels than

other categories of body shape. They also found that waist to hip ratio (WHR) related to

progesterone levels; women with a more attractive (low) WHR have higher luteal

progesterone levels. This result, alongside the finding that rated attractiveness of

women's bodies' correlates highly with ratings of facial attractiveness (Thornhill &

Grammer 1999), generates the prediction that women with high oestrogen and

progesterone will also possess feminine attractive faces.
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Evidence for the proximate mechanism by which oestrogen levels may be related to facial

appearance comes from studies of bone growth. In many animal species, including

humans, the size of the skeleton is sexually dimorphic, with males having larger skeletons

than females (Alexander et al. 1979). Although the role of both androgens and

oestrogens in bone growth is complex, testosterone has been shown to stimulate growth

hormones in boys (Martin et al. 1968) and oestrogen has been shown to suppress some

forms of bone growth (Jones 1995; Grumbach 2000). Therefore both testosterone and

oestrogen are likely to be responsible for the sexual dimorphism seen in human facial

structure (Enlow 1990). If testosterone is responsible for promoting the growth of

masculine features (wide jaw, large lower half of face, pronounced brow ridge) and

oestrogen is responsible for suppressing bone growth and thus retaining facial features of

childhood (small jaw, small lower half of face, large eyes), then it can be predicted that a

variation in levels of oestrogen between women will relate to variation in facial

appearance

The aim of the current experiment is to test the assumption that oestrogen levels relate

positively to women's facial appearance, by rating faces for perceived femininity,

attractiveness and health. The hypothesis that progesterone relates to facial appearance is

also tested.
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2.2 Methods

2.2.1 Participants

Participants were 56 white women from the student undergraduate population at the

University of St Andrews (age: M=20.4, SD=1.5, range=18-24). No participants were

currently using the contraceptive pill or had been in last 90 days. All received monetary

payment for participation.

2.2.2 Photographs

Participants were photographed each time they came to the laboratory, weekly for 4-6

weeks. Participants were photographed in a neutral expression, under standard conditions

with diffuse flash lighting from two lateral flashguns. Images were captured on a digital

camera (Fujix DS-300) at a resolution of 1,200 x 1,000 pixels in uncompressed TIFF

format using 24 bit sRGB encoding. No restrictions were made for make-up use during

photography, though use was recorded in self-reports. Consequently 31 participants were

not wearing any make-up when photographed and 25 were wearing make-up. The first

photograph taken (week 1) was used for ratings if the participant had either always worn

make-up or always not worn make-up (n=13) in all the photographs. If there was a

combination of non-make-up and make-up photographs (n=18), the first photograph with

no make-up was used. For presentation to raters, the faces were aligned on inter-

pupillary distance and masked around the face line so cues to hair and clothing were

reduced.
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2.2.3 Compositefaces

Average faces were created in order to visualise the differences in facial appearance

between women with high and low reproductive hormones. Composites were

constructed from the faces of the females with the highest 10 and lowest 10 oestrogen

using the methods outlined in Benson & Perrett (1993) and Tiddeman et al. (2001). See

figure 2.3 for composite faces. Separate composites were not constructed for

progesterone levels because they were highly intercorrelated with oestrogen levels (see

results), therefore the composites would have contained the majority of the same faces.

Oestrogen composites were created rather than progesterone composites as the latter were

not as strongly related to the face ratings (see results).

2.2.4 Hormone measurement

Participants were instructed to provide their sample of urine from the midstream of the

first urination of the morning of each day of testing. Participants collected samples once

a week for 4-6 weeks, in order to cover all stages of the menstrual cycle. All samples

were stored at -20°C until assays were performed.

The assays involved a direct competitive ELISA 96-well plate system to assess oestrone-

3-glucuronide (E1G) and pregnanediol-3-glucuronide (P3G) (major metabolites of

oestradiol and progesterone respectively). Urine samples, diluted in assay buffer, were

incubated with labelled antigen (E1G or P3G conjugated to horseradish peroxidase) in the

presence of rabbit anti-steroid antibody (anti-P3G antibody (RAB F 27/7/87) or anti-EIG

antibody (RAB 1) respectively). Bound and free antigen were separated using solid-
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phase goat anti-rabbit IgG. The plates were washed and bound antigen was detected by

incubation with the substrate o-phenylenediamine and the developed reaction was

detected using a plate reader at 492 nm. For full methods see Joseph-Home et al. (2002).

The intra-assay variation for both was less than 10%. Hormone level results were

expressed as steroidxreatinine ratio. For 1 subject assays for oestrogen and progesterone

were not available.

Menstrual cycle information was collected via self-report (diary data). To detemiine day

ofmenstruation and length ofmenstrual cycle, participants reported the number of days

since the onset of their last period ofmenstrual bleeding and their average menstrual

cycle length. Date of onset of period following study completion was also collected via

email. Cycle day was calculated by the backwards counting method, previously used by

Jones, Perrett et al. (2005). The levels of oestrogen in the late follicular stage of the

menstrual cycle (14-21 days before next period) were used for comparison as this is the

stage at which females are most likely to conceive. This stage may show greatest

variation in fertility and thus be most likely to show the greatest associations with

physical condition and attractiveness. Previous research reported heightened

attractiveness at the follicular (fertile) stage of the menstrual cycle (e.g. Roberts et al.

2004). For progesterone, an average of the luteal (non-fertile) stage was analysed (13-1

day before next period), as progesterone levels are very low until ovulation and then rise

until onset ofmenses. Previous research with progesterone and WHR has used average

luteal levels (Jasienska et al. 2004).
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2.2.5 Questionnaire

Participants completed the following questionnaire on menstrual status and make-up use

at each testing session.

• As best you can recollect, when was the date of the beginning of your last

menstrual period - i.e. the first day of bleeding?

• When do you expect your next menstrual period to begin?

• Is your menstrual cycle fairly regular? Yes/No

• Normally, how long is your menstrual cycle? (i.e. 28 days, 30 days)

• Are you currently wearing any make-up? Yes/No

2.2.6 Face ratings

Participants for the ratings task were 15 female and 14 male students from the University

of St Andrews (age: M=20.1, SD=2.6, range=18-25). All received payment for their

participation. All participants rated the masked faces for apparent health, femininity and

attractiveness on a computer monitor which had been colour calibrated using a Spyder

Pro to gamma 2.2 and whitepoint D65. The masked faces were rated for apparent health

individually on a 7 point scale from l=very unhealthy to 7=very healthy (see rating

interface, Figure 2.1). Faces were presented in random order. This procedure was

repeated rating the original faces for attractiveness (l=very unattractive to 7=very

attractive) and femininity (l=not feminine to 7=very feminine). Blocks for the different

ratings were presented in random order. The task was self-paced.

57



Figure 2.1 Interface usedfor rating masked faces for health on 7 point scale

The composite faces were rated in a forced-choice paradigm by 11 female and 10 male

students from the University of St Andrews (age: M=22.3, SD-1.6, range=19-25). All

participants rated the pair of composite faces for which was more attractive along the 8

point preference scale; Much more attractive (left image), More attractive (left image).

Slightly more attractive (left image), Guess (left image), Guess (right image), Slightly

more attractive (right image), More attractive (right image), Much more attractive (right

image) (see Figure 2.2 for rating interface). The composites were rated in the same way

for femininity and health.
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Figure 2.2 Forced-choice interface usedfor rating composite faces for attractiveness
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2.3 Results

Progesterone and oestrogen metabolite levels and each of the 3 facial ratings were

normally distributed (Kolmogorov-Smirnov: progesterone, p=.83; oestrogen, p=.09;

femininity, p=.58; attractiveness, p=.28; health, p=.63, all zs<1.2). Therefore, parametric

statistics were used in subsequent analyses. Ratings of faces were highly consistent

across raters (all Cronbach's alpha >0.9).

2.3.1 Controllingforpotential confounds

Make-up use

To determine ifwomen who always choose to wear make-up differ from those that

choose not to wear make-up, independent samples t-tests were used to compare hormone

levels and age. There was no significant difference between make-up wearers and non-

make-up wearers in age (M=20.5, SD=1.2; M=20.3, SD=1.7; t=-.64, df=54, p=.53.)r

oestrogen levels (M=13.3, SD=6.5; M=13.1, SD=7.9; t=-.14, df=52, p=.89) or

progesterone levels (M=27, SD=.10; M=.25, SD=.13; t=-.52, df=54, p=.60).

Faces wearing make-up were rated as significantly more feminine (M=4.3, SD=1.0),

attractive (M=3.40, SD=.73) and healthy (M=4.36, SD=.68) than those not wearing

make-up (M=3.5, SD=1.1; M=3.01, SD=.92, M=3.99, SD=1.12), t=-2.84, p=.006; t=-

2.34, p=.023; t=-2.13, p=.038; respectively, all df=54.
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There was no significant difference in day of cycle when the rated photograph was taken

(make-up: M=18.7, SD=5.7; non-make-up: M=14.9, SD=8.7) t=-1.30, df=54, p=.21.

Therefore ratings differences between makeup and non-makeup images cannot be due to

the cyclic change in attractiveness (see Roberts et al. 2004) as a result of make-up use

being potentially biased to a particular part of the cycle. Within the non-makeup images,

there was no significant bias towards images taken at any particular phase in the cycle;

(early follicular n=8, late follicular n=l 1, early luteal n=3, late luteal n=10; x2=4.75,

df=3,p=. 191).

Wect ofage

As there was no difference in age or hormones between the make-up and non-make-up

wearers the following correlations between hormones and age were conducted with the

total sample, using Pearson's product moment correlation.

Age did not correlate with either of the hormone levels (oestrogen; r=.l 1, p^.44, n=54;

progesterone r=.18, p=.21, n=54), or any of the face ratings (femininity, r=.ll, p=.40;

attractiveness, r=.09, p=.51; health, r=.19, p=.16, all n=56). Therefore age was not

controlled for in any of the following analyses.

2.3.2 Hormone levels andfacial attributions

As the use ofmake-up influenced attributions, the following analyses investigating the

hormone appearance relationship were conducted for make-up and non-make-up wearers
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separately.

For those wearing no make-up, late follicular oestrogen levels were significantly

positively correlated with femininity (r=.48, p=.007, n=30), attractiveness (r=.48, p=.007,

n=30) and health ratings (r=.52, p=.003, n=30). For those wearing make-up, however,

oestrogen levels were not related to femininity (r=.003, p=.99, n=24), attractiveness (r=-

.08, p=.71, n=24) or health ratings (r=.07, p=.74, n=24).

For females wearing no make-up, luteal progesterone levels were not related to

femininity (r=.28, p=. 13, n=30). There was a trend for progesterone to positively

correlate with attractiveness (r=.33, p=.075, n=30) and health ratings (r=.35, p=.055,

n=30). For those wearing make-up, however, progesterone levels were not related to

femininity (r=.09, p=.66, n=27), attractiveness (r=.04, p=.83, n=27) or health ratings

(r=. 17, p=.41, n=27).

As the hormone levels did not relate to attributions for those wearing make-up, the

following further analysis of hormone appearance relationships was restricted to the non-

make-up group.

The 3 face ratings are highly interrelated (attractiveness and femininity, r=.84;

attractiveness and health, r=.81; femininity and health, r=.60; all p<.001, n=31). The 3

face ratings were entered into a Principal Components Analysis (PCA). One factor with

Eigenvalue greater than 1 was extracted (Eigenvalue=2.51, accounting for 83.69% of the
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variance) on which all face ratings loaded (femininity, r=.89; attractiveness, r=.97; health,

r=.88). This factor was interpreted as a general 'quality' factor. Oestrogen was

significantly positively correlated with the 'quality' factor (r=.54, p=.002, n=30) and

there was a trend for progesterone to positively correlate with the 'quality' factor (r=.35,

p=.058, n=30). As progesterone is highly correlated with oestrogen (r=.67, p<.001), a

linear regression was performed to determine the extent to which both hormones were

independently related to the 'quality' factor. A significant regression model was

produced for predicting 'quality' rating (adj r2=.28, p=.017) with only oestrogen as a

significant predictor (beta=.51, p=035). Progesterone was a non-significant predictor

(beta=.032, p=.89).

2.3.3 Effect ofsex ofrater

To determine if there was any effect of sex of the rater on the relationship between

oestrogen levels and the face ratings, the faces were divided into 3 equal groups (high,

mid and low hormone levels) for a mixed ANOVA, with sex of rater as a between

subjects factor (2 levels), oestrogen level as the within-subjects factor (3 levels), and face

ratings as the dependent variable.

There was a highly significant main effect of oestrogen level with the faces

corresponding to high oestrogen levels receiving higher ratings (all F2,5o>38.98, p<.001).

There was no main effect of sex of rater on any of the ratings (all Fi>25<.63, p>.44).

There were no interactions between rater sex and oestrogen level (all F2,5o<.93, p>.40).
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Thus rater sex did not affect ratings or qualify the relationship between oestrogen and

face ratings.

2.3.4 Composite faces

Figure 2.3 Composite faces of the 10 women with highest (left) and 10 with lowest
(right) levels oflatefollicular oestrogen metabolite (oestrone-3-glucuronide, E3G).

The high oestrogen face was rated as much more feminine, attractive and healthy than the

low oestrogen face (all t>6.31, p<.001, df=20) using a one-sample t-test on strength of

preference. These results cannot be due to a mediating effect of age on facial appearance

and hormones as there was no significant difference in age of the composites (low,

M=20.8, SD-1.5; high, M-20.4, SD~1.8; t=.54, p=.60, df=18). All face ratings were

highly consistent (a>0.9).
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2.4 Discussion

The major finding of this study is that women not using make-up with higher levels of

late follicular oestrogen have more feminine, attractive and healthy looking faces than

those with lower levels.

The initial inclusion of those participants wearing make-up allowed investigation into the

effect ofmake-up on attributions and also its role in mediating the relationships between

hormones and appearance. No differences in age, progesterone or oestrogen level were

found between those women choosing to wear make-up and those choosing not to wear

make-up. Differences were, however, found in attributions ascribed to the faces of the

two groups: faces with make-up were seen as more attractive, feminine and healthy.

While our study used a between groups comparison, this result may support the

assumption that women use make-up to improve facial appearance.

The main findings of this study are the statistically significant associations between late

follicular oestrogen levels and three perceptual ratings of facial appearance; femininity,

attractiveness and health, in those women wearing no make-up. There were marginally

significant correlations of luteal progesterone and health and attractiveness ratings.

Interestingly, these relationships were not seen in those women's faces with make-up on.

The use ofmake-up may compensate for or mask cues indicating low hormone levels,

making perceivers unable to form attributions based on natural hormonal cues.
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The relationships between oestrogen and appearance in natural images of faces found

here are important because they are the first evidence for a link between facial femininity

and oestrogen that has previously been assumed in facial attractiveness research. This

provides evidence that the sexually dimorphic appearance in female faces is related to

oestrogen levels in women. The associations of oestrogen with attractiveness and health

ratings also provide evidence that markers of oestrogen are consistently seen as attractive

and healthy.

Luteal progesterone levels were found to relate marginally to health and attractiveness

ratings of faces. Progesterone levels have not been discussed in the facial attractiveness

literature, although Jasienska et al. (2004) recently found that gonadal hormones levels

were related to femininity in body shape (WHR and breast size): both oestrogen and

luteal progesterone levels were related to an increasingly attractive WHR and breast size.

All three face ratings were highly interrelated, and a PCA revealed one factor, interpreted

as 'quality', which all ratings heavily loaded on. Late follicular oestrogen and luteal

progesterone were correlated indicating that, for young adult females, levels of the two

gonadal hormone levels may both reflect reproductive quality. A linear regression

showed oestrogen to be the only predictor of overall 'quality' in appearance (combining

health, femininity and attractiveness ratings).
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There was no effect of the sex of the rater on the relationships found between oestrogen

and the face ratings, and inter-rater reliability was high. Both results indicate that

judgments of female faces are consistent.

The construction of the composite faces of the women highest and lowest in oestrogen

levels allowed a visualisation of our correlational results. There appear to be multiple

visual differences between the two face groups evident in the composites. The oestrogen

female face was consistently rated as more attractive, feminine and healthy looking.

Future studies should address the nature of facial cues related to hormone levels.

The current finding that oestrogen predicts facial appearance has implications for the

evolutionary approach to facial attractiveness. The female face does seem to hold

detectable cues to underlying health and fertility, as indexed by oestrogen levels. These

cues are used in judgements relevant to mate choice decisions. These detectable cues to

reproductive hormones may have shaped male preferences, and could therefore provide

an adaptive explanation for the cross-cultural tendency for feminine female faces to be

found most attractive.
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3 Male facial appearance, testosterone and Cortisol levels

3.1 Introduction

Chapter 2 demonstrated that female facial appearance is related to levels of the

reproductive hormone levels oestrogen and progesterone. Females with higher levels of

late follicular urinary oestrogen and luteal urinary progesterone have more attractive,

feminine and healthy looking faces than those with lower levels.

The present study looks at two hormones, the gonadal hormone testosterone and also the

stress hormone, Cortisol, as objective indices of underlying health. Testosterone the male

sex hormone, secreted by the testes but also synthesised in small quantities in the adrenal

glands. Testosterone is necessary in the foetus for the development ofmale genitalia, and

increased levels of testosterone at puberty result in the further growth of genitalia and the

development ofmale secondary sex characteristics such as facial hair. Penton-Voak &

Chen (2004) showed that men with higher salivary testosterone levels have faces that are

rated as more masculine than those with lower testosterone levels. Roney et al. (2006)

have subsequently replicated this finding that men's salivary testosterone levels were

correlated with women's ratings of their facial masculinity; those with higher testosterone

levels were rated as more masculine looking. Both theory and these previous empirical

findings suggest that in the current study, those males with higher salivary testosterone

levels will have faces that are rated as more masculine looking than those males with

lower testosterone levels.
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Testosterone levels are not predicted to relate to ratings of attractiveness, as masculine

men are not consistently rated as more attractive than more feminine men. Many studies

have shown results in opposite directions (e.g. Perrett et al. 1998; Johnston et al. 2001),

most likely due to high variance in individual differences in women's preferences for

masculinity (e.g. Little et al. 2001; see DeBruine et al. 2006). Testosterone has been

suggested to be suppress the immune system and therefore only the most healthy males

could afford to possess high levels and express high sexual dimorphism (Folstad & Karter

1992). This might lead to the prediction that high testosterone males would have faces

that are rated as more healthy than low testosterone males. Support for this prediction

also comes from facial appearance studies which have shown that ratings ofmen's facial

masculinity are related to their apparent health ratings (Johnston et al. 2001; Rhodes et al.

2003), as well as to their actual health from medical records (Rhodes et al. 2003).

Cortisol is a glucosteroid hormone secreted by the outer cortex of the adrenal gland as

part of the body's stress response. Cortisol is the primary hormonal product of the

hypothalamic-pituitary-adrenal (HPA) axis which plays a critical role in the metabolism

of proteins, gluconeogenesis, and lipid metabolism. In addition, it supports vascular

responsiveness, skeletal turnover, muscle function, immune response and renal function

(Berne & Levy 1997). Although Cortisol allows an individual to respond to

environmental stressors in the short term by promoting energy mobilization and mental

alertness, chronic elevation of Cortisol has been implicated in the pathogenesis of several

psychiatric and somatic disorders including depression (Deuschle et al. 1998; Steckler et
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al. 1999), immunosuppression (McEwen et al. 1997), obesity, cardiovascular disease,

diabetes (Rosmond & Bjorntorp 2000), and osteoporosis (Manelli & Giustina 2000; Raff

et al. 1999). Large individual differences exist in basal Cortisol levels (Smyth et al.

1997). These individual differences in Cortisol levels are able to predict individual

differences in studies on physical (Walker 1996; Mantero & Boscaro 1992; Pedersen &

Hoffman-Goetz 2000; Roy et al. 2001; Rosmond & Bjorntorp 2000) and mental health

(Young et al. 2000; Posener et al. 2000; Goodyer et al. 2000). Those with elevated

Cortisol levels suffer poorer health. Sustained elevation of Cortisol has also been shown

to suppress testosterone production in men (e.g. Welsh 1982; Cumming 1983; Daly et al.

2005).

The choice of a healthy mate is important to reproductive success (See Thornhill &

Gangestad 1993; Thornhill & Gangestad 1999a). There are direct benefits since the

chooser is less likely to become infected by a healthy partner. A healthy partner would

also be more able to provide resources for both partner and offspring. There are also

indirect benefits, since the healthy partner may confer genetic benefits to any offspring.

These benefits could be immunological, but also heritable behavioural or physiological

dispositions that prove critical in coping with current environmental stresses. Poor

adaptation to the social or physical environment would stress the individual and cause

continually elevated Cortisol levels. All these considerations lead to the hypothesis that

any physical manifestation of elevated Cortisol levels should influence judgements related

to mate choice. As the link between elevated Cortisol levels and poor health is well

established, facial appearance is likely to show some of the signs of poor health. Cortisol
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levels are predicted to relate negatively to apparent health of the face; those individuals

with higher average Cortisol levels are predicted to have faces that are rated as less

healthy looking. As apparent health of faces relates strongly to facial attractiveness

judgements, (e.g. Jones et al. 2001), faces of individuals with high levels of Cortisol are

also predicted to be rated as less attractive looking. As chronically elevated Cortisol

levels are known to suppress testosterone production (Doerr 1976), faces ofmales with

high levels ofCortisol are predicted to be rated as less masculine.
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3.2 Methods

3.2.1 Participants

Participants were 51 white males from the student undergraduate population at the

University of St Andrews. All participants were aged between 18 and 24 (M=20.5,

SD=1.6). All received monetary payment for participation.

3.2.2 Photographs

Participants were photographed under standard conditions with diffuse flash lighting

from two lateral flashguns. Images were captured on a digital camera (Fujix DS-300) at a

resolution of 1,200 x 1,000 pixels in uncompressed TIFF fonnat using 24 bit sRGB

encoding. For presentation to raters, the faces were aligned on inter-pupillary distance

and masked around the perimeter of the face so cues to hair and clothing were reduced.

To illustrate any differences in appearance associated with Cortisol and testosterone

levels, composites were constructed of the faces of the males with the 15 highest Cortisol

scores and the 15 lowest Cortisol scores (and highest 15 and lowest 15 testosterone levels)

using the methods outlined in Benson & Perrett (1993) and Tiddeman et al. (2001) (see

Figure 3.3 and 3.4 for male composite faces).

3.2.3 Hormone measurement

Males provided 2 samples on separate days, controlling for time of day as diurnal

variation in Cortisol and testosterone is well established (e.g. Pruessner et al. 1997; Dabbs
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1990). One sample from each male was provided between 8 and 10am and the other

between 4 and 6pm. Participants deposited between 3 and 5 ml of saliva by freely

salivating into a tube, which was then frozen at -20°C until analysis. Hormonal data were

assayed by the biological sciences lab at Queen Margaret University College, Edinburgh,

using an 'in-house' enzyme linked immunosorbant assay (ELISA). The assay procedure

was based on the indirect, competitive binding technique with samples first extracted

using di-ethyl ether. Four ml of ether were added to 500pl of sample, vortex mixed for

10 minutes and then frozen at -80°C until the aqueous phase was frozen. The unfrozen

ether was de-canted and evaporated with forced nitrogen. Samples were finally

reconstituted with 500pl of assay buffer and vortex mixed prior to assay. Testosterone

assay sensitivity was 0.5pg/mL; inter and intra-assay coefficients, obtained over 50 assay

runs, were 6.8% and 2.7% respectively; cross reactivity with related compounds was

minimal and the standard curve was highly reproducible (r=0.998). Cortisol assay

sensitivity was 0.05 ng/ml; inter- and intra-assay coefficients, obtained over 50 assay

runs, were 5.7% and 3.2% respectively. Cross-reactivity with cortisone was 1.2%,

corticosterone 1.4%, deoxy-cortisol 1%, testosterone 0.4% and other steroids < 0.5%, and

the standard curve was highly reproducible (r=0.998). The assay also involved an

extraction step and recovery studies for a range of Cortisol levels from 2.6-40.8 ng/ml

were 91.8% to 106.7%. Cortisol and testosterone scores were computed for each

participant as an average of the 2 samples. Assays were not available for 2 morning

samples and 5 afternoon samples, therefore these 7 participants were excluded from

analysis. One male sample was excluded from the testosterone analysis because pm

testosterone assay was a significant outlier (Grubbs test; z=3.46, p<.01). Morning and
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afternoon Cortisol levels (r=.681, p<.0005, n=44) and testosterone levels (r=.474, p=.001,

n=43) were highly correlated.

3.2.4 Questionnaire

Participants completed the following questionnaire at each testing session to allow

exclusion on criteria known to affect Cortisol or testosterone levels.

• Have you been involved in competitive sports in the last few hours?

• Did you work out with in the last few hours (e.g. weights, running, etc)?

• Do you suffer from any illnesses which may affect your hormone or stress levels

(e.g. diabetes, kidney disease, adrenal insufficiency, pituitary tumours,

hypoglycemia or diagnosed mental illness)?

No participants needed to be excluded on the basis of fulfilling any of the above criteria.

3.2.5 Face ratings

Participants for the original faces ratings task were 15 female and 14 male students from

the University of St Andrews (age: M=20.1, SD=2.6, range=17-25), as reported in

Chapter 2. All received payment for their participation. All participants rated the

masked faces for health, attractiveness and masculinity on a computer monitor which had

been colour calibrated using a Spyder Pro to gamma 2.2 and whitepoint D65. The

masked faces were rated individually on a 7 point scale from l=very unhealthy to 7=very

healthy (see Figure 2.1 for ratings interface). Faces were presented in random order.

This procedure was repeated rating the original faces for attractiveness (l=very
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unattractive to 7=very attractive) and masculinity (l=not masculine to 7=very masculine).

Blocks for the different ratings were presented in random order. The task was self-paced.

The masked Cortisol composite male faces were rated in a forced choice paradigm by 15

female and 12 male students from the University of St Andrews (age: M=21.6, SD=2.3,

range=18-26). The testosterone composite male faces were rated in a forced choice

paradigm by 11 female and 10 male students from the University of St Andrews (age:

M=22.3, SD=1.6, range=19-25). All participants rated the pair of composite faces for

which looked more healthy along the 8 point preference scale: Much more healthy (left

image), More healthy (left image), Slightly more healthy (left image), guess (left image),

guess (right image), Slightly more healthy (right image), More healthy (right image),

Much more healthy (right image) (see Figure 2.2 for forced-choice ratings interface).

The composites were rated in the same way for attractiveness and masculinity.
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3.3 Results

Not all of the variables were normally distributed (Shapiro-Wilk; average Cortisol levels,

SW=.948, p=.047, n=44; average testosterone levels, SW=.978, p= 539, n=43; age,

SW=.911, p=.002, n=44; health ratings, SW=.985 p=.847, n=44; attractiveness ratings,

SW=.968 p=.263, n=44; masculinity ratings, SW=.983, p=.736, n=44), therefore non-

parametric correlations (Spearman's rank) were used in subsequent analyses.

All face ratings (all n=44) had Cronbach's alpha >0.8 indicating high consistency of

judgment between raters (attractiveness a=.89, health a =.92, masculinity a =.91).

Attractiveness ratings were highly significantly correlated with health ratings (r=.83,

p<.0005). Health ratings were significantly correlated with masculinity ratings (r=.38,

p=.01). There was no correlation between masculinity and attractiveness ratings (r=. 12,

p=.42).

There was no correlation between age and Cortisol levels (r=-.22, p=.16, n=44) or age and

testosterone levels (r=-.02, p=.89), therefore age was not controlled for in any of the

following analyses. Cortisol levels were not significantly correlated with testosterone

levels (r=.13, p=.41, n=43).
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3.3.1 Hormone levels andfacial attributions

One-tailed t-tests were used in the following analyses as we had clear directional

predictions. Cortisol levels in males (n=44) were significantly negatively correlated with

health ratings (r=-.30, p=.026) (see Figure 3.1) and attractiveness ratings (r=-.32, p=.019)

(see Figure 3.2). There was no association between Cortisol and masculinity ratings

(r=.05, p=.381). Testosterone levels in males (n=43) were not significantly correlated

with health ratings (r=-.09, p=.56), attractiveness ratings (r=-.01, p=.97) or masculinity

ratings (r=-.07, p=.65).

Figure 3.1 Average Cortisol levels and average health ratings for malefaces (n=44).
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Figure 3.2 Average Cortisol levels and average attractiveness ratingsfor malefaces
(n=44).

To determine if there was any effect of sex of the rater on the relationship between

Cortisol levels and the face ratings, the faces were divided into three equal groups (high,

mid and low Cortisol levels) for a mixed ANOVA, with sex of rater as a between-subjects

factor, Cortisol level as the within-subjects factor and face ratings as the dependent

variable.

There was a highly significant main effect of Cortisol level on health and attractiveness

ratings, with the individuals with high Cortisol levels receiving lower health (F2,48=21.64,
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p<0005) and lower attractiveness ratings (F2,48=37.80, p<0005). There was no effect of

Cortisol level on masculinity ratings (F2,48= 1.71, p=.192). There was no main effect of

sex of rater on any of the ratings (masculinity, Fi,24=. 58, p=.454; health, Fij24=3.50,

p=.073; attractiveness, Fi 24=1.12, p=.301). There were no interactions between rater sex

and Cortisol level (masculinity, F2,48=1.80, p=.176; health, F2i48=.13, p=.880;

attractiveness, F2,48=. 1 50, p=.861). Thus, rater sex did not affect ratings or qualify the

relationships between Cortisol and face ratings.

3.3.2 Composite face ratings

Figure 3.3 Composite faces ofthe 15 men with highest (left) and 15 with lowest
(right) average levels ofsalivary Cortisol.
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The composite low Cortisol male was rated significantly more healthy (t=5.0, p<001),

attractive (t=5.1, p<001) and masculine (t=4.3, p<001) than the composite high Cortisol

male (all df=26) using a one-sample t-test on strength of preference. These results cannot

be due to the effect of age on facial appearance as there was no significant difference in

actual age of the composites (low, M=20.3, SD=1.7; high, M=19.9, SD=1.2; t=.61, p=.55,

df=18).

Figure 3.4 Composite faces ofthe 14 men with highest (left) and 14 with lowest
(right) average levels ofsalivary testosterone.

The composite high testosterone male was rated significantly more healthy (t=-2.4,

p=,024) than the composite low testosterone male, but not significantly more masculine

(t=-l .43, p=. 17) or attractive (t=. 17, p=.87) (all df=20) using a one-sample t-test on

strength of preference.
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3.4 Discussion

No relationship was found between male testosterone levels and ratings of facial

masculinity, health or attractiveness. No relationship was expected between

attractiveness and testosterone due to the large variation in individual differences in

preferences for masculinity exhibited by women (e.g. Little et al. 2001; Penton-Voak et

al. 2003). Testosterone, however, was predicted to correlated with masculinity ratings

due to the theoretical link between testosterone and male facial bone growth (e.g. Enlow

1990). Previous studies also found that men's salivary testosterone levels were correlated

with masculinity ratings of their faces (Penton-Voak & Chen 2004; Roney et al. 2006).

The first study to link testosterone with masculinity ratings (Penton-Voak & Chen 2004),

however, did not find any relationship when analysing the data using a correlational

design between individual face ratings and testosterone levels. Only when a median split

was done on the testosterone levels, and faces were put into a forced-choice paradigm

making participants decide between "high" vs. a "low" testosterone faces, was a

statistically significant relationship found. This suggests the relationship between current

levels of testosterone and facial masculinity may be relatively weak. In the current study

only the correlational method was used, which similarly did not yield a significant

relationship between testosterone and masculinity. It is likely that the relationship

between facial masculinity and testosterone would be much stronger when using pubertal

testosterone rather than current levels.
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There was no relationship between testosterone levels and ratings of facial health of the

individual male faces. However, the composite high testosterone face was rated as more

healthy (but not more masculine or attractive) than the low testosterone face. This might

suggest that there may be a weak relationship between testosterone levels and facial

health which is not strong enough to show in the individual ratings in this sample, but is

apparent in the composites, which highlight similarities between a group's individuals

and suppress differences (Tiddeman et al. 2001).

The main finding of this study is the statistically significant association between men's

average Cortisol levels and perceptual ratings of the health and attractiveness of their

faces. Those men with higher average levels of the stress hormone, Cortisol, have faces

that are rated as less healthy and less attractive looking. There was no effect of the sex of

the participants rating the faces on the association found. The male high Cortisol

composite was also rated as significantly less healthy and less attractive than the low

Cortisol composite. This relationship between stress hormones and appearance in faces is

important because it demonstrates a link between facial appearance and an objective

biological measure of health, which has previously been elusive (e.g. Kalick et al. 1998;

Rhodes et al. 2001; 2003).

There was no significant relationship between Cortisol levels and masculinity. The low

Cortisol male composite, however, was rated as significantly more masculine than the

high Cortisol male composite. There may therefore be a very weak relationship between

sexual dimorphism and Cortisol, which is not strong enough to show in the individual
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ratings in this sample, but is apparent in the composites, which highlight similarities

between a group's individuals and suppress differences (Tiddeman et al. 2001). The

predicted relationship between decreased masculinity and increased Cortisol levels,

however, may not be present as Cortisol levels may have to be chronically elevated

throughout puberty for the suppression of testosterone to affect facial development.

Further studies are needed to isolate the Cortisol related cues that are responsible for the

differences in perceived health and attractiveness. The impact of elevated Cortisol levels

over time is known to affect many physical functions. More specifically, glucocorticoid

receptors are widely expressed in all skin areas (Goldsmith 1991; Grando 1993) including

epidermal and follicular keratinocytes, sebocytes, melanocytes and immune cells of

epidermis and dermis (Serres et al. 1996). The role of glucocorticoids in skin function

can be emphasized by the skin changes associated with hypercortisolism (Fitzpatrick et

al. 1993; Thiboutot 1995) which results in general atrophy of the skin, impairment of

wound healing, easy bruisability and acne. Therefore, skin qualities are potential cues

that could be investigated.

It is noted that our results are preliminary in that direction of causality of the reported

relationship camiot be determined from our study. Elevated Cortisol levels over time are

likely to be detrimental to facial appearance. However, it is not impossible that

possessing a facial appearance low in apparent health and attractiveness may precipitate

negative or stressful social interactions which in turn may raise Cortisol levels.

Longitudinal studies would be necessary to prove direction of causality. There may also
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be additional factors responsible for both high Cortisol levels and unhealthy appearance;

for example poor health could adversely affect facial appearance and also cause Cortisol

levels to become raised.

The exact mechanism underlying the relationship between Cortisol and appearance, while

immensely important from a medical perspective, is of less concern to everyday life.

High stress indicates inability to cope with challenges encountered, whether

environmental or social. Therefore any manifestation of coping or not coping could

guide mate choice in an adaptive way. Choosing individuals manifesting low Cortisol

levels represents choosing a genotype or phenotype appropriate to the current

environment. Mate choice and social interactions can be guided by apparent health -

provided that apparent health reliably relates to underlying physiological indices of

health. The present study provides evidence that such a link between facial appearance

and a hormonal marker of physiological health exists.
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4 Facial colouration cues to sex, perceived health, attractiveness and

sexual dimorphism

4.1 Sex differences in facial colouration

4.1.1 Introduction

This study aims to investigate sex differences in human facial skin colouration using

photographic images. The anthropological literature reviewed in Chapter 1 demonstrates

that females are lighter than males in all human cultures (see Frost 2005 for review).

Therefore, in our Caucasian sample, we predict that our white female faces will have

lighter skin (higher luminance) than male faces.

Very little research has looked into sex differences in colour hue in humans. Tarr et al.

(2001, published abstract) has found that male faces have a higher red:green ratio (i.e.

more red) than female faces, and that an algorithm based purely on this ratio could

predict sex of face accurately. Therefore, it is predicted that male faces will be more red

(higher a*) than female faces. Studies in Caucasian subjects have reported close

associations between chromameter a* values (redness) and blood flow or erythema in the

skin (Seitz & Whitmore 1988; Muizzuddin et al. 1990).

Although no studies have looked directly at sex differences in yellow (b*),

anthropological studies shows that the luminance sex difference is a result of males
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having more melanin than females (see Frost 2005 for review). Research into skin using

chromameters have shown that melanin is mainly responsible for the variance in yellow

(b*) in skin (Seitz & Whitmore 1988; Takiwaki et al. 1994). Therefore it is predicted that

male faces will be more yellow (higher b*) than female faces.

The current study uses photographic images to investigate sex differences in facial

colouration. Research has demonstrated that skin pigments are related to the same colour

components when using photographic images as have been shown with direct skin

measurements using chromameters; a* with blood flow and b* with melanin (Tsumura et

al. 1999; 2000; 2003; Gerald et al. 2001). Tsumara et al. (1999) separated the

distributions ofmelanin and haemoglobin in human skin using independent components

analysis (ICA) of skin colour images. Gerald et al. (2001) showed that blood flow

differences can be reliably measured from a* of images of primate sexual skins

comparing the results with direct measurements of a* using a colorimeter. Therefore we

conclude that measuring colour using photographic images in this study represents a

reliable way of estimating colour of the actual faces.
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4.1.2 Methods

4.1.2.1 Participants

Participants were 31 white women (aged 18-24 years, M=20.4, SD=1.5) and 42 white

men (aged 18-23, M=20.2, SD=1.5), from the University of St Andrews, Scotland. All

received monetary payment for their participation.

4.1.2.1 Photography

Face images (n=73) were captured under standard conditions with neutral expression and

diffuse lighting from two lateral flashguns with a Fujix DS-300 digital camera

(1200x1000 resolution, TIFF format, 24-bit sRGB colour). For women only images

without makeup were used. Where more than one image was taken, the first without

makeup was used. There was no significant bias in images used towards any particular

phase in the cycle (early follicular n=8, late follicular n=l 1, early luteal n=3, late luteal

n=T0; %2=4.75, df=3, p=.191). This was checked as previous research shown that female

attractiveness varies across the menstrual cycle (Roberts et al. 2004), and it is possible

this is due to colour changes. Face images were aligned on interpupillary distance and

masked to eliminate hair and clothing for rating.

4.1.2.3 Colour analysis

Average wholeface colour analysis

Facial images were delineated with 197 points and warped to the same shape (the

composite face of all male and female participants in the sample). Images were reduced
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in size to 320x250 pixels to aid computational speed. Commission Internationale de

l'Eclairage 1976 (CLE) L*a*b* colour system was used. L* represents Luminance

(lightness) where 0=black and 100=white; a* and b* represent two colour axes (green-

red, blue-yellow, respectively). Whole face skin colour values were calculated by

averaging L*, a* and b* CLE colour values of pixels of facial skin (inside faceline,

excluding eyes); Images were analysed by converting sRBG to L*a*b* using colour

conversion script in image processing toolbox in MATLAB 7.0. Lip skin colour values

were calculated by average pixels inside the lip line (see Figure 4.1).

Figure 4.1 Delineated face showing regions analysedfor L *a *b *; Face L*a*b* is
region within face line (excluding lips and eyes); Lip L*a*b * is region within lip lines.

Topographic colour analysis

Topographic maps were created in MATLAB 7.0 by performing t-tests on the L*a*b*

colour values at all the corresponding pixels across the face between the male and

females faces. Individual pixels with t values ofp<05 are plotted with the colour

corresponding to the direction of effect. The colour maps therefore contain a large
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amount of t-tests which increase the likelihood of false positives. However, these false

positives would occur in random locations all across the image (not just the facial area)

and the effect would be in either direction. Colour clustering inside the facial skin area

and in one specific direction would be indicative of confidence in the seen result. Colour

maps are superimposed on a composite face of the average student from the sample

(Figure 4.7). Facial prototypes are constructed by averaging shape, colour and texture

information (Benson & Perrett 1993; Tiddeman et al. 2001).

4.1.2.4 Colour calibration ofcamera

A GretagMacbeth colour chart was photographed twice by the St Andrews camera under

standard lighting conditions used for participant photography. The average RGB values

of each of the 24 photographed colour patches were calculated using RGB function in

MATLAB 7.0. This was repeated using the second photograph. An average of both

photographs was used for each colour patch. The colour chart's patches were then

measured in L*a*b* colour space using a Konica Minolta Spectrophotometer CM-2600d.

MATLAB was used to compute a transformation matrix from the colour chart

photograph RGB values to the colour chart spectrophotometer L*a*b* values based on

the methods for a linear model for camera calibration described in Hong et al (2001).

This transformation matrix was then used to transform all the facial colour values. These

calibrated colour values are used in the sex difference results below as they more

accurately represent the actual colour of the faces.
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4.1.3 Results

Parametric statistics (ANOVA) were used to test for sex differences in colour, as the

majority of the colour variables were normally distributed (Shapiro-Wilk; whole face L*

SW=.98, p=.16; whole face a* SW=.97, p=.14; whole face b* SW=97, p=.04; Lip L*

SW=.97, p=. 11; Lip a* SW=.99, p=.68; Lip b* SW=.99, p= 68). Mixed ANOVAs were

used, with sex of face as a between subjects factor, and face part (lip, whole face) as the

within-subjects factor.

There was no significant difference in age of the male and females (t7i=. 140, p=.889),

therefore any sex differences in colouration cannot be a result of age differences in the

samples.

There was a significant main effect of sex of face on L* (Fi)7i=10.87, p=.002), with

females having higher whole face and lip L* than males (see figure 4.2). Female face

and lip skin is lighter than males'. There was a significant main effect of face part on L*

(Fij7i=427.06, p<.0005), with lip skin being darker than whole face skin (see figure 4.2).

There was a significant interaction of sex of face and face part (Fi ,7i=4. 16, p=.045).
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Figure 4.2 Average luminance (L *) ofwholeface skin and lip skin in male andfemale

faces (age 18-24). Error bars represent +/- 1 standard error ofthe mean.
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There was a significant main effect of sex of face on a* (Fi>7i=32.83, p<.0005), with

males having higher whole face and lip a* than females (see figure 4.3). Male face and

lip skin is more red than females'. There was a significant main effect of face part on a*

(Fi,71=1736.53, p<.0005), with lip skin being more red than whole face skin (see figure

4.3). There was no interaction of sex of face and face part (Fi;7i=.24, p=.63).

□ Female (n=31)
□ Male (n=42)

"O 20
a>

to 10

Whole face Lip

Figure 4.3 Average a* ofwholeface skin and lip skin in male andfemalefaces (age
18-24). Error bars represent +/- 1 standard error ofthe mean.
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There was no effect of sex of face on b* (Fi)7i=.03, p=.885) (see figure 4.4). There was a

significant main effect of face part on b* (Fi)7]=555.35, p<.0005), with whole face skin

being more yellow than lip skin (see figure 4.4). There was no interaction of sex of face

and face part (Fi,7i=. 17, p=.678).
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Figure 4.4 Average b* ofwholeface skin and lip skin in male andfemalefaces (age
18-24). Error bars represent +/-1 standard error ofthe mean.
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4.1.3.1 Visualisation ofresults

Composite faces were created (Benson & Perrett 1993; Tiddeman et al. 2001) of the

average male (n=42) and the average female (n=31) to visualize the colour differences

(see figure 4.5).

Figure 4.5 Composite female (n=31) and male face (n =42) ofstudent sample (age
18-24).
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To show these colour difference more clearly, these average faces were used as the end

points for a transform. The male face was then transformed by adding 100% of the

difference between the male and the female face in colour only (shape and texture were

not transformed). The female face was transformed by adding 100% of the difference

between the female and the male face in colour only. The caricaturing of colour makes

the differences between male and female faces appear more obvious (see Figure 4.6).

Figure 4.6 Caricatured colour differences between average male and average female
composite faces.
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Topographic maps were created (see methods 4.1.2) in order to statistically map the

distribution of the sex difference in colour in each pixel of the face (see Figure 4 .7 below)

Figure 4.7 Topography ofsex differences in facial colour. Maps display pixels where
significant difference between males andfemales (independent-samples t-test. p<.05 uncorrected
for multiple comparisons) with (a) white-black (I*), (b) red-green (a*), (c) andyellow-blue (b*).
Direction ofsignificant difference are shown by the appropriate colour; (L*) black indicates
where males are darker than females, and white where males are lighter than females; (a*) red
indicates where males are more red than females, and green where males are more green than
females; (b*) yellow indicates where males are more yellow than females, and blue where males
are more blue than females. Position ofcorrelatingpixels are mapped on to the average face
made from all images in sample.

The topographic maps show that the sex difference in lightness (L*) and yellow (b*) is

present across all areas of the face, with males having darker and more yellow facial skin.

The a* map shows that males have redder skin in all areas of the face, apart from a block

across the cheeks where no significant pixels are found.

The significant pixels around the head area may represent sex differences in hair colour.

However, it is also possible that these differences reflect some effect ofwhitebalancing of

the camera. In order to test this we compared the background across facial images in
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which we could expect white balance differences. We chose to compare high red faced

males and low red faced males as these would provide a more clear comparison than

between the male and female faces. A patch 50 pixels by 50 pixels of the grey

background in the top left of each photograph was cut from the 10 highest whole face a*

males and compared to the 10 lowest whole face a* males. There were no significant

differences (all df=18) in R (t=1.05, p=.31), G (t=.57, p=.58), or B (t=.83, p=.42) (of

RGB colour space) of the grey background patches. There were also no significant

differences when comparing the L* (t=.67, p=.51), a* (t=.80, p=.43), and b* (t=-.82,

p=.42) of the patches (in CIE L*a*b* colour space). These results suggest no

whitebalancing was occurring by the camera. Therefore it is likely that the significant

differences seen in the topographic map above (Figure 4.7) were due to hair colour

differences.
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4.1.4 Discussion

Sex differences in facial colouration have been found in our sample of young white

adults. Males have been shown to have faces that are darker, more red and more yellow

than female faces. The males had darker face and lip skin than the females, which was as

predicted and confirms the extensive anthropological data that females are lighter than

males in all tested populations in the world (see Frost 2005 for review). The males were

also found to have more red face and lip skin than the females. This confirms the finding

of a higher red to green ratio in male than female faces as shown by Tarr et al. (2001;

published abstract). Males were found here to have more yellow in their face and lip skin

than females. This is the first demonstration of such a result to our knowledge, but is as

predicted, as it has been shown that males have darker skin due to the increased melanin

in their skin (Edwards & Duntley 1939; and see Frost 2005 for review) and that the

yellow (b*) component of skin colour reflects melanin content (Seitz & Whitmore 1988;

Takiwaki et al. 1994). The yellow component of skin (b*) has also been shown to be

closely associated with carotenoid levels in the skin (Alaluf et al. 2002), and therefore our

result may also demonstrate that males have higher levels of carotenoids. We also

showed that lip skin is darker and more red than the rest of the facial skin in both males

and females. This is possibly a result of the vascular capillary bed being more developed

or more superficial in the lips. The lip skin may also be thinner and therefore blood flow

is more easily seen in the lips. Lip skin was also shown to be less yellow than the rest of

the face, and this is likely due to the lips containing less melanin or carotenoids than the

rest of the face.
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The creation of the composite faces and the exaggeration of the differences allowed the

visualisation of the colour differences between the sexes. It is clear that the colour

differences are widespread, with all parts of the male appearing darker, more red and

more yellow. The topographic significance maps allowed statistical testing of the

differences in each area of the face by testing the difference between each pixel's colour

in the male and female faces using t-tests. The male face is darker and more yellow than

the female, with significant pixels consistently appearing in all areas of the face. For the

red axis (a*) however, there seems to be a clear absence of effect in the cheek areas, the

male face does not have consistently redder cheeks than the female face.

We have shown that there are clear sex differences in facial colouration. The second part

of this chapter looks at how differences in facial colouration within each sex relate to

perceptual attributions by others.
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4.2 Colour cues to perceived health, attractiveness and sexual

dimorphism

4.2.1 Introduction

The literature reviewed in Chapter 1 conflicts on how lightness relates to attractiveness in

females. The anthropological data across many different ethnic groups would suggest

that lighter female faces will be seen as more attractive and feminine (see Frost 2005 for

review), but more recent experimental studies in white participants (Fink et al. 2001)

suggested that darker (lower Value in HSV colour space), and less blue (lower B in RGB

colour space) female faces are rated as more attractive. The widespread popularity of

gaining a suntan in white European populations would also seem to support this

preference for darker skin (Etcoff 1999). As our sample is ofwhite European subjects,

darker faces are predicted to be rated as more attractive.

Tarr et al. (2001; published abstract) showed that the males are redder than females, and

the results from study 4.1 confirmed this. Therefore, it might be predicted that sexual

dimorphism in redness will relate to attractiveness in the same way as sexual dimorphism

in shape, whereby increasing sexual dimorphism in females (femininity) increases their

attractiveness (Perrett et al. 1998); and increasing sexual dimorphism in males increases

their masculinity ratings, but not necessarily their attractiveness. It is predicted therefore

that male faces with more red are predicted to be rated as more masculine than those with

less red, but not necessarily more attractive or healthy looking. Females with more red
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are predicted to be rated as more masculine and therefore less attractive and healthy

looking.

The results from study 4.1 showed that males are more yellow (less blue) than females.

Therefore, it might be expected that more masculine (more yellow) female faces will be

less attractive than more feminine (less yellow) ones. However, Fink et al. (2001)

showed that female faces with less blue in (on B dimension of RGB) were rated as more

attractive. As yellowness (b*) has been also related to melanin content (Seitz &

Whitmore 1988; Takiwaki et al. 1994) it might be that yellow skin in white faces is

attractive (to white viewers) in both sexes as it reflects how tanned the skin looks.

Therefore it is predicted that in both male and females, more yellow in their facial skin

will be associated with more attractive and healthy looking faces.
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4.2.2 Methods

4.2.2.1 Images andphotography

Participants' faces were as in used in sex differences study 4.1 (see methods in 4.1.2).

4.2.2.2 Face ratings

The 73 images were rated for apparent health, attractiveness and sexual dimorphism

(femininity in females, masculinity in males) on a 7-point scale (e.g. l=very unhealthy,

7=very healthy) by independent participants from University of St Andrews (15 female

and 14 male, aged 18-25, M=20.1, SD=2.6) as reported in Chapter 2 (female faces) and

Chapter 3 (male faces). Faces were rated on a computer monitor calibrated to gamma

2.2, whitepoint D65 using a ColourVision Spyder2Pro. Raters were unfamiliar with the

faces viewed. The faces were masked around the faceline (excluding ears and hair). The

images were blocked by sex and presented in random order for rating. Inter-rater

agreement was high (a >.9). For ratings scale interface, see Figure 2.1.

4.2.2.3 Colour analysis

Facial images were warped to the same shape and analysed for colour as in the sex

differences study (see methods 4.1.2). Whole face skin colour values to correlate with

perceptual ratings were calculated by averaging L* a* and b* CIE colour values of pixels

of facial skin that was visible when rating (inside faceline, excluding eyes). Lip skin

colour values were calculated by average pixels inside the lip line (see Figure 4.1).
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Average colour values were correlated with perceptual ratings using Speannan's rho as

not all the ratings were normally distributed (see results 4.2.3).

Topographic maps were created in MATLAB 7.0 by correlating the colour values at

corresponding points across the face with the health ratings using Spearman's rank.

Pixels with r values of p<.05 are plotted with the colour corresponding to the direction of

correlation. Colour maps are superimposed on a composite average face of the relevant

sex students from the sample.

4.2.2.4 Colour calibration ofcamera

The colour calibration section in the previous study describes the systematic bias of the

camera. Calibrated colour values were used in the sex differences study as no perceptual

judgements were used. In this study however, uncalibrated colour values are used in the

analyses as perceptual judgements were made of uncalibrated images. It is more

important to know the colour of the images that were presented to the participants for

ratings, than the original values. There will be no differences in the correlational

analyses between using calibrated and uncalibrated images as spearman's rank

correlations were used. Therefore, even if the colour values became more closely

bunched as a result of the gradient of the calibration (rank position would be unaffected

by a linear offset), the overall position (rank) is unaffected. The results, however, of the

ANOVAs may be affected slightly, therefore the uncalibrated (colour of the photographs

when presented to participants) were used.
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4.2.2.5 Colour calibration ofmonitor

As stated above the computer monitor was calibrated to gamma 2.2, whitepoint D65

using a ColourVision Spyder2Pro. The calibration was tested using the Spyder2Pro's

colorimeter function. Images of certain known colours (measured in RGB in MATLAB)

were displayed on the monitor, and the RGB values were entered into the Spyder2Pro

software. The Spyder device then measures the displayed colour and displays XYZ

values on the screen. These XYZ values were converted back to L*a*b* (in MATLAB),

and compared to the expected values for the images of certain known colours. AE was

calculated for the difference between the image colours and the colour displayed on the

monitor, using the formula:

AE=VL*2+a*2+b*2

For the St Andrews monitor, mean AE for these images was 2.323, well below the

nominal level of 5 accepted by colour scientists (Elurlbert, personal communication).

104



4.2.3 Results

In order to initially explore the associations between perceptual ratings and colour,

correlations were used between the face ratings and colour dimensions in male and

female faces separately. As performing multiple correlations increases the risk of Type II

errors (finding a significant result by chance), ANOVAs are also used in order to reduce

the amount of statistical tests performed. This also allowed us to test if there was any

differences in the relationships between L*a*b* and face ratings in male and female

faces, and also to determine if there was any effect of sex of the rater on the relationship

between L*a*b* and the face ratings. The faces were divided into 3 equal groups (high,

mid and low L*, and similarly for a* and b*; males n=14 in each group, females n= 10 in

high and low groups, n=l 1 in mid group) for a mixed ANOVA, with sex of rater as a

between subjects factor (2 levels), sex of face as a between subjects factor (2 levels), L*

(or * or b*) level as the within-subjects factor (3 levels), and face ratings as the

dependent variable.

Non-parametric correlations were used in the following analyses as some of the variables

were not normally distributed (Sharipo-Wilk; Lip L*=.95, p=.006; Lip a*=.97, p=.070;

Lip b*=.98 p=.231; face L*=.97, p=.100; face a*=.97, p=.151; face b*=.96, p=.026;

attractiveness=.95, p=.008; health=.98, p=.276; sexual dimorphism=.99, p=.729). Using

parametric correlations did not qualify any of the results. All the colour variables were

correlated with the ratings using Spearman's rank (see Tables 4.8 below).
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Females

(n=31) >

Males (n=42) j. Face L* Face a* Face b* Lip L* Lip a* Lip b*
Health

rating
Attractiveness

rating
Femininity
rating

Face L* r
- -.486** -.335 .513** -.244 -.321 -.424* -.280 -.044

P - .006 .065 .004 .194 .084 .017 .126 .814

Face a* r -.510** - .412* -.072 .379* .339 .449* .235 .185

P .001 - .021 .704 .039 .067 .011 .202 .319

Face b* r -.142 .167 - .021 -.029 .136 .441* .336 .039

P .368 .289 - .912 .880 .475 .013 .065 .836

Lip L* r .141 .058 .148 - -.730** -.606** .039 .119 .111

P .375 .713 .351 - .000 .000 .839 .531 .560

Lip a* r .216 -.037 .014 -.520** - .684** .021 -.072 .139

P .169 .814 .931 .000 - .000 .911 .705 .464

Lip b* r .032 -.218 .355* -.179 .202 - .178 -.116 -.032

P .840 .165 .021 .255 .199 - .346 .540 .865

Health rating r -.323* .439** .530** .114 -.018 .138 - .769** .510**

P .037 .004 .000 .472 .909 .383 - .000 .003

Attractiveness

rating
r

-.107 .252 .489** .181 -.022 .185 .815** - .735**

P .502 .108 .001 .251 .891 .241 .000 - .000

Masculinity rating r -.414** .356* .061 .078 -.025 .002 .408* .145 -

P .006 .021 .699 .622 .875 .991 .007 .360 -

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Table 4.8 Spearman's rank correlations between allface and lip colour variables
andface ratings in female and male (shaded) faces (age 18-24).

None of the lip colour dimensions correlated significantly with any of the face ratings in

either males or females (all r<. 185, p>.241) (for full correlations see Table 4.8). To

illustrate lack of correlation in lip regions see Figures 4.9-4.11.

4.2.3.1 Attractiveness ratings

Attractiveness ratings did not correlate significantly with L* or a* in either females or

males (females; L*, r=-.280, p=.126; a*, r=.235, p=.202; males; L*, r=-.107, p=.502; a*,

r=.252, p=.108), but there was a positive trend towards significance between

attractiveness and b* in females (r=.336, p=.065) and a significant correlation in males
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(r=.489, p=.001). Males and females with more yellow in their whole face skin are rated

as more attractive looking (see Figure 4.9).

Figure 4.9 Topography ofrelations between attractiveness and skin colour. Maps display
pixels where attractiveness correlates (Spearman s Rho. p<.05 uncorrectedfor multiple
comparisons) with white-black (L*). red-green (a*), andyellow-blue (b*) for 31 female faces.
Direction ofsignificant correlations are shown by the appropriate colour (a) white indicates a
positive correlation between attractiveness and L*, black a negative correlation; (h) red indicates
a positive correlation between attractiveness and a*, green a negative correlation, (c) yellow
indicates a positive correlation between attractiveness and b*. blue a negative correlation).
(d.e.J) equivalent maps for male faces (sample n =42). Position ofcorrelating pixels are mapped
on to a relevant sex composite facial image made from all images in sample.

In a mixed ANOVA there was no significant main effect of L* level on attractiveness

ratings (F2,67=l -82, p=. 169). There was no main effect of sex of face on the attractiveness

ratings (Fii67=.00, p=.997). There was no interaction between L* level and sex of face on

107



the attractiveness ratings (F2,67=-60, p=.55). There was no main effect of rater sex on the

health ratings (Fi,67=3.14, p=.081). There was a significant interaction between sex of

rater and sex of face on attractiveness ratings (Fii67=47.95, p<.0005), in that, females rate

the female faces more attractive than the males do, whereas males rate the male faces

more attractive than the females do. There was no interaction between rater sex and L*

level on attractiveness ratings (F2)67=1.86, p=.164) or 3 way interaction between rater sex,

sex of face, and L* level on attractiveness ratings (F2>67=1.69, p=. 192).

There was no main effect of a* level on attractiveness ratings (F2j67=1.10, p=.338). There

was no interaction between a* level and sex of face (F2j67=.08, p=.928). There were no

significant main effects of rater sex, or sex of face, as reported above. There was a

significant interaction between sex of rater and sex of face on attractiveness ratings, as

reported above. There was a significant interaction between rater sex and a* level on

attractiveness ratings (F2;67=3.18, p=.048), in that, males rate low a* faces as more

attractive than females do, whereas there is no difference in male and females ratings for

both mid and high a* faces. There was no 3 way interaction between rater sex, sex of

face, and a* level (F2;67=24, p=.789).

There was a highly significant main effect ofb* level (F2)67=14.46, p<.0005), with faces

high in b* (more yellow) receiving higher attractiveness ratings than those mid or low in

b* (Scheffe post-hoc tests; both p<.0005). There was no interaction between b* level and

sex of face (F2;67=.80, p=.455), that is, the relationship between b* level and

attractiveness ratings is the same in male and female faces. There were no significant
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main effects of rater sex or sex of face as reported above. There was a significant

interaction between sex of rater and sex of face, as reported above. There was no

interaction between rater sex and b* level (F2,67=1.07, p=.350) and no 3 way interaction

between rater sex, sex of face, and b* (F2!67=1.16, p=.320).

4.2.3.2 Health ratings

In both males (n=42) and females (n=31), the whole face lightness (L*), red (a*) and

yellow (b*) variables correlated significantly with average health ratings (females; L*,

r=-.424, p=.017; a*, r=.449, p=.011; b*, r=.441, p=.013; males; L*, r=-.323, p=.037; a*,

r=.439, p=.004; b*, r=.530, p<.0005). In both males and females, those with darker,

more red and more yellow whole face skin are rated as more healthy looking (see figure

4.10).
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Figure 4.10 Topography ofrelations between apparent health and skin colour. Maps display
pixels where apparent health correlates (Spearman's Rho. p<.05 uncorrectedfor multiple
comparisons) with white-black (L*), red-green (a*), andyellow-blue (b*) for 31 female faces.
Direction ofsignificant correlations are shown by the appropriate colour (a) white indicates a
positive correlation between health and L*. black a negative correlation; (h) red indicates a
positive correlation between health and a*, green a negative correlation, (c) yellow indicates a
positive correlation between health andb*. blue a negative correlation). (d.e.J) equivalent maps
for male faces (sample n=42). Position ofcorrelatingpixels are mapped on to a relevant sex
composite facial image made from all images in sample.

In a mixed ANOVA there was a highly significant main effect of L* level (F2,67=6.74,

p=.002), with faces high in L* (lighter) receiving lower health ratings than those low in

L* (Scheffe post-hoc tests; p=.004). There was no main effect of sex of face on the

health ratings (Fi,6f=.41, p=.523). There was no interaction between L* level and sex of

face on the health ratings (F2,67=1.98, p=.24), that is, the relationship between L* level

and health ratings is the same in male and female faces. There was a significant main
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effect of rater sex on the health ratings (Fi!67=6.04, p=.017), with females giving higher

health ratings than males. There was no interaction between sex of rater and sex of face

on health ratings (Fi,67=.74, p=.39), and no interaction between rater sex and L* level on

health ratings (F2,67=2.51, p=.089) or 3 way interaction between rater sex, sex of face, and

L* level on health ratings (F2,67=2.71, p=.074).

There was a highly significant main effect of a* level (F2,67=6.12, p=.02), with faces high

in a* (more red) receiving higher health ratings than those low in a* (Scheffe post-hoc

tests; p=.023). There was no interaction between a* level and sex of face on the health

ratings (F2,67=.16, p=.849), that is, the relationship between a* level and health ratings is

the same in male and female faces. There was no main effect of sex of face, or

interaction between sex of rater and sex of face, but there was a main effect of rater sex,

as reported above. There was a significant interaction between rater sex and a* level on

health ratings (F2>67=4.54, p=.014), that is, females rated the mid and high a* faces as

more healthy than males did, and rated the low a* faces as less healthy than males did

(i.e. the positive relationship between a* and health ratings was stronger when females

were rating the faces). There was no 3 way interaction between rater sex, sex of face, and

a* level on health ratings (F2,67=.88, p=.418).

There was a highly significant main effect of b* level (F2,67=13.89, p<.0005), with faces

high in b* (more yellow) receiving higher health ratings than those mid or low in b*

(Scheffe post-hoc tests; both p<.0005). There was no interaction between b* level and

sex of face on the health ratings (F2,67=1 -28, p=.286), that is, the relationship between b*
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level and health ratings is the same in male and female faces. There was no main effect

of sex of face, or interaction between sex of rater and sex of face, but there was a main

effect of rater sex, as reported above. There was no interaction between between rater

sex and b* level (F2,67=1.19, p=.311). There was no 3 way interaction between rater sex,

sex of face, and b* level (F2,67=2.04, p=.138).

4.2.3.3 Sexual dimorphism ratings

Femininity ratings did not correlate significantly with any of the colour dimensions in

females (all r<.185, all p>.319). Masculinity ratings correlated significantly with L* and

a* in males (L*, r=-.414, p=.006; a*, r=.356, p=.021), but not with b* (r=.061, p=.699).

In males, those with darker and more red facial skin are rated as more masculine looking

(see Figure 4.11).
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Figure 4.11 Topography ofrelations between sexual dimorphism ratings (femininity in
females, masculinity in males) and skin colour. Maps display pixels where femininity correlates
(Spearman 's Rho. p<.05 uncorrectedfor multiple comparisons) with white-black (I,*), red-green
(a*), andyellow-blue (b*) for 31 female faces. Direction ofsignificant correlations are shown by
the appropriate colour (a) white indicates a positive correlation between femininity and L*. black
a negative correlation; (b) red indicates a positive correlation between femininity and a*, green a
negative correlation, (c) yellow indicates a positive correlation between femininity and b *, blue a
negative correlation), (d.e.j) equivalent maps for masculinity in male faces (sample n=42).
Position ofcorrelating pixels are mapped on to a relevant sex composite facial image made from
all images in sample.

In a mixed ANOVA there was no significant main effect of L* level on sexual

dimorphism ratings (F2,67=l .99, p=. 145). There was a significant main effect of sex of

face on the dimorphism ratings (Fi,67=7.13, p=.009), in that males were rated as more

masculine, than females were feminine. There was no interaction between L* level and

sex of face on the dimorphism ratings (F2,67= 40, p=67). There was a significant main

effect of rater sex on the dimorphism ratings (F|,67=22.37, p<005), in that males give
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higher dimorphism ratings than females give. There was no significant interaction

between sex of rater and sex of face on dimorphism ratings (Fij67=2.84, p=.097). There

was no interaction between rater sex and L* level on dimorphism ratings (F2,67=1.03,

p=.361) or 3 way interaction between rater sex, sex of face, and L* level on dimorphism

ratings (F2;67=.57, p=.569).

There was no main effect of a* level on dimorphism ratings (F2j67=1.13, p=.329). There

was no interaction between a* level and sex of face (F2j67=.21, p=.809). There were main

effects of sex of face, and rater sex as reported above. There was no interaction between

sex of rater and sex of face, as reported above. There was no interaction between rater

sex and a* level (F2,67=.66, p=.519) or 3 way interaction between rater sex, sex of face,

and a* level (F2j67=.75, p=.478).

There was a significant main effect of b* level (F2j67=3.87, p=.026), with faces high in b*

(more yellow) receiving higher dimoiphism ratings than those mid in b* (Scheffe post-

hoc tests; p=.041). There was no interaction between b* level and sex of face (F2>67=1.62,

p=.205), that is, the relationship between b* level and health ratings is the same in male

and female faces. There were main effects of sex of face, and rater sex as reported above.

There was no interaction between sex of rater and sex of face, as reported above. There

was no interaction between rater sex and b* level (F2>67=.41, p=.666) or 3 way interaction

between rater sex, sex of face, and b* level (F2i67=2.94, p=.060).
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4.2.4 Discussion

We found clear relationships between facial colour and perceptual ratings of both male

and female faces, but no relationships between colour of the lips and any face ratings.

The only colour dimension that related to attractiveness ratings was b* (yellow-blue

dimension). In both male and females, there were positive associations between b* and

attractiveness; those faces with more yellow in were rated as more attractive. The

ANOVA showed that this linear relationship was a result of those high in b* (more

yellow) being rated as more attractive than those mid or low in b* (less yellow), and the

lack of interaction with sex of face confirmed that this relationship was the same in both

male and female faces. The topographic maps show that the relationship between b* and

attractiveness exists over all areas of the facial skin in both males and females. There

was no effect of sex of rater on ratings or on the b* relationship seen (or on the lack of

relationships with L* and a*). Our results of attractiveness and increased b* support

previous findings of Fink et al. (2001), who showed that female faces with less blue in

(on B dimension ofRGB) were rated as less attractive. We have extended this work to

show the same relationship exists in both male and female faces with the b* dimension

(yellow-blue dimension) in a different colour space. As increased b* (more yellow) has

been related to increased melanin content (Seitz & Whitmore 1988; Takiwaki et al.

1994), our results seems to represent a preference for tanned skin in white European

faces. However, lower L* has also been linked to skin tanning (Seitz & Whitmore 1988;

Takiwaki et al. 1994), but our results did not find any relationship between L* and

115



attractiveness ratings. Fink et al. (2001) did also find a relationship between lightness

(Value in HSV colour space) and attractiveness ratings, with females with darker skin

(lower V) being rated as more attractive. Therefore, it is possible that b* also reflects

some other component of skin pigmentation aside from melanin, such as carotenoids,

which in white skin have been shown to have some impact on skin pigmentation (Alaluf

et al. 2002). Our result may demonstrate that higher levels of carotenoids in the skin are

seen as more attractive than skin with lower levels.

There were no associations between a* and L* and attractiveness in either male or female

faces, and no main effects of either were seen in the ANOVAs. Our result of no

relationship between redness (a*) and attractiveness ratings in either male or female faces

supports that of Fink et al. (2001), who also did not find any significant relationship in

female faces between attractiveness and the red component (R) of RGB colour space.

The topographic maps show that there is some distribution of pixels across the face that

relate red (a*) with attractiveness, but these are not widespread enough to produce a

significant result when considering the average whole face colour. There was a

significant interaction between sex of rater and a* on attractiveness, whereby males rate

low a* faces as more attractive than females do. This suggests redness of the face may be

a more important factor for females when considering attractiveness judgements,

resulting in those low in a* being rated as less attractive.

Significant correlations between whole face L*a*b and apparent health were seen in both

males and female faces. In both sexes, those with darker, more red and more yellow
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whole face skin are rated as more healthy looking. For L* there were negative

associations with health ratings. Darker skin was associated with increased health

judgements in both male and female faces. The ANOVA showed that the negative linear

relationship between L* and apparent health, is a result of those low in L* (dark) being

rated as more healthy that those high in L* (light). The ANOVA also confirmed that this

relationship between L* and health was the same in both sexes. The topographic maps

show that this relationship occurs across all areas of the right hand side of the face, and to

a lesser extent on the left hand side of the face. The reason for this relationship occurring

mainly on the right hand side of the faces is likely due to the illumination in our

photographic set-up. The pictures were taken in a room that was exposed to daylight

from the right side of the room (illuminating the left-hand side of face), therefore the

illumination would be more variable on the left hand side of the faces and could have

obscured any relationship present. Although this represents a weakness in the

experimental design, this could only be responsible for obscuring a result on the left hand

side of the face, it could not cause the significant results that we found on the right hand

side of the face, therefore our results can be considered valid.

Redness (a*) was found to correlate positively with health ratings; male and female faces

with more red were rated as more healthy looking. The ANOVA showed that this

relationship was the same in both male and female faces, and that it resulted from those

faces high in red (a*) being rated as more healthy than those low in red. The topographic

maps showed that redness relates to apparent health in all areas of the female face,

whereas in males this occurs in all areas except for the lower half of the face. It is likely
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that the presence of stubble or shaving rash in the lower part of the male faces perturbs

this correlation between health and redness. The a* dimension has been related to blood

flow. Studies in Caucasian subjects have reported close associations between

chromameter a* values (redness) and blood flow or erythema in the skin (Seitz &

Whitmore 1988; Muizzuddin et al. 1990). Our results, therefore, show that those faces

with more blood flow or those with increased oxyhaemoglobin in their blood are seen as

more healthy. There was a significant interaction between rater sex and a* on health

ratings, with a stronger relationship between a* and apparent health when females were

rating the faces. Females rated those low in a* as less healthy than males did, but rated

the mid and high a* faces as more healthy than males did. This result may indicate that

females are more discriminating of health in faces, and pay more attention to redness

colour cues when deciding the health of a face. This parallels the result found with

attractiveness, that females rated low a* faces as less attractive than males did. Females

may have more to gain by being more sensitive to cues to health in the face through

contagion avoidance which could be crucial if pregnant (see Fessler 2002, Jones, Perrett

et al. 2005).

Yellow (b*) was found to correlate positively with health ratings; male and female faces

with more yellow were rated as more healthy looking. The ANOVA showed this

relationship was the same in both male and female faces, and that it was a result of those

faces high in yellow being rated as more healthy than those mid or low in yellow. The

topographic maps show that increased yellow in all areas of the face relates to increased

judgements of health. The ANOVAs showed that there was no effect of sex of rater on

118



the relationships seen between health ratings and b*. The L* and b* dimensions have

been linked to melanin in skin pigmentation (Seitz & Whitmore 1988; Takiwaki et al.

1994), therefore, our results represent increased perceptions of healthiness in those male

and female faces possessing more melanin. Our entire sample of faces consist ofwhite

Europeans, therefore our results may show that those with more tanned skin are seen as

more healthy. This result is consistent with Fink et al. (2001) who found that darker and

less blue Caucasian female faces are seen as more attractive. As b* is also linked to

levels of carotenoids in the skin (Alaluf et al. 2002), our result may demonstrate that high

levels of carotenoids in the skin are seen as healthy.

There were no significant associations of L*a*b* with femininity ratings for the female

faces. Whereas, for the male faces, L* and a* correlated significantly with masculinity

ratings. Those male faces that were darker and more red were rated as more masculine

than those lighter and less red. The topographic maps show that the L* association exists

mainly around the areas where stubble could be present. Therefore this association of L*

is likely showing that those male faces with more stubble or "5 o'clock" shadow are rated

as more masculine, than those who do not have this present. There could be two possible

mechanisms behind this association. Some males may choose to remain unshaven, and

the presence of stubble directly affects perceptions of how masculine they look, with

more stubble making a face look more 'manly'. Alternatively, it may be that within this

age range of our sample (18-24) there will be males that are not as developed as others,

and therefore have less masculine shaped facial features (co-occurring with less stubble

growth) which are actually affecting the judgements ofmasculinity.
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Males with more red (a*) in their face are rated as more masculine. The topographic map

shows that this relationship exists in all areas of the face except where stubble may be

present. This demonstrates that those males with more red in their facial skin are

perceived as more masculine. There was no significant association between a* and

femininity in females. The ANOVAs for sexual dimorphism do not completely support

the results from the associations. No interactions were seen between sex of face and L*

and a*, even though the significant correlations were only seen in male faces. Although

ANOVAs were performed in order to validate the multiple correlations, they are more

susceptible to different types of errors, in that they are parametric statistics. The

variables are not normally distributed and therefore non-parametric Spearman's rank

correlations were used. These are more conservative statistics and are more likely to

obscure a result if present, but are buffered to the effects of outliers. As the correlations

produced a significant result, but the ANOVAs did not, it is likely that there were some

outliers in "wrong" direction on the sexual dimorphism ratings, which prevented the

significant results from being shown in the ANOVAs.

In summary, our results are consistent with Fink et al. (2001) who found that in a sample

ofwhite females, those darker and less blue are rated as more attractive. We found that

more yellow (less blue) males and females are seen as more attractive. We found that

darker, more yellow, and more red males and females are seen as more healthy looking.

We also found that more red males are seen as more masculine looking. Our results with

luminance are inconsistent with the anthropological data which suggests a general
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preference for lighter-than-average skin colour in females (see Frost 2005). However,

none of the populations used in Frost's analysis are Caucasian populations. Our result

could be explained by a preference for suntanned skin in white populations. Etcoff

(1999) suggests that tanned skin may be an honest signal of status when it is obtained

through the luxury of leisure time. A tan may therefore indicate those people able to

afford to take foreign holidays, or able to afford to spend leisure time outdoors rather than

indoors working. Alternatively, a tan may be an indicator of a healthy active lifestyle

with more time being spent outdoors. A preference for tanned skin in white populations

may also represent a preference for natural UV protection, where skin cancer has become

a prevalent concern in Western society. Although exposure to the sun, and thus a tan,

increases the risk of skin cancer, a skin which is able to tan easily is less at risk of skin

cancer than naturally very fair skin which does not tan easily. A tan may also help to

disguise skin imperfections otherwise seen on fair skin, and thus skin may appear more

healthy and attractive than without the tan. The sample we have used is a young student

sample, where skin damage due to sun exposure will not have occurred yet. It is possible

that in an older age range, a tanned skin would be indicative of a lifetime of sun damage,

and therefore would not be viewed as a healthy or attractive trait. However, our results

with b* (yellow) may also indicate that more yellow skin is seen as healthy and attractive

because it signals high levels of skin carotenoids (Alaluf et al. 2002) which may signal

underlying health. Dietary intake of carotenoids has been suggested to offer protection

against developing certain cancers, macular degeneration, cataracts and other health

conditions linked to oxidative or free radical damage (Krinsky et al. 2004).
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Our results with a* (red) and health ratings showed that facial skin with increased blood

(Seitz & Whitmore 1988; Muizzuddin et al. 1990) is perceived to look healthy. Zahavi &

Zahavi (1997) postulate that a healthy red colouring of the cheeks in climatically cold

regions could be an honest indicator of health. As peripheral blood vessels usually

contract when it is cold (hypocirculation), a red colouration of the skin under cold

conditions could demonstrate that the carrier is bearing a physiologically expensive

feature (handicap principle). More blood flow to the skin may also represent a more

healthy lifestyle with ample exercise which would improve blood circulation.

Our findings with L*a*b* and ratings demonstrate that the way facial colouration relates

to attractiveness and health is not sexually dimorphic. The health ratings correlated more

highly with the colour scores than the attractiveness ratings. This suggests that health

ratings are more impacted by colour (than attractiveness ratings). Attractiveness ratings

may be more affected by other features (perhaps shape or skin texture). It would be

necessary to see if faciometric (shape) measures relate to attractiveness ratings more than

health ratings to confirm this. Our findings extend the literature as only one study has

related colour to attributions (Fink et al. 2001), which used only female faces and

attractiveness ratings; which also used a colour space (RGB) that is less closely link with

specific skin pigments than L*a*b*.

As our findings are correlational, it is impossible to establish causation from the results.

Although it is likely that darker, more red and more yellow facial skin causes faces to

appear more healthy, it is also possible that those faces that look healthy for other reasons
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(e.g. shape) just happen to have darker, more red and more yellow skin. In order to

establish the relative role of colour in health judgments and to determine whether it is a

sufficient cue to health, Chapter 6 describes an experiment to manipulate facial

colouration in order to determine its impact on apparent health judgements. Chapter 5

first describes experiments which attempt to discover if the colour cues to perceived

health, which we have identified in this chapter, relate to a measure of underlying

biological health - hormone levels.
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5 Colour cues to hormonal levels

5.1 Introduction

The studies in Chapter 4 have shown that there are sex differences in facial colouration,

with males possessing darker, more red and more yellow faces. Although there are clear

sex differences, a healthy looking colouration was shown to not be sexually dimorphic.

Darker, more red and more yellow in the skin is perceived as healthy, and this

relationship is the same in both male and female faces. Chapter 2 showed that

reproductive hormone levels (oestrogen and progesterone) in women relate to how

attractive, healthy and feminine their faces are perceived. Chapter 3 showed that stress

hormone levels in men (Cortisol) are related to how attractive and healthy their faces

look. Chapters 2 and 3 have shown that underlying hormone levels in men and women

relate to how their faces are perceived, and Chapter 4 has shown that there are colour

correlates of facial perceptions. This chapter attempts to integrate these previous

chapters by investigating the colour cues to underlying hormone levels (testosterone and

Cortisol in men, and oestrogen and progesterone in women).

It is predicted that oestrogen will relate to skin lightness (L*) in females, as there is some

evidence that lighter skin is associated with increased prenatal oestrogen levels (Manning

et al. 2004). There is also a clear sex difference with men being darker than women in all

human cultures (see Frost 2005 for review), therefore lightness within women may be

related to sex hormone levels. It therefore may also be the case that L* relates to
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testosterone in males, with those with increased testosterone having darker skin.

Although Chapter 4 showed no relation of testosterone and perceptions ofmasculinity in

males, two previous studies (Penton-Voak & Chen 2004; Roney et al. 2006) have shown

that males with higher testosterone have faces perceived as more masculine than those

males with lower levels. As Chapter 4 has shown that darker males are perceived as

more masculine, therefore it may be that those with higher testosterone are darker than

those with lower levels.

Progesterone is another key sex hormone in females. Its rise and fall is related to fertility

across the menstrual cycle, and it is thought of as one of the main pregnancy hormones as

it remains at a high level in pregnancy (Burkit et al. 1993). Skin has been shown to

darken during pregnancy (Wong & Ellis 1984) and while taking hormonal contraceptive

pills (Steinberger et al. 1981). Skin colour has also been suggested to darken during

infertile phases of the menstrual cycle (Frost 1988), where progesterone is high. Cell

research has shown that progesterone may be involved in skin pigmentation by

stimulating the enzyme activity involved in the production ofmelanin (Maeda et al.

1996). Trait levels of progesterone therefore may be related to skin lightness (L*) and

also to b* which relates to melanin levels.

It is predicted that in males, higher testosterone will relate to more red in the face. The

primate literature demonstrates that increases in circulating testosterone are correlated

with a reddening of the sexual skin on the face and genitalia (e.g. in Mandrills;

Vandenbergh 1965). Experiments using castration caused a decrease in redness in sex
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skin, which can be restored by administration of testosterone (Michael & Wilson 1974).

The mechanism by which this occurs has been shown to be via aromatisation to oestrogen

which then increases vasodialation and thus epidermal blood flow (Rhodes et al. 1997).

Although Chapter 4 showed no relation of testosterone and perceptions ofmasculinity in

males, two previous studies (Penton-Voak & Chen 2004; Roney et al. 2006) have shown

that males with higher testosterone have faces perceived as more masculine than those

males with lower levels. Chapter 4 has also shown that males with more red in their face

are perceived as more masculine than those with less red in their face, therefore it may be

that males with higher testosterone have more red in their face than those with lower

levels.

In females, higher oestrogen is also predicted to relate to more red in the face. Oestrogen

has also been linked to sex skin changes in female non-human primates (Herbert 1970;

Bullock et al. 1972). As Rhodes et al. (1997) demonstrated, oestrogen directly causes

vasodialation and increases epidermal blood flow causing reddening.

Chapter 3 showed that males with higher Cortisol were seen as less healthy and attractive.

Chapter 4 showed that a healthy colouration is darker, more red and more yellow.

Therefore it might be expected that high Cortisol faces would be lighter, less red and less

yellow than low Cortisol faces. No studies to date have linked Cortisol to facial

colouration in non-clinical samples. In clinical samples, total deficiency in Cortisol

production (Addison's disease) produces an increase in melanin, whereas abnormally

high Cortisol production (a result of Vitiligo) causes loss of melanocytes and thus the skin
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lightens. It is difficult to translate these clinical manifestations of Cortisol levels into

predictions about normal populations, however, it may be possible that Cortisol levels will

relate to melanin (represented by b* and L*; Seitz & Whitmore 1988, Takiwaki et al.

1994) in healthy individuals.
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5.2 Methods

5.2.1 Images andphotography

Participants' faces were the same 31 females and 44 males as in used in Chapter 2

(females), 3 (males), and 4 (both males and females). One male image was excluded as

the photograph was slightly overexposed, therefore the colour values would have been

affected.

5.2.2 Hormone measurement

Female hormone measurement (oestrogen and progesterone) was as in reproductive

hormones and appearance study 2 (see methods 2.2). Male Cortisol and testosterone

measurement was as in male appearance and hormones study 3 (see methods 3.2). One

male sample was excluded because pm testosterone assay was a significant outlier

(Grubbs test; z=3.46, p<.01).

5.2.3 Colour analysis

Facial images were warped to the same shape and analysed for colour as in sex

differences study 4.1 and colour attributions study 4.2 (see methods 4.1.2). Whole face

skin colour values to correlate with hormone levels were calculated by averaging L* a*

and b* of all available skin colour; face skin (excluding lips and eyes) ears and upper

neck. For females, ears were not included in the analysis as majority were covered by

their hair. Lip skin colour values were calculated by average pixels inside the lip line
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(see Figure 4.1). Average colour values were correlated with perceptual ratings using

Spearman's rho as not all the ratings were normally distributed (see results 5.3).

Topographic maps were created in MATLAB 7.0 by correlating the colour values at

corresponding points across the face with the hormone levels using Spearman's rank.

Pixels with r values of p<.05 are plotted with the colour corresponding to the direction of

correlation. Colour maps are superimposed on a composite face of all the relevant sex

students from the sample.

5.2.4 Colour calibration

The colour calibration section in Chapter 4 describes the systematic bias of the camera.

Calibrated colour values were used in current study as they more accurately reflect the

actual colour of the participants' skin than the colour values of the photographs, and

therefore are more accurate for relating to the hormone levels. Although, there would

actually be no differences in the correlational analyses between using calibrated and

uncalibrated images as spearman's rank correlations were used. Therefore, even if the

colour values became more closely bunched as a result of the gradient of the calibration

(position would be unaffected by a linear offset), the overall position (rank) is unaffected.
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5.3 Results

Non-parametric correlations were used in the following analyses as some of the variables

were not normally distributed (Sharipo-Wilk; Lip L*=.95, p=.006; Lip a*=.97, p=.070;

Lip b*=.98 p=.231; face L*=.93, p=.366; face a*=.95, p=662; face b*= 85, p=.041;

female oestrogen=.81, p=.013; female progesterone=.90, p=.174; male testosterone^.99,

p=.95; male cortisol=.94, p=.039). Using parametric correlations did not qualify any of

the results. All the colour variables were correlated with the hormones using Spearman's

rank (see Table 5.1 below).

Females

(n=31) —>

Face L* Face a* Face b* Lip L* Lip a* Lip b*

Late
follicular

oestrogen
Luteal

progesterone CortisolMales (n=42) J,
Face L* r - -.485** -.361* .514** -.281 -.427* -.297 -.083 -

P - .006 .046 .004 .132 .019 .111 .669 -

Face a*
r -.485** - .394* -.053 .338 .317 .363* .338 -

P .001 - .028 .780 .067 .088 .049 .073 -

Face b*
r -.111 .175 - .048 -.027 .173 .277 .228 -

P .485 .267 - .800 .888 .361 .138 .233 -

Lip L*
r .137 .080 .123 - -.730** -.606** .208 .192 -

P .389 .615 .439 - .000 .000 .279 .328 -

Lip a*
r .191 -.053 .030 -.520** - .684** -.050 -.088 -

P .225 .739 .852 .000 - .000 .799 .654 -

Lip b*
r .062 -.224 .371* -.179 .202 - .111 .144 -

P .697 .155 .016 .255 .199 - .568 .466 -

Late follicular
r - - - - - - - .330 -

oestrogen P - - - - - - - .087 -

Luteal
r - - - - - - - -

-

progesterone P - - - - - - - -

-

Cortisol
r .126 .120 -.332* -.154 .038 -.220 - -

-

P .427 .448 .032 .332 .809 .162 - -

-

Testosterone
r -.056 .311* .013 .092 .024 -.153 - - .141

P .725 .045 .933 .564 .879 .335 - - .373

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
Table 5.1 Correlations between allface and lip colour dimensions and hormone
levels forfemales (n=31) and males (n=42, shaded area oftable).

130



None of the lip colour dimensions correlated significantly with any of the hormone levels

in either males or females (all r<.220, p>.162). To illustrate lack of correlation in lip

regions see Figures 5.2 and 5.3.

In females (n=31), late follicular oestrogen levels correlated significantly with whole face

a* (red) (r=.363, p=.049), but not whole face L* (r=-.297, p=.l 11) or b* (yellow) (r=.277,

p-.138) (see Figure 5.2, a,b,c). In females, luteal progesterone levels did not correlate

significantly with whole face L* (r=-.083, p=.669), a* (r=.338, p=.073), or b* (r=.228,

p=.192) (see Figure 5.2, d,e,f). Females with higher oestrogen levels have redder face

skin than those with lower levels.
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Figure 5.2 Topography ofrelations between female skin colour and reproductive hormone
levels. Maps displaypixels where late follicular oestrogen levels correlates (Spearman's Rho.
p<.05 uncorrected) with white-black (L *), red-green (a*), andyellow-blue (b*) for 31 female
faces. Direction ofsignificant correlations are shown by the appropriate colour (a) white
indicates a positive correlation between oestrogen and L*. black a negative correlation: (h) red
indicates a positive correlation between oestrogen and a*, green a negative correlation, (c)
yellow indicates a positive correlation between oestrogen and b*. blue a negative correlation),
(d.e.j) equivalent maps forfemale faces and lutealprogesterone levels. Position ofcorrelating
pixels are mapped on to a female composite facial image made from allfemale images in sample.
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In males (n=42), testosterone levels correlated significantly with whole face a* (red)

(r=.311, p=.045), but not whole face L* (r=-.056, p=.725) or b* (r=.013, p=.933) (see

Figure 5.3, a,b,c). In males, Cortisol levels correlated significantly with whole face b*

(yellow) (r=-.332, p=032), but not whole face L* (r=. 126, p=.427) or a* (red) (r=.120,

p=.448) (see Figure 5.3, d,e,f). Males with higher testosterone levels have redder faces

than those with lower levels. Males with lower Cortisol levels have more yellow faces

than those with higher levels.

Figure 5.3 Topography ofrelations between male skin colour and hormone levels. Maps display
pixels where testosterone levels correlates (Spearman's Rho, p<.05 uncorrected) with white-black (L*),
red-green (a*), andyellow-blue (b*) for 42 male faces. Direction ofsignificant correlations are shown by
the appropriate colour (a) white indicates a positive correlation between testosterone andL*, black a
negative correlation; (b) red indicates a positive correlation between testosterone and a*, green a negative
correlation, (c) yellow indicates a positive correlation between testosterone and b*, blue a negative
correlation). (d,e,f) equivalent maps for malefaces and Cortisol levels. Position ofcorrelating pixels are
mapped on to a male composite facial image made from all male images in sample.
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5.4 Discussion

We have shown that there are colour correlates of underlying hormone levels in both men

and women. Women with higher levels of urinary oestrogen metabolite have more red in

their faces than those with lower oestrogen levels. Men with higher levels of salivary

testosterone have more red in their faces than those with lower testosterone levels. Men

with lower levels of salivary Cortisol have more yellow in their faces than those with

higher Cortisol levels.

The topographic maps show that oestrogen relates to redness in all areas of the female

face, except notably the upper cheeks. It is likely that cheek redness relates to many

other factors than just oestrogen levels (e.g. exercise status or fitness levels) and therefore

disrupts any correlation with oestrogen that would otherwise be seen. Testosterone in

males is shown to relate to redness is all areas of the face. These two results in males and

females are important as they are the first demonstration of the impact of hormones on

facial colouration in the same way that these hormones relate to sexual skin colouration

in old world primates (Vandenbergh 1965; Michael & Wilson 1974; Herbert 1970;

Bullock et al. 1972; Bercovitch 1992). It is likely that the mechanism by which these

hormones increase redness is the same as has been demonstrated in primates (Rhodes et

al. 1997), with oestrogen directly causing vasodialation and increasing blood flow to the

skin, and testosterone acting indirectly via aromatization to oestrogen.
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Cortisol relates to b* in all areas of the male face; those with lower Cortisol have more

yellow in their faces. The result with Cortisol and b* is intriguing, but it is difficult to

establish the causality of this relationship and the underlying mechanism. It is possible

that elevated Cortisol levels decrease melanin in the skin. In clinical samples of Vitiligo,

abnormally high Cortisol production due to an autoimmune reaction, in which the body

mistakenly attacks its own cells, causes loss ofmelanocytes and the skin lightens.

Repigmenting treatment has been shown to significantly reduce plasma Cortisol levels

(Radakovic-Fijan et al. 2001). Conversely, severe or total deficiency of production of

Cortisol, caused by destruction of the adrenal cortex, is called Addison's disease (primary

adrenal insufficiency), with the most visible symptom being a darkening of the skin. The

skin darkens due to the increase in circulating adrenocorticotrophic hormone (ACTH),

produced in the pituitary gland, which usually stimulates production of Cortisol from the

adrenal cortex. ACTH is a derivative of propriomelanocortin and when levels are raised,

melanin production is stimulated (Hadley & Haskell-Luevano 1999). Therefore, it is

possible that there is a continuum of how Cortisol relates to melanin, and that within a

normal non-clinical sample, individual variation in melanin or b* will relate to individual

differences in Cortisol levels. The relationship with b* may alternatively represent a

relationship between Cortisol levels and carotenoid levels in the skin, in that high levels

of stress impacts on physical condition and depletes the stores of antioxidants in the skin.

However, it is also entirely possible, that the relationship between Cortisol and b* is a

result of a more indirect relationship. For example, stressed individuals may stay indoors

more and therefore have less tanned skin than less stressed individuals; or stressed
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individuals may neglect their diet and therefore consume fewer vegetables therefore

resulting in lower skin carotenoid levels. Further studies would be necessary to

determine the causality and mechanisms behind this result. Nevertheless, Cortisol levels

do correlate with skin colouration in males, and thus could serve as a cue to stress

hormone levels for perceivers.

The findings from this chapter extend those in Chapters 2 and 3 that linked perceptions of

facial appearance to the oestrogen and progesterone levels (in women) and Cortisol levels

(in men). We have now identified at least one type of cue to hormone levels that exists -

facial colouration. Our findings also extend those in Chapter 4 that linked facial

colouration to perceptions of facial health, by showing that facial colouration is indeed

linked to a measure of actual health; underlying reproductive and stress hormone levels.

Chapter 6 investigates the relative role of facial colouration in judgements of health with

an experiment to independently manipulate facial colouration.
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6 The impact of independent manipulation of colour on apparent

health of faces

6.1 Introduction

We have shown in Chapter 4 that increased red (a*) and yellow (b*) of facial skin in

both men and women are associated with increased ratings of apparent health.

Chapter 5 has shown that increased red (a*) and yellow (b*) of facial skin are

associated with hormone levels. Increased red is associated with reproductive

hormone levels, namely higher testosterone (T) in males and higher oestrogen (Oe)

metabolite in females. The relationship between redness and T in males and Oe in

females is directly comparable with findings in old world primates (Vandenbergh

1965; Michael & Wilson 1974; Rhodes et al. 1997; Herbert 1970; Bullock et al.

1972). Additionally, we also found that increased yellow was associated with

decreased Cortisol levels in males. The causality of this cortisol-yellow relationship is

unknown, but as the relationship exists it may nonetheless be used as a cue to health

when making attributions about a face.

All our reported relationships between colour and apparent health or hormones are

correlational. Although it is likely that red and yellow makes a face appear healthy, it

is also possible that those faces that appear healthy for other reasons just happen to

have more red and more yellow in their faces. The differences in colour (although

real) might not be perceived and therefore may not be contributing to the apparent

health judgements of the faces. A similar idea follows for the hormonal correlations;

that those individuals with increased testosterone and oestrogen may have more red in
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their faces, but is this contributing to the faces looking healthy? Indeed, Chapters 2

and 3 have shown that there are many differences apparent in the faces of those

differing in hormonal levels (see composite faces, females; Figure 2.3 and males;

Figures 3.3 and 3.4), not just colour differences. Therefore in order to see how colour

of the face alone impacts on the perception of facial health, an experiment to

independently manipulate colour must be conducted.

In the following experiment we have independently manipulated the colour

dimensions a* (red) and b* (yellow) in the face that have been shown to be related to

apparent health (Chapter 4) and hormone levels (Chapter 5), whilst keeping intensity/

lightness (L*), shape and texture constant. We predict that increasing the red (a*), or

increasing the yellow (b*) in both male and female faces will increase the apparent

healthiness of the face. Furthermore, faces originally low in red or yellow should

benefit most from colour alteration.

In an attempt to test the generalisability of our hypotheses about healthy colouration

to different types of faces, we have included faces from different ethnic backgrounds;

white European males and females, mixed ethnic minority females (West Asian, East

Asian and Afro-Caribbean origin), and black South Africa males. We also attempt to

see whether evaluators of different cultural backgrounds agree on what constitutes a

healthy colouration, by conducting the manipulation experiment in South Africa, as

well as Scotland. We also went on to subsequently test a subset ofwhite faces on

evaluators in Australia. We hypothesise that if a red and yellow colouration is a

signal of hormonal health in all human faces (as we have found for white European

faces in Chapter 6), then all types of faces should benefit from the addition of red and
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yellow, with those originally low in both benefiting from more colour increment.

Likewise, evaluators from different cultures should agree on what constitutes a

healthy colouration.



6.2 Methods

6.2.1 Stimuli

The face images consisted of 14 males aged 19-24 (mean=20.92), 14 females age 18-

23 (mean=21.14) Caucasian; 13 females non-Caucasian (Afro-Caribbean, and Asian

ethnicity, age 19-24, mean=20.7) students of St Andrews University, and 13 male

Black African (students ofUniversity ofNatal, S.A. age 19-24).

Images were transformed to allow participants to manipulate interactively (see Perrett

et al. 1998) colour of all regions of the face, ears and neck (excluding the eyes, lips

and hair) along a* or b* axis keeping luminance (L*) constant. Lips were not

modified as lip colour did not correlate with hormone levels or with face health

ratings.

Colour was altered by transforming pixels of visible skin in 12 steps (13 images)

covering +/-8 units in a* or b*. Figure 6.1 shows example of stimuli; (a) original

image, and endpoints along the a* axis; (b) minus 8 units of a*, and (c) plus 8 units of

a*; and endpoints along the b* axis; (d) minus 8 units of b*, and (e) plus 8 units of b*.

This range of 16 units is twice that of the Caucasian sample's range in a* (8 units).

This range was chosen for 2 reasons; i) to avoid ceiling effects when participants

manipulated colour; if the range was limited to only the normal colour range then

participants may simply push the interactive scale to the upper limit of red or yellow

on each trial; ii) to ensure that both endpoints of the transform were "adverse" - as we

predict that faces will benefit from the addition of red or yellow, we wanted the upper

endpoint to appear adverse (i.e. too yellow or too red), as the lower endpoint of each
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trial will be a face that appears blue or green. Therefore any results indicating a

preference for red or yellow could not be interpreted as simply an aversion to green or

blue.

Figure 6.1 Colour manipulation experiment stimuli. Example oforiginalface (a)
and endpoints of interactive colour transform stimuli along red-green axis (b,c) and
yellow-blue axis (d,e). Originalface minus 8 units ofa* (b), plus 8 units ofa* (c),
minus 8 units ofb * (d), plus 8 units ofb* (e).

6.2.2 Participants

20 white European (University of St Andrews students, age range 17-22, mean 19.8

years, 10 male) and 20 black African participants (Pretoria University students, age

19-27, mean 22.5 years, 10 male). 16 white Australian residents (Perth University,

aged 21-38, mean=25.4 years, 6 male).
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6.2.3 Procedure

Participants were asked to manipulate face images by moving the computer mouse

laterally across the screen and choose the healthiest appearance from the range

available. Participants could modify the skin colour along either red-green (a*) or

blue-yellow (b*) colour axes but were not told how their manipulations affected

images. The colour axis (a* or b*) and control direction was randomised across trials.

Starting colour also varied in magnitude and direction across trials (i.e. faces did not

always start with their original colour). Male and female, Caucasian and non-

Caucasian faces were presented in different trial blocks each containing 13-14

different faces. The colour of the monitor displays was calibrated to gamma 2.2,

whitepoint D65 using a ColourVision Spyder2Pro.

6.2.4 Colour calibration

The colour calibration section in Chapter 4 describes the systematic bias of the St

Andrews camera. Calibrated colour values have been used in the studies where no

perceptual judgements were used. In this study, however, uncalibrated colour values

are used in the analyses as the perceptual judgements when manipulating images were

made using uncalibrated images. It is more important to know the colour of the

images that were presented to the participants for manipulation, than the original

values.
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6.3 Results

6.3.1 Overall colour changes

The overall colour change for each group of face stimuli to achieve healthiest

appearance was tested using one-sample t-tests against the null hypothesis of no

colour change, for each group of participants (see Table 6.2 below).

Participants

Colour Face Female Male Female Male All All All
SA SA UK UK All SA All UK females males subjects

change stimuli (n=10) (n= 10) (n= 10) (n= 10) (n=20) (n=20) (n=20) (n=20) (n=40)

a* Black SA male T 1.78 2.07 .499 5.97** 4.18** 4.40** 1.43 5.55** 5.14**

(green-
red)

faces (n=13) P .100 .061 .627 .000 .001 .001 .178 .000 .000

Non-white UK T 4.64** 1.13 7.07** 6.02** 3.25** 7.67** 6.30** 3.49** 5.67**

female faces

(n=13)
P .001 .280 .000 .000 .007 .000 .000 .004 .000

White UK T 3.75** 6.85** 8.47** 13.12** 6.97** 12.58** 6.65** 9.83** 9 51**

female faces

(n=14)
P .002 .000 .000 .000 .000 .000 .000 .000 .000

White UK T 3.57** 6.08** 3.81** 6.45** 5.29** 5.11** 4.02** 6.73** 5.45**

male faces

(n=14)
P .003 .000 .002 .000 .000 .000 .001 .000 .000

b* Black SA male T 6.90** 9.29** 6.68** 7.84** 9.27** 10.38** 8.33** 13.03** 12.99**

(blue-
yellow)

faces (n=13) P .000 .000 .000 .000 .000 .000 .000 .000 .000

Non-white UK T 14.30** 10.01** 11.27** 11.34** 15.70** 12.37** 19.12** 11.93** 15.72**

female faces

(n=13)
P .000 .000 .000 .000 .000 .000 .000 .000 .000

White UK T 13.97** 19.54** 32.24** 35.01** 25.28** 38.63** 32.27** 34.67** 39.73**

female faces

.InfJi).
P .000 .000 .000 .000 .000 .000 .000 .000 .000

White UK T 17.69** 17.45** 12.99** 21.67** 22.13** 17.57** 18.83** 22.57** 22.50**

male faces
(n=14)

P .000 .000 .000 .000 .000 .000 .000 .000 .000

Table 6.2 One-sample t-tests against null hypothesis ofno colour change to
achieve healthiest appearancefor each group offace stimulifor each group of
participants
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Overall change in a * (red)

For each group of faces, the average change to colour (of all participants) showed an

increase in red (a*) to achieve healthiest appearance for each group of faces (see

Table 6.2, column: All Subjects (n=40) for t and p values).

For each group of faces, the average of evaluators of each ethnicity increased red (a*)

for each group of faces (see Table 6.2, columns: All SA (n=20), and All UK (n=20)

for t and p values).

For each group of faces, the average of evaluators of each sex increased red (a*) for

each group of faces, except for females changing black SA male faces (see Table 6.2,

columns: All females (n=20), and All males (n=20) for t and p values).

Overall change in b * (yellow)

For each group of faces, the average change to colour (of all participants) showed an

increase in yellow (b*) to achieve healthiest appearance (see Table 6.2, column: All

Subjects (n=40) for t and p values).

For each group of faces, the average of evaluators of each ethnicity increased yellow

(b*) for each group of faces (see Table 6.2, columns: All SA (n=20), and All UK

(n=20) for t and p values).
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For each group of faces, the average of evaluators of each sex increased yellow (b*)

for each group of faces (see Table 6.2, columns: All females (n=20), and All males

(n=20) for t and p values).

6.3.2 Colour change dependent on starting colour

Correlational analysis was used to investigate the relationship between whole face

starting a* and b* and change in a* and b* for each of the face stimuli groups and

each of the participant groups. All correlations are shown in Table 6.3 below.

Shapiro-Wilk tests were used to determine if the starting colour variables were

normally distributed; black SA males, whole face a*=.902, p=.144, df=13, whole face

b*=.864, p=.044; non-white females, a*=.912, p=.195, df=13, b*=.966, p=.847; white

females, a*=.903, p=.124, df=14, b*=.933, p=.333; white males, a*=.972, p=.903,

b*=.974, p=.921. Pearson's r correlations were used for all variables that were

normally distributed (all except one). For the variable that was not normally

distributed (whole face b* in black SA males), Spearman's rank correlations were

used.
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Participants
Whole
face

Face Female Male Female Male All All All
starting SA SA UK UK All SA All UK females males subjects
colour stimuli (n= 10) (n=10) (n=10) (n=10) (n=20) (n=20) (n=20) (n=20) (n=40)

a* Black SA male R -.466 .231 -.278 -.574* -.287 -.580* -.487* -.307 -.579*

(green-
red)

faces (n= 13) P .054 .224 .179 .020 .171 .019 .046 .154 .019

Non-white UK R -.523* -.703** -.661** -.256 -.719** -.549* -.641* -.595* _ 714**

female faces

(n=13)
P .033 .004 .007 .199 .003 .026 .009 .016 .003

White UK R -.742** -.817** -.738** -.611* -.906** -.836** -.793** -.770** -.913**

female faces

(n=14)
P .001 .000 .001 .010 .000 .000 .000 .001 .000

White UK R -.727** -.532* -817** -.805** -.711** -.839** -.843** -.719** _ 819**

male faces

(n=14)
P .002 .025 .000 .000 .002 .000 .000 .002 .000

b* Black SA male R -.143 -.505* -.368 .027 -.220 -.170 -.313 -.192 -.346

(blue-
yellow)

faces (n= 13) P .321 .039 .108 .465 .235 .289 .149 .265 .123

Non-white UK R -.575* -.570* -.135 -.008 -.765** -.078 -.463 -.301 -.389

female faces

....("=1.3).
P .020 .021 .330 .490 .001 .400 .056 .159 .095

White UK R -.206 -.369 -.723** -.363 -.429 -.635** -.624** -.489* -.662**

female faces

.infli)
P .240 .097 .002 .101 .063 .007 .009 .038 .005

White UK R .057 -.641* -.864** -.747** -.351 -.889** -.671** -.800** -.800**

male faces
(n=14)

P .424 .007 .000 .001 .109 .000 .004 .000 .000

*Correlation is significant at the 0.05 level (1-tailed).
**Correlation is significant at the 0.01 level (1 -tailed).
Table 6.3 Correlations between starting a * and b* offace stimuli (byface group)
and change in a * and b * applied by groups ofparticipants.

Change in a * dependent on starting a *

Average alteration (of all participants) of a* across all 54 test facial images correlated

with starting a*: faces low in starting red (a*) received more red (r54=-0.564,

p<0.0005) to maximize health appearance. Correlations were consistent across

evaluator ethnicity and sex subgroups (all r54<-0.339, p<0.006).

For each group of faces, the average of all participants showed significant negative

correlations between starting a* and change in a*; those faces low in a* were

incremented with more a* (see Table 6.3, column: All subjects (n=40), for r and p

values).
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For each group of faces, the average of evaluators of each ethnicity showed

significant negative correlations between starting a* and change in a*, except for SA

participants for black SA male faces, which was due to the male SA participants

having a non-significant result (p=.224), whereas there was a trend for female SA

participants was a trend, (p=.054) (see Table 6.3, columns: All SA (n=20), and All

UK (n=20) for r and p values).

For each group of faces, the average of evaluators of each sex showed significant

negative correlations between starting a* and change in a*, except for male

participants for black SA male faces, which was due to the male SA participants

having a non-significant result (p=.224), whereas there was a significant result for

male UK participants (p=.020) (see Table 6.3, columns: All females (n=20), and All

males (n=20) for r and p values).

Change in b * dependent on starting b *

Average alteration (of all participants) of b* across all 54 test facial images correlated

with starting b*; faces low in starting yellow (b*) received more yellow (r54=-0.702,

p<0.0005) to maximize health appearance. Correlations were consistent across

evaluator ethnicity and sex subgroups (all rs4<-0.496, p<0.0005).

For each group of faces, the average of all participants showed significant negative

correlations between starting b* and change in b*; those faces low in b* were
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incremented with more b*, except for black SA male faces, and a trend in non-white

UK female faces (see Table 6.3, column: All subjects (n=40), for r and p values).

For each group of faces, the average ofUK evaluators showed significant negative

correlations between starting b* and change in b* for white male and white female

faces, but not for black SA male faces and non-white female faces. The average of

SA evaluators showed a significant negative correlation between starting b* and

change in b* for non-white female faces and a trend for white female faces, but not

for black SA male faces or white male faces (see Table 6.3, columns: All SA (n=20),

and All UK (n=20) for r and p values). These two SA null results were due to non¬

significant correlations from the female SA evaluators, as the male SA evaluator

correlations were significant.

For each group of faces, the average of evaluators of each sex showed significant

negative correlations between starting b* and change in b* for white male and white

female faces, but not for black SA male and non-white female faces (see Table 6.3,

columns: All females (n=20), and All males (n=20) for r and p values).

Although the results above demonstrate that there are some differences between

evaluators for a* change for the black SA male faces, and for all groups on the b*

change, the results using the average all evaluators shows significant correlations

between starting colour and colour change for all face groups, therefore results are

plotted to demonstrate the overall relationships for different face groups (see Figure

6.4).

148



Regression analysis

Regressions were performed on each face group (pooled across evaluators) to

determine the percentage ofvariance in change in a* orb* explained by starting a* or

b* (see r2 values on Figure 6.4).
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6.3.3 Australian sample results

Australian participants increased red (white female faces, t2i=14.92, p<0.0005; white

male faces, t2i=7.28, p<0.0005) and yellow (white female faces, t2i=51.38, p<0.0005;

white male faces, t2i=30.00, p<0.0005) levels to enhance health appearance of 44

male and female white faces. Participants added more red (a*) to those faces

originally low in red (a*) (white female faces, r22=-.729, p<.0005; white male faces,

r22=-.881, p<.0005). Participants added more yellow (b*) to those faces originally

low in yellow (b*) (white female faces, r22=-.646, p<.0005; white male faces, r22=-

.673, p<.0005).
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6.4 Discussion

We have found in this experiment that the increase of red (a*) and yellow (b*)

impacts favourably on apparent health of faces. Overall, the average of all

participants increased red and yellow of all the face types to make them look most

healthy. When analysing each participant group (by sex and ethnicity), we found that

all participant groups increased red and yellow of each face type group, except for

females who did not significantly increase the red of the black SA male faces. This

result was due to both the female SA participants and the female UK participants not

increasing the red. Australian participants also increased the red and yellow of both

male and female white faces.

Correlations were also found between starting a* (red) and change in a*, that is, those

faces starting originally low in red were incremented with the most red to make them

appear most healthy. The correlations between starting a* and change in a* were

significant for the average of all participants on each of the face type groups.

However, when analysing the participant groups separately (by sex and ethnicity)

some differences are seen. All participant groups increased red relative to starting red

for each of the face type groups, except for male SA participants and female UK

participants changing black SA male faces, and male UK participants changing non-

white female faces.

Correlations were found between starting b* (yellow) and change in b* that is, those

faces starting originally low in yellow were incremented with the most yellow to

make them appear most healthy. The correlations between starting b* and change in
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b* were significant for the average of all participants for white male and female faces,

but not for the black male and non-white on each of the face type groups.

The lack of significant results between starting colour and change in colour are

mainly found in the black SA males and non-white female faces. The regression

analysis also show that the relationships reported for starting colour and change in

colour seem to be strongest for white faces (see Figure 6.4) as shown by the r square

regression values. A lack of correlation might be due to the presence of higher

melanisation in the non-white female faces and the black South African faces than the

white European faces. The changes in red and yellow may be less apparent in darker

skin, and therefore the relationships, are weaker than those found in the white faces.

Alternatively, this could be an artefact of the range of the starting face colours used.

We had a large sample of white faces to choose our stimuli from, and therefore we

were able to use stimuli which covered a wide range of starting colour, whereas our

samples of black SA male faces was limited by our collaboration image collection.

Our non-white female sample consisted of every single non-white female that we had

photographed. Figure 6.4 shows that range in a* for white faces is over 8 units,

whereas the range, whereas is only 6 units for black male faces, and less than 4 units

for non-white female faces. However, for starting b*, white and black faces both had

a range of 6 units, and non-white females actually had a larger range of over 10 units

(because of the inclusion ofblack, east Asian and west Asian faces which differ

largely in melanisation).

Our results indicate that the definition of a healthy colouration (increasing red and

yellow) seems to be the same for faces of different ethnic origins, and also that
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evaluators of different cultural backgrounds and ethnic origins also agree on what

constitutes a healthy colouration. This healthy colouration is indicative ofmelanin

(b*) or carotenoid level (b*), and blood vascularization (a*) levels raised relative to

the local population. Skin colour could indicate health through the association with

hormonal status that we report in Chapter 6; that red facial skin indicates higher levels

of reproductive hormones; oestrogen (in women) and testosterone (in men); and that

yellow facial skin correlates with lower levels of the stress hormone Cortisol (in men).

Although we only tested white participants in Chapter 5, it is plausible that the same

mechanism occurs in all human faces, the relation of redness and blood flow with

reproductive hormone levels. The existence of this relationship in old world primates

(Vandenbergh 1965; Michael & Wilson 1974; Rhodes et al. 1997; Herbert 1970;

Bullock et al. 1972) would support this idea.

The colour appearance along the yellow axis is also induced by exposure to sunlight,

creating a tanning of the skin (Seitz & Whitmore 1988, Takiwaki et al. 1994). Long-

term exposure to UV ages the skin and increases the risk of skin cancer; so this result

seems paradoxical, that a healthy appearance should be equated with an indicator of

potentially harmful exposure. As discussed in Chapter 5, a tanned skin on a youthful

face may indicate a healthy, active and outdoors lifestyle, and therefore a tan would

be viewed as a positive and healthy attribute. Whereas on older faces, a tanned skin

may represent a lifetime ofUV exposure and therefore might not be viewed as a

positive attribute. The yellow component of skin (b*) has also been shown to be

closely associated with carotenoid levels in the skin (Alaluf et al. 2002), and therefore

our result may also demonstrate that higher levels of carotenoids in the skin are seen

as healthy.
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The use of uncalibrated images in this experiment is not ideal as they do not represent

the actual colour of the faces. The results of the camera calibration (described in

Chapter 4) show that there was a systematic red (a*) bias in the camera; the

photographs appeared redder than in reality. This is in the opposite direction to the

results in the current chapter, that participants add red to make faces appear more

healthy. As the images were redder than they should have been, this result cannot be

explained by the camera bias i.e. participants were not just adding red into the images

in order to make them appear more 'normal'. However, the systematic bias of the

camera on the b* dimension was in the same direction as the result we obtained. The

camera made images appear bluer than in reality, and participants added more yellow

to the images (making them appear less blue) to appear most healthy. Therefore, this

result of the current chapter could be due to participants simply adding yellow into the

images to make them appear more 'normal'. In order to demonstrate clearly that the

addition of yellow is perceived as a healthy trait, the experiment would need to be

replicated with calibrated images.

Another potential confound of the current study is that we are unable to calibrate the

camera used to take the images of the South African black males. This means we are

unable to see if the manipulation results on this subset of images could have been

produced as a result of a camera bias. However, it is unlikely that the South African

camera would have the same type of bias as the St Andrews camera. It could

therefore be seen as an asset that the images used in this experiment came from

different cameras.
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7 Relative luminance of facial features; a cue to sex, health, and

sexual dimorphism

7.1 Introduction

Chapter 4 showed a sex difference in the luminance of the face, with male face and lip

skin being darker than females. Darker male and female faces were also rated as more

healthy looking than lighter faces. Darker male faces were also rated as more masculine

than lighter faces. So far however, we have looked for relationship with whole face

colour and lip lightness separately. In this chapter we consider the relationship between

lip and face luminance; whether there are sex differences and also how this relative

luminance impacts on perceptual ratings.

Only one study has focused on the relative luminance of features within the face and its

relevance to attractiveness. Russell (2003) used photographs ofmen and women,

manipulating the relative luminance of lips and eyes; the luminance of the iris and around

the rim of the eye, relative to the luminance of the rest of the face. In three experiments

female faces were more attractive with the luminance difference increased than with it

decreased. The absence of an effect in a fourth experiment was explained by the

appearance of tanned skin in the decreased luminance female face. The opposite result

was found for male faces; they were more attractive with the luminance difference

decreased than increased. Russell proposed relative luminance might be a sexually

dimorphic facial attribute; with females naturally possessing a greater difference between
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their lips and eyes and the rest of the face than males. If a sex difference exists, then it

could explain why the same manipulation had opposite effects on attractiveness on male

and female faces. Increasing the sexual dimorphism of a female face is known to

increase female attractiveness (Perrett et al. 1998). The similarity of Russell's

manipulation effect to the common usage of cosmetics in females to darken the mouth

and around the eyes was also noted (Corson 1972). A causal link is suggested, with

cosmetics being used on females to emphasise the sexual dimorphism already present.

Sadr et al. (2002) found that attractiveness ratings given to blurred faces were consistent

with the ratings given to original faces. This suggests that attractiveness judgements may

be in part guided by low-frequency information. This finding might be relevant, in that

relative luminance in the face is maintained in low-frequency information.

The present study aims to examine the relative luminance in unmodified images, to see

whether there are natural sex differences and also to determine how relative luminance of

facial features relates to judgements of attractiveness, health, and sexual dimorphism in

men and women. We analyse the luminance of the lips relative to that of the rest of the

skin on the face. Although Russell (2003) manipulated luminance of the iris, we will not

analyse this as there are no sex differences in iris colouration, and eye colour is not

intrinsically linked to skin colour. A sex difference is predicted with women possessing

greater relative luminance between the lips and the rest of the face, than men. This

sexual dimorphism is predicted to impact on the way the faces are perceived. For

women's faces, those with greater relative luminance are predicted to be rated as more
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feminine, attractive and healthy. For men's faces, those with lower relative luminance

are predicted to be rated as more masculine, attractive and healthy.
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7.2 Methods

7.2.1 Stimuli

Participants for photographs were 51 male and 52 female white students from the

University of St Andrews (age range 17-25 years, mean male age = 19.9, SD=1.7; mean

female age = 20.2, SD=1.6). This image collection was an expanded set of those images

used in Chapters 2-5. Participants were photographed in a neutral expression, under

standard conditions with diffuse flash lighting from two lateral flashguns. Images were

captured on a digital camera (Fujix DS-300) at a resolution of 1200 x 1000 pixels in

uncompressed TIFF format using sRGB encoding. All female students reported wearing

no makeup. For presentation to raters, the faces were aligned on inter-pupillary distance

and masked around the face line so cues to hair and clothing were reduced.

7.2.2 Face ratings

Participants for the ratings task were 15 female and 14 male students from the University

of St Andrews (age, M=20.1, SD=2.6, range 18-25), as reported in Chapter 2 (females)

and 3 (males). All received payment for their participation. The individual masked faces

were rated for attractiveness on a 7-point scale from l=very unattractive to 7=very

attractive. Faces were presented in random order. This procedure was repeated rating the

faces for apparent health (l=very unhealthy to 7=very healthy) and sexual dimorphism;

femininity in females (l=not feminine to 7=very feminine) and masculinity in males

(l=not masculine to 7=very masculine) (see Figure 2.2 for ratings interface). Blocks for
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the different ratings were presented in random order. The task was self-paced. Inter-rater

reliability of ratings was high; all Cronbach's alpha >.8

7.2.3 Luminance analysis

L* of face was calculated by averaging L* of every image pixel within the face line,

excluding the lips and eyes region. L* of lips was calculated by average L* of every

pixel within the lips lines (see Figure 4.1 in chapter 4). Relative L* scores were

calculated by L*face minus L*lips. Therefore, the greater the number, the darker the lips

compared to the rest of the face.

7.2.4 Colour calibration

Calibrated L* values were used for calculating sex differences in facial luminance as

these represent more accurate measurements of the actual colour of the participants' faces

by taking into consideration the camera bias (see Chapter 4 for description of calibration

of colour values). The L* values of the photographs presented were used in the analyses

of perceptual ratings (i.e. uncalibrated values) as it is more important to take into

consideration the colour that was presented to the raters. There will be no differences in

the correlational analyses between using calibrated and uncalibrated images as

spearman's rank correlations were used. Therefore, even if the colour values became

more closely bunched as a result of the gradient of the calibration (position would be

unaffected by a linear offset), the overall position (rank) is unaffected. The results,

however, of the ANOVAs may be affected slightly, therefore the uncalibrated (colour of

the photographs when presented to participants) were used.
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7.3 Results

As all of the variables were normally distributed (all z<1.03, all p>.24) parametric

statistics were used in the following analyses.

The luminance scores of facial components are significantly intercorrelated; in females

(all n=52; Face L* with Lip L*, r=.72, p< 0005; Face L* with Relative L*, r=.40, p=.004;

Lip L* with Relative L*, r=-.35, p=.01); in males (all n=51; Face L* with Lip L*, r=.41,

p=.003; Face L* with Relative L*, r=.68, p<.0005; Lip L* with Relative L*, r=-.39,

p=.005).

7.3.1 Sex differences

To test the sex difference in relative L*, a mixed design ANOVA was used with sex of

face as a between subjects variable, and part of face (Face L* and Lip L*) as a within

subjects factor. There was a highly significant main effect of face part, in that Lip L* is

significantly darker than Face L* (Fi,ioi=l745.03, p<.0005). There is a significant main

effect of sex of face, female faces are lighter than male faces (Fi;ioi=23.32, p<.0005).

There is a significant interaction between sex of face and face part (Fi,ioi=6.99, p=.01).

Lip L* is significantly lighter than male Lip L* (female mean=40.78, S.D.=2.66; male

mean=39.29, S.D.=1.78; t=3.33, df=101, p=.001), and female Face L* is significantly

lighter than male Face L* (female mean=50.07, S.D.=2.74; male mean=47.47, S.D.=2.26;

t=5.24, df=101, p<.0005), the interaction shows that the sex difference in Face L* is
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greater than that of Lip L*, resulting in a sex difference where female relative L* is

greater than that ofmales (see Figure 7.1).

Part of Face

Figure 7.1 Sex differences in face and lip luminance. Mean luminance (L*) offace
skin and lips is displayedfor males andfemales (aged 18-24). Error bars represent +/-1
standard error of the mean.

7.3.2 Relative L* and attributions

Age did not correlate with relative L* luminance in either men (r=-.15, p=.28, n=51) or

women (r=-.03, p=.82, n=52), therefore age did not need to be controlled for in the

following analyses.
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7.3.2.1 Sexual dimorphism ratings

To determine the relationship between relative L* and sexual dimorphism ratings in men

and women, a mixed design ANCOVA was used. Sex of face was entered as a between

subjects factor, relative L* as a covariate and male and female ratings of sexual

dimorphism as a repeated measures dependent variable.

There was a significant effect of relative L* on sexual dimorphism ratings (Fi,99=10.34,

p=.002); faces with greater relative L* having lower sexual dimorphism ratings (see

Figure 8.2). There was no interaction between sex of face and relative L* on dimorphism

ratings (Fi,99=2.32, p=.13), that is, in both male and female faces the greater the

difference between the lips and face skin, the less sexually dimorphic the face appeared.

There was no interaction between sex of rater and relative L* on dimorphism ratings

(Fl,99=- 34, p=.56), that is, the relationship between relative L* and dimorphism ratings is

the same when men and women rate the faces. There was no main effect of rater sex on

dimorphism ratings, and no 2 way interaction between sex of rater and sex of face on

dimorphism ratings (both F1,99<1.35, p>.25). There was a trend for a 3 way interaction

between sex of rater, sex of face and relative L* on dimorphism ratings (Fy99=3.67,

p=.06). There was a significant main effect of sex of face on dimorphism ratings

(Fi ,99=4.80, p=.031), males were rated as more masculine, than females were rated as

feminine.

162



TO
c

ffl 6ro
>_

E
w

o

I4
ro
3
X
0) o
</> °
0)
TO
ra

8 2
<

0

♦ female faces

A male faces

Female best fit line
— Male best fit line

5 10 15

Relative L* (Face L* - Lip L*)

20

Figure 7.2 Relative luminance ofmale andfemale faces and ratings ofsexual
dimorphism (masculinity in males, femininity in females).

To test the value of using Relative L* as a predictor of sexual dimorphism against the

predictive value of Face L* or Lip L*, the three predictor variables and sex of face were

entered into a stepwise regression model with sexual dimorphism as a dependent variable.

As there was no effect of sex of rater in the above ANCOVA, the average of the male and

female ratings were used.

A significant model with relative L* and sex of face was produced (F2,io2=12.08,

p<.0005) with r=.44 and adj r2—. 18. Relative L* was a significant predictor (P=-.31,

p=.001) and sex of face was a significant predictor (P=.24, p=.011). Excluded variables

were Face L* (p=-.09, p=.46) and Lip L* (P=-.08, p=46). The model was robust to

multicollinearity (tolerances >0.57).
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7.3.2.2 Health ratings

To determine the relationship between relative L* and health ratings in men and women,

a mixed design ANCOVA was used. Sex of face was entered as a between subjects

factor, relative L* as a covariate and male and female ratings of health as a repeated

measures dependent variable.

There was a significant effect of relative L* on health ratings (Fii99=10.89, p=.001); faces

with greater relative L* having lower health ratings (see Figure 7.3). There was no

interaction between sex of face and relative L* on health ratings (Fi>99=.81, p=.42), that

is, in both male and female faces the greater the difference between the lips and face skin,

the less healthy looking the face. There was no interaction between sex of rater and

relative L* on health ratings (Fi;99=.32, p=.57), that is, the relationship between relative

L* and health ratings is the same when either men or women are rating the faces. There

were also no main effects of rater sex or sex of face on health ratings (all Fi;99<.66,

p>.42) and no 3 way interaction between sex of rater, sex of face and relative L* on

health ratings, or 2 way interaction between sex of rater and sex of face on health

ratings(all Fij99=<.01, p>.91).
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Again, to test the value of using Relative L* as a predictor of health ratings against the

predictive value of Face L* or Lip L*, the three predictor variables and sex of face were

entered into a stepwise regression with an average male and female ratings of health as

the dependent variable.

A significant model with Face L* was produced (Fi;i02=16.90, p<.0005) with an r=.38

and adj r2=. 14. Face L* was the only significant predictor (P=-.38, p<.005). Excluded

variables were Relative L* ((3=-. 17, p=.14), Lip L* (P=.18, p=.14) and sex of face (p=-

.10, p=.33). The model was robust to multicollinearity (tolerances >0.68).
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7.3.2.3 Attractiveness ratings

To determine the relationship between relative L* and attractiveness ratings in men and

women, a mixed design ANCOVA was used. Sex of face was entered as a between

subjects factor, relative L* as a covariate and male and female ratings of attractiveness as

a repeated measures dependent variable.

There was a trend towards a significant effect of relative L* on attractiveness ratings

(Fi,99=3.52, p=.06); faces with greater relative L* having lower attractiveness ratings (see

Figure 7.4). There was no interaction between sex of face and relative L* on

attractiveness ratings (Fij99=.02, p=.89), that is, in both sexes the greater the difference

between the lips and face skin, the less attractive looking the face. There was no

interaction between sex of rater and relative L* on attractiveness ratings (Fi;99=.98,

p=.33), that is, the relationship between relative L* and attractiveness ratings is the same

when either men or women are rating the faces. There were also no main effects of rater

sex or sex of face on attractiveness ratings (all Fij99<.03, p>.86) and no 3 way interaction

between sex of rater, sex of face and relative L* on attractiveness ratings, or 2 way

interaction between sex of rater and sex of face on attractiveness ratings (all Fij99=<2.09,

P>-15).
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Figure 7.4 Relative luminance ofmale andfemalefaces and ratings ofattractiveness.

Even though there was only a trend for attractiveness to be related to relative L*,

regression was used to investigate whether any of the other L* variables predicted

attractiveness rating. The three predictor variables and sex of face were entered into a

stepwise regression with and average ofmale and female attractiveness ratings as the

dependent variable.

No significant model could be produced using stepwise regression. An enter regression,

showed the non-significant model (F3jio2=1 -73, p=.166) with an r=.22 and adj r =.02.

Relative L* was the only significant coefficient in the model ([3=-.24, p=.028). The rest

of the variables produced non-significant coefficients (both |3>-.13, p>.24).
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7.4 Discussion

The present study demonstrates a clear sexual dimorphism in relative facial luminance,

with women naturally possessing a greater luminance difference between the lips and the

rest of the face than men. This relationship is a result of females having higher face

luminance than males, and higher lip luminance than males; with a greater difference in

facial luminance. This confirms the well established finding that women have lighter

facial skin than men (see Frost 2005 for review), and demonstrates also that lip skin is

lighter in females, albeit less of a difference than facial skin.

The finding of a natural sexual dimorphism in the luminance between facial features

would at first appear to shed light on the cosmetic habits ofwomen. It would seem

highly plausible that women are using cosmetics to accentuate this naturally occurring

sexual dimorphism to appear more feminine, and thus attractive and healthy. Previous

research has shown a strong correlation between femininity, attractiveness, and apparent

health ratings in females (e.g. Jones et al. 2001). Therefore, the use of lipstick would

seem to make sense of the luminance sexual dimorphism, increasing the contrast between

the hps and the face by making the lips darker. When considering our findings in relation

to health, attractiveness and sexual dimorphism ratings, however, the picture becomes

more complex.

Contrary to our predictions, females were shown to be rated as increasingly sexually

dimorphic (feminine), attractive and healthy when the relative luminance between hps
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and face decreased. As lip skin is always darker than cheek skin, this reflects an increase

in positive ratings when the rest of face approached the darkness of the lips. We have

shown that females naturally possess a greater relative luminance than males, but within

females those that naturally have a greater relative luminance are rated as less feminine.

The results from the regression show that relative luminance is a better predictor of

sexual dimorphism than either face luminance or lip luminance alone. Therefore, it is not

the case that lightness of the face skin alone is driving the judgements of femininity. In

ratings of health, however, overall face luminance is shown to be a better predictor of

health ratings than relative luminance. Therefore the relationship of relative luminance

and apparent health is being driven by the absolute lightness of the facial skin; those

females with lighter faces are seen as less healthy. This finding parallels results

previously shown with attractiveness judgements by Fink et al. (2001).

The same direction of results was found in male faces; those faces with a greater relative

luminance were seen as less masculine and healthy. This direction was as predicted from

both the findings of Russell (2003) and also from our finding that men naturally possess a

smaller relative luminance than females.

These results for the female faces seem at first to contradict the findings ofRussell

(2003), who found that increasing the relative luminance increased the attractiveness of

female faces. We found that those faces possessing increased relative luminance were

rated as less healthy and feminine. However, the distinction could lie in the different

methods used. We used unmodified images, and found that faces that naturally possess
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greater luminance difference are seen as less sexually dimorphic and healthy in both male

and female faces. Natural face images could have other cues that co-vary with the

relative luminance that are also affecting the face ratings. One cue is likely to be a lighter

overall face luminance which is accounting for the lower health ratings, as face

luminance was found to relate more to health judgements than relative luminance scores.

Therefore faces with a greater natural relative luminance naturally possess lighter face

skin (as shown by the significant intercorrelations of luminance measures) and thus are

rated as less healthy looking.

Although sexual dimorphism was shown to relate more to relative luminance than overall

face luminance in the regression, this result is likely being driven by the male faces.

Although the interaction with sex of face on relative luminance and sexual dimorphism

ratings was not significant (p=. 13), a look at the graph in figure 8.1 shows a stronger

relationship between relative luminance in male faces than female faces. Therefore, the

female results that are contrary to predictions are likely to be partly a result of the

association between relative luminance and overall face luminance; those faces with

higher relative luminance actually possess lighter facial skin, which is responsible for

driving the judgements in females. Those females with lighter skin were rated as less

attractive in a previous study by Fink et al. (2001), who suggested this was due to the

widespread popularity of suntanning in white European populations. A tanned

complexion may be indicative of a healthy outdoors lifestyle. It has also been suggested

to be an honest indicator of status showing those who can afford to holiday abroad in

sunny climates (Etcoff 1999).
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Russell (2003) showed that independently manipulating relative luminance could alter the

attractiveness judgements. It is therefore possible, that in any given female face,

independently manipulating the relative luminance will mimic the use ofmakeup, and

thus increase ratings of attractiveness. Our work is distinct and important in that it

demonstrates the relative luminance relationships that exist naturally in faces. Further

work should be done using faces of different ethnic backgrounds to test the

generalisability of the results.
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8 Colour cues to aging and biological age

8.1 Introduction

The previous chapters in this thesis have identified that males are darker, more red,

and more yellow than females (Chapter 4.1), but the way colouration relates to

perceptions is not sexually dimorphic; darker, more red and yellow in skin is seen as

healthy in both male and female faces (Chapter 4.2). Chapter 5 has identified that the

colour cues to health are in fact related to underlying measures of hormonal health.

Chapter 6 showed that independent manipulation of colour cues to health are

sufficient to impact on perceptions of healthiness of faces in multiple ethnic groups.

However, all these results do have a qualification; we have identified that these

patterns exist in young adults (aged 18-24). In this sense we can only make

conclusions on the impact of facial colouration in young adults. The current chapter

will investigate colour cues to age in young adults but also in a sample of adults aged

20-54.

Dermatological research has shown that as the skin ages, accumulative exposure to

UV radiation causes the skin to become darker through increased melanin (Green &

Martin 1990; Kelly et al. 1995). Increasing blood pressure in older age, along with

varicosities may also cause the skin to become redder and ruddier (Kelly et al. 1995;

Wipperman et al. 1987). There has been no reported research that has shown a

differential aging effect in men than women. Skin is therefore predicted to be darker

in men and women who are older than those who are younger. As melanin has been

shown to be related to darkness (L*) and yellowness in the skin (b*) (Seitz &
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Whitmore 1988; Takiwaki et al. 1994), skin is predicted to be darker (lower L*) and

more yellow (higher b*) in both males and females that are older than those who are

younger. As blood flow has been shown to be related to redness (a*) (Seitz &

Whitmore 1988; Muizzuddin et al. 1990), skin is predicted to be more red (higher a*)

in those males and females that are older than those that are younger, due to

varicosities and increased blood pressure. This predicted age effect might only be

seen when using a wide age range, across the lifespan, therefore the current study uses

two populations; a young adult (18-25) sample ofmale and female students from St

Andrews University, and an adult sample (20-54) of employees from Unilever

corporation containing both men and women.
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8.2 Methods

8.2.1 Participants

Sample 1: St Andrews students: This sample consisted of 420 images, 253 female

and 167 male Caucasian students (collected from 1999-2003) from the University of

St Andrews. Age range 17-25 years, (mean age, females=20.1, SD=1.6; males=20.7,

SD=1.6). Female students who were wearing obvious makeup on lips and cheeks

(e.g. lipstick, blusher etc.) had been excluded.

Sample 2: Unilever employees: Sample included 295 images, 148 male and 147

female Caucasian employees from Unilever Research UK image set collected in late

1980s. Male age range 20-54 years, mean male age = 35.03, SD=10.13. Female age

range 20-53, mean female age= 33.36, SD=10.20. All females reported not using any

makeup.

8.2.2 Age ratings

The 420 St Andrews images (sample 1) were rated for perceived age by independent

participants from University of St Andrews (15 female and 14 male, aged 18-25,

M=20.1, SD=2.6). The faces were masked around the faceline (excluding ears and

hair). The images were blocked by sex and presented in random order for rating.

Inter-rater agreement was high (a >.9). For ratings scale interface, see Figure 2.1.

The Unilever images (sample 2) were rated for perceived age in the same way by 20

raters (10 female and 10 male, aged 18-24, M=21.2, SD=2.4) from University of St

Andrews.
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8.2.3 Colour analysis

Facial images were warped to the same shape and analysed for colour as in sex

differences study (see methods 4.1.2), colour attributions study (4.2.2), and hormone

colour study (5.2). Whole face skin colour values to correlate with perceptual ratings

were calculated by averaging L* a* and b* CIE colour values ofpixels of facial skin

that was visible when rating (inside faceline, excluding eyes). Lip skin colour values

were calculated by average pixels inside the lip line (see Figure 4.1).

Topographic maps were created in MATLAB 7.0 by correlating the colour values at

corresponding points across the face with the age variables using Spearman's rank.

Pixels with r values of p<.05 are plotted with the colour corresponding to the direction

of correlation. Colour maps are superimposed on a sex relevant composite face of the

all the students from the sample.

8.2.4 Statistical analysis

In order to initially explore the associations between the age variables and colour,

correlations were performed between the age variables and colour dimensions in male

and female faces separately as previous experiments have shown sex differences in

facial colouration (see Chapter 4.1). As performing multiple correlations increases

the risk of Type II errors (finding a significant result by chance), analysis of variance

tests are also used. A MANOVA is used to investigate the effect of actual age on

colour variables. The faces were divided into 3 equal groups (high, mid and low age)

for both the males and females, to use as a between subjects fixed factor. Sex of face

is also entered as a between subjects fixed factor to test is there was any differences in

the relationships between age and colour in male and female faces. The colour
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variables, L*, a* and b* are entered as continuous dependent variables. Mixed

ANOVAs are used to investigate the impact of the colour variables on perceived age

and biological age (actual age-perceived age) variables. This allowed us to test if

there was any differences in the relationships between L*a*b* and the age variables

in male and female faces, and also assess the impact of the sex of the raters of the

faces. The faces were divided into 3 equal groups (high, mid and low L*, and

similarly for a* and b*) for a mixed ANOVA, with sex of face as a between subjects

factor (2 levels), L* (or a* or b*) level as a between-subjects factor (3 levels), and the

male and female ratings of perceived age (or biological age) as the 2 within-subjects

levels of the dependent variable.

8.2.3 Colour calibration

Calibrated colour values were used for the actual age analyses (correlations,

MANOVA and topographic maps) as these represent more accurate measurements of

the actual colour of the participants' faces by taking into consideration the camera

bias (see Chapter 4 for description of calibration of colour values). The colour values

of the photographs presented (uncalibrated values) were used in the analyses of

perceived age and biological age as both these ratings utilised perceptual judgements

of the photographs, and therefore it is more important to take into consideration the

colour that was presented to the raters.

There will be no differences in the correlational analyses between using calibrated and

uncalibrated images as spearman's rank correlations were used. Therefore, even if the

colour values became more closely bunched as a result of the gradient of the

calibration (position would be unaffected by a linear offset), the overall position
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(rank) is unaffected. The results, however, of the ANOVAs may be affected slightly,

therefore the uncalibrated (colour of the photographs when presented to participants)

were used in analyses of perceptual judgements.
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8.3 Results

8.3.1 Sample 1: St Andrews' students

Spearman's rho correlations were used to correlate age variables with the colour

measures, as most of the measures were found to not be normally distributed (Sharipo

Wilk test; females, all df=253; age SW=.95, p<.0005; perceived age SW=.95,

p<.0005; bio age SW=.98, p=.001; face L* SW=.98, p=.001; face a* SW=.99,

p=.001; face b* SW=.98, p=.001; lip L* SW=.99, p=.034; lip a* SW=.97, p<.0005;

lip b* SW=.89, p<.0005; males, all df=167; age SW=.95, p<.0005; perceived age

SW=.97, p=.001; bio age SW=.99, p=.15; face L* SW=.95, p<.0005; face a* SW=.99,

p=.388; face b* SW= 99, p=.418; lip L* SW=.97, p=.003; lip a* SW=.96, p<.0005;

lip b* SW=.91, p<.0005). All correlations are shown in Table 8.1 below.

8.3.1.1 Lip colour

There were no significant correlations between Lip L*a*b* and any of the age

variables in men (all r<.097, p>.232, df=167). There were no significant correlations

between Lip L*a*b* and any of the age variables in women (all r>-.102, p<.137,

df=253) except for a positive correlation between Lip b* and perceived age (r=. 146,

p=.033) and a trend towards significance between Lip L* and biological age (r=-.120,

p=.082). Females with more yellow in their lips are rated as older looking. Females

with lighter lips look older for their age (aging badly).
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Females

(n=253) —>

Biological age
score (age-

perceived age)

Males (n=167)J, Face L* Face a* Face b* Lip L* Lip a* Lip b*
Actual

age

Perceived

age

high
score=aging

well

Face L* R
- -.205** -.199** .695** .005 -.188** -.291** .013 -.247**

P
- .001 .001 .000 .941 .006 .000 .840 .000

Face a* R .145 - .435** -.020 .207** -.025 .193** .104 -.073

P .061 - .000 .771 .002 .712 .002 .098 .247

Face b* R -.012 .269** - .017 -.062 .296** .194** .025 .120

P .882 .000 - .801 .367 .000 .002 .696 .057

Lip L* R .887** .258** .054 - -.482** -.263** -.102 .057 -.120

P .000 .001 .511 - .000 .000 .137 .409 .082

Lip a* R -.059 .162* .134 -.297** - .216** -.068 -.014 -.020

P .470 .046 .101 .000 - .002 .322 .842 .771

Lip b* R -.478** -.288** .293** -.515** .050 - -.053 -.146* .074

P .000 .000 .000 .000 .497 - .443 .033 .283

Actual age R -.011 -.065 -.044 .017 -.042 .097 - .349** .485**

P .890 .406 .576 .839 .611 .232 - .000 .000

Perceived age R -.043 .055 -.067 .009 -.015 .030 .386** - -.602**

P .578 .477 .392 .910 .856 .713 .000 - .000

Biological age
score (age-
perceived age)

R

P

.047

.544

-.106

.174

.015

.846

.030

.714

-.021

.793

.046

.571

.474**

.000

-.591**

.000 :
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Table 8.1 Spearman 's rank correlations between allface and lip colour
variables and age variables in St Andrews student sample of253female and 167 male
(shaded) faces.

8.3.1.2 Face colour

Actual age

In females, actual age correlates significantly with whole face L* (r=-.291, p<.0005),

a* (r=.193, p=.002) and b* (r=.194, p=.002). In males, there is no correlation

between actual age and whole face L* (r=-.011, p=.890), a* (r=-.065, p=.406) or b*

(r=-.044, p=.576). Older females (within 17-25 range) have darker, redder and more

yellow face skin (see Figure 8.2).
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Figure 8.2 Topography ofrelations between age and skin colour. Maps display pixels
where age correlates (Spearman's Rho. p<.05 uncorrected) with white-black (L*), red-green
(a*), andye llow-blue (b*) for 253 female faces. Direction ofsignificant correlations are
shown by the appropriate colour (a) white indicates a positive correlation between age and
L*. black a negative correlation: (b) red indicates a positive correlation between age and a*,
green a negative correlation, (c) yellow indicates a positive correlation between age and b *.
blue a negative correlation), (d.e.f) equivalent maps for male faces (sample n=167). Position
ofcorrelating pixels are mapped on to a relevant sex composite facial image.

In a MANOVA there was a significant main effect of age on whole face L*

(F2.4i4=4.95, p=.008). Post-hoc tests (Scheffe) revealed that the high age faces

(oldest) have significantly lower L* (darker) than mid age faces (MD=-1.80, p=.011).

There was a significant main effect of age on whole face a* (F2.4m=4.17, p=.016),

with high age (oldest) faces having higher a* (more red) than low age (youngest)

faces (MD=.38, p=.031), and mid age faces having higher a* (more red) than low age

faces (MD=,44, p=,009). There was a significant main effect of age on whole face b*

(F2,4i4=l 1.44, p<.0005) with high age (oldest) faces having significantly more b* than

low age faces (MD=.72, p<.005) and mid age faces having significantly more b* than

low age (youngest) faces (MD=.67, p<.0005).
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There was no significant main effect of sex of face on whole face L* (F 1,414=2.01,

p=.157). There was a significant main effect of sex of face on whole face a*

(Fi,414=21.07, p<.0005), with males having more red face skin than females. There

was no significant main effect of sex on whole face b* (Fi4i4=.03, p=.860).

There was a significant interaction between age and sex of face for whole face L*

(F2,414=3.55, p=.030). Post-hoc test reveals that in females there is a highly significant

effect of age on L* (F2,25o=5.06, p=.007), with high age faces (oldest) having lower

L* (darker) than mid age (MD=-1.52, p=.041) and low age (youngest) faces (MD=-

1.76, p=.015). Whereas, in males there is a trend for an effect of age on L*

(F2,164=3.12, p=.05), with a trend for mid age faces to be have lower L* (darker) than

low age (youngest) faces (MD=2.86, p=.061).

There was a trend towards a significant interaction between age and sex of face for

whole face a* (F2,4i4=3.70, p=.073). Post-hoc test reveals that in females there is a

significant effect of age on a* (F2,25o=9.13, p<.0005), with low age faces having lower

a* (less red) than mid age (MD=-.62, p=,001) and high age faces (MD=-.63, p=.001).

Whereas, in males there is no effect of age on a* (F2,i64=-35, p=.707).

There was no significant interaction between age and sex of face for whole face b*

(F2,4i4=l .44, p-,668).
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Perceived age

In both males and females, there are no significant correlations between perceived age

and whole face L*, a* or b* (females; L*, r=.013, p=.840; b*, r=.025, p=.696; males,

L*, r=-.043, p=.578; a*, r=.055, p=.477; b*, r=-.067, p=.392), although there is a

trend towards significance between perceived age and whole face a* in females

(r=. 104, p=.098). Females who look older (within age range of 17-25) tend to have

more red in their faces (see figure 8.3). The topographic maps show that this

distribution of red related to perceived age is concentrated down the centre of the

face.

Figure 8.3 Topography ofrelations between perceived age and skin colour. Maps
display pixels where age correlates (Spearman's Rho, p<.05 uncorrected) with white-black
(IP), red-green (a*), andyeHow-blue (b*) for 253 female faces. Direction ofsignificant
correlations are shown by the appropriate colour (a) white indicates a positive correlation
between perceived age and L*. black a negative correlation; (b) red indicates a positive
correlation between perceived age and a*, green a negative correlation, (c) yellow indicates
a positive correlation between perceived age and b*. blue a negative correlation), (d.e.f)
equivalent maps for male faces (sample n 167). Position ofcorrelating pixels are mapped
on to a relevant sex composite facial image.
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In a mixed ANOVA there was no significant main effect of L* level on perceived age

ratings (F2,4i4=.301, p=.740). There was a significant main effect of sex of face on the

perceived age ratings (F 1,414=12.93, p<.0005), in that males were rated as older than

females (mean male perceived age=23.9, SD=1.9; mean female perceived age=23.1,

SD=2.0). There was no interaction between L* level and sex of face on the perceived

age ratings (F2,4i4=.43, p=.65). There was a significant main effect of rater sex on the

perceived age ratings (Fi,414=980.07, p<.0005), in that males give higher perceived

age ratings than females give. There was a significant interaction between sex of rater

and sex of face on perceived age ratings (Fij4i4=12.50, p<.0005), in that women do

not rate male and female faces differently in age (t=-l .58, p=. 115), whereas men rate

males as significantly older than females (t=-4.13, p<.0005; men's mean rating of

female faces=24.85, SD=2.97; men's mean rating ofmale faces=26.07, SD=2.91).

There was no interaction between rater sex and L* level on perceived age ratings

(F2;4.4=.84, p=.434) or 3 way interaction between rater sex, sex of face, and L* level

on perceived age ratings (F2,414=1.68, p=. 188).

In a mixed ANOVA there was no significant main effect of a* level on perceived age

ratings (F2,414=2.08, p=.126). There were significant main effects of sex of face, and

rater sex, and a significant interaction between sex of face and rater sex, on perceived

age ratings, as reported above. There was no interaction between a* level and sex of

face on the perceived age ratings (F2,4i4=.40, p=.670). There was no interaction

between rater sex and a* level on perceived age ratings (F2,414=1.45, p=.236) or 3 way

interaction between rater sex, sex of face, and a* level on perceived age ratings

(F2,4i4=.565, p=.569).
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In a mixed ANOVA there was no significant main effect of b* level on perceived age

ratings (F2,4i4=.037, p=.964). There were significant main effects of sex of face, and

rater sex, and a significant interaction between sex of face and rater sex, on perceived

age ratings, as reported above. There was no interaction between b* level and sex of

face on the perceived age ratings (F2,414= 1.54, p=.216). There was no interaction

between rater sex and b* level on perceived age ratings (F2,4i4=1.00, p=.367) or 3 way

interaction between rater sex, sex of face, and b* level on perceived age ratings

(F2,414=-116, p=.890).

Biological age

In females, biological age correlates significantly with whole face L* (r=-.247,

p<.0005), but not a* (r=-.073, p=.247). There is a trend towards significance between

biological age and b* in females (r=.120, p=.057). In males, there is no correlation

between biological age and whole face L* (r=.047, p=.544), a* (r=-.106, p=.174) or

b* (r=.015, p=.846). Females who look young for their age have whole face skin that

is darker and tends to be more yellow (see Figure 8.4).

184



Figure 8.4 Topography ofrelations between biological age (real age-perceived age) and
skin colour. Maps display pixels where age correlates (Spearman's Rho. p<.05 uncorrected)
with white-black (L*). red-green (a*), andyellow-blue (b*) for 253female faces. Direction
ofsignificant correlations are shown by the appropriate colour (a) white indicates a positive
correlation between biological age and L* (looking oldfor age), black a negative correlation
(lookingyoungfor age; (b) red indicates a positive correlation between biological age
(looking youngfor age) and a*, green a negative correlation (looking oldfor age), (c) yellow
indicates a positive correlation between biological age and b* (looking youngfor age), blue a
negative correlation (looking oldfor age), (d.e.f) equivalent mapsfor male faces (sample
n 167). Position ofcorrelating pixels are mapped on to a relevant sex composite facial
image.

In a mixed ANOVA there was no significant main effect ofL* level on biological age

ratings (F2.4i4=.488, p=.614). There was no significant main effect of sex of face on

the biological age ratings (Fi,4i4=.324, p=.570). There was no interaction between L*

level and sex of face on the perceived age ratings (F2,4i4=1 .22, p=.295). There was a

significant main effect of rater sex on the biological age ratings (Fi,4i4=980.07,

p< 0005), in that males rate faces as looking older for their age than females do.

There was a significant interaction between sex of rater and sex of face on biological

age ratings (Fi;4i4=12.50, p<.0005), in that there is a trend for women to rate female
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faces as looking older for their age than male faces (t=-l .66, p=.097, df=418),

whereas men rate male faces as looking older for their age than female faces (t=2.00,

p=.048, df=418). There was no interaction between rater sex and L* level on

biological age ratings (F2,4i4=84, p=.434) or 3 way interaction between rater sex, sex

of face, and L* level on perceived age ratings (F2,414=1.68, p=. 188).

In a mixed ANOVA there was no significant main effect of a* level on biological age

ratings (F2,4i4=.496, p=.610). There was no significant main effect of sex of face, but

was a significant main effect of rater sex, and a significant interaction between sex of

face and rater sex, on the biological age ratings, as reported above. There was a

significant interaction between a* level and sex of face on the biological age ratings

(F2,414=4.39, p=.013), in that there is no significant effect of a* level on biological age

ratings in female faces (F2,2so=l-42, p=.244), whereas there is a trend towards a

significant effect of a* level on biological ratings in male faces (F2,i64=2.90, p=.058),

with the trend for mid a* faces to be rated as older for their age than low a* faces

(MD=.78, p=.088). There was no interaction between rater sex and a* level on

biological age ratings (F2,4i4=1.45, p=.236) or 3 way interaction between rater sex, sex

of face, and a* level on perceived age ratings (F2,4m=.565, p=.569).

In a mixed ANOVA there was no significant main effect of b* level on biological age

ratings (F2,414=1.47, p=.230). There was no significant main effect of sex of face, but

was a significant main effect of rater sex, and a significant interaction between sex of

face and rater sex, on the biological age ratings, as reported above. There was no

significant interaction between b* level and sex of face on the biological age ratings

(F2,414= 1.10, p=.333). There was no interaction between rater sex and b* level on
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biological age ratings (p2,4i4= 1.00, p=.367) or 3 way interaction between rater sex, sex

of face, and b* level on biological age ratings (F2,4i4=.l 16, p=.890).

8.3.2 Sample 2: Unilever sample

Spearman's rho correlations were used to correlate age variables with the colour

measures, as most of the measures were found to not be normally distributed (Sharipo

Wilk test; females, all df=147; age SW=.91, p<.0005; perceived age SW=.92,

p<.0005; bio age SW=.99, p=.316; face L* SW=.99, p=.379; face a* SW=.99,

p= 553; face b* SW=.98, p=.067; lip L* SW= 99, p=.471; lip a* SW=.99, p=.178; lip

b* SW=.98, p=.03; males, all df=148; age SW=.94, p<.0005; perceived age SW=.96,

p<.0005; bio age SW=.99, p=.676; face L* SW=.96, p=.001; face a* SW=.98,

p= 011; face b* SW=.98, p=.013; lip L* SW=.98, p=.092; lip a* SW=.98, p=.034; lip

b* SW=.96, p<.0005). All correlations are shown in Table 8.5 below.
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Females

(n=147) —>

Biological age
(real age-

perceived age)

Males (n=148)J, Face L* Face a* Face b* Lip L* Lip a* Lip b*
Actual

age

Perceived

age

high
score=aging

well

Face L* R
- .003 -.027 .510** .042 -.038 -.229** -.221** .049

P
- .967 .743 .000 .617 .647 .005 .007 .554

Face a* R -.103 - -.177* -.031 .517** -.191* .239** .232** -.082

P .212 - .032 .711 .000 .021 .004 .005 .324

Face b* R -.016 -.193* - -.020 -.205** .665** .241** .282** 00 -J *

P .849 .019 - .806 .013 .000 .003 .001 .023

Lip L* R .569** -.129 .104 - -.253** .070 -.309** -.334** .138

P .000 .119 .210 - .002 .397 .000 .000 .094

Lip a* R .300** .433** -.136 -.136 - -.090 -.052 -.024 -.052

P .000 .000 .101 .100 - .277 .535 .770 .531

Lip b* R .029 -.194* .709** .079 .066 - -.002 .035 -.067

P .728 .018 .000 .337 .423 - .979 .674 .422

Actual age R -.390** .155 .132 -.199* -.331** -.106 - .901** -.168*

P .000 .059 .111 .016 .000 .201 - .000 .042

Perceived age R -.394** .173* .146 -.194* -.324** -.115 .929** - -.552**

P .000 .035 .076 .018 .000 .165 .000 - .000

Biological age
score (age-
perceived age)

R

P

-.012

.883

-.076

.360

-.092

.268

-.041

.620

-.050

.543

-.031

.704

.137

.097

-.216**

.008 :
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
Table 8.5 Spearman's rank correlations between allface and lip colour
variables and age variables in Unilever sample of 147female and 148 male (shaded)
faces.

8.3.2.1 Actual age

In females, actual age correlates significantly with whole face L* (r=-.229, p=.005),

a* (r=.239, p=.004) and b* (r=.241, p=.003). In females, actual age correlates

significantly with lip L* (r=-.309, p<.0005), but not lip a* (r=-.052, p=.535) or lip b*

(r=-.002, p=.979). In males, actual age correlates significantly with whole face L*

(r=-.390, p<.0005), and a trend towards significance with whole face a* (r=. 155,

p=.059), but not with whole face b* (r=.132, p=.l 11). In males, actual age correlates

significantly with lip L* (r=-.199, p=.016) and hp a* (r=-.331, p<.0005), but not with

lip b* (r=-. 106, p=.201). Older male and females have darker whole face skin and

lips than those who are younger. Older males and females also have more red in their
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faces than those younger, and older males have less red in their lips than younger

males. Older females have more yellow in their faces than younger females. See

figure 8.6 below for topographic colour maps.

Figure 8.6 Topography ofrelations between age and skin colour. Maps displaypixels
where age correlates (Spearman's Rho. p<.05 uncorrected) with white-black (L*), red-green
(a*), andyellow-blue (b*) for 147 female faces. Direction ofsignificant correlations are
shown by the appropriate colour (a) white indicates a positive correlation between age and
L*. black a negative correlation; (b) red indicates a positive correlation between age and a*,
green a negative correlation, (c) yellow indicates a positive correlation between age and b *,
blue a negative correlation), (d.e.f) equivalent map for male faces (sample n=148). Position
ofcorrelating pixels are mapped on to a relevant sex composite facial image ofallfaces in
sample.

In a MANOVA there was a significant main effect of age on whole face L*

(F2,289=l 1.98, p<.0005). Post-hoc tests (Scheffe) revealed that the high age faces

(oldest) have significantly lower L* (darker) than mid age faces (MD=-1.32, p=.033)

and low age (youngest) faces (MD=-2.51, p<.0005), and a trend towards significance

for mid age faces to be lower L* (darker) than low age (youngest) faces (MD=-1.17,

p=.077). There was a significant main effect of age on whole face a* (F2,289=3.85,
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p=.022), with high age (oldest) faces having higher a* (more red) than low age

(youngest) faces (MD=.72, p=.023). There was a significant main effect of age on

whole face b* (F2,289=8.51, p<.0005) with high age (oldest) faces having significantly

more b* than low age (youngest) faces (MD=1.19, p<.0005), and a trend towards

significance for mid age faces to have more b* than low age faces (youngest)

(MD=.68, p=.064). There was a significant main effect of sex on whole face L*

(Fi,289=55.88, p<.0005) with females having higher L* (lighter) whole face skin than

males. There was no significant main effect of sex on whole face a* (Fii289=-48,

p=.490). There was a significant main effect of sex on whole face b* (F]j289=5.63,

p=.018), with females having higher b* (more yellow) in their whole face skin than

males. There was no significant interaction between age and sex of face for whole

face L* (F2,289=.72, p=.486), a* (F2,289=1-05, p=.351) orb* (F2)289=-28, p=.755).

8.3.2.2 Perceived age

In females, perceived age correlates significantly with whole face L* (r=-.221,

p=.007), a* (r=.232, p=.005) and b* (r=.282, p=.001). In females, perceived age

correlates significantly with lip L* (r=-.334, p<.0005), but not lip a* (r=-.024, p=.770)

or lip b* (r=.035, p=.674). In males, perceived age correlates significantly with whole

face L* (r=-.394, p<.0005), a* (r=. 173, p=.035) and a trend towards significance with

whole face b* (r=.146, p=.076). In males, perceived age correlates significantly with

lip L* (r=-.194, p=.018) and lip a* (r=-.324, p<.0005), but not with lip b* (r=-.l 15,

p=.165). Those males and females with darker, more red and more yellow in their

face skin look older than those with lighter, less red and less yellow faces. Those
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females and males with older looking faces have darker lips, older looking males also

have less red in their lips. See figure 8.7 below for topographic colour maps.

Figure 8.7 Topography ofrelations between perceived age and skin colour. Maps
display pixels where age correlates (Spearman's Rho, p<.05 uncorrected) with white-black
(L*). red-green (a*). and yellow-blue (b*) for 147 female faces. Direction ofsignificant
correlations are shown by the appropriate colour (a) white indicates a positive correlation
between perceived age and L*. black a negative correlation; (b) red indicates a positive
correlation between perceived age and a*, green a negative correlation, (c) yellow indicates
a positive correlation between perceived age and b*, blue a negative correlation). (d,e,f)
equivalent maps for male faces (sample n=148). Position ofcorrelatingpixels are mapped on
to a relevant sex composite facial image ofall faces in sample.

In a mixed ANOVA there was a significant main effect of L* level on perceived age

ratings (F2,289= 13.16, p<.0005). Post-hoc tests (Scheffe) revealed that high L*

(lightest) faces look significantly younger than mid L* (MD=-4.69, p=.010) and low

L* (darkest) faces (MD=-7.81, p<0005). There was no significant main effect of sex

of face on the perceived age ratings (Fi,289=2.65, p=. 105). There was no interaction

between L* level and sex of face on the perceived age ratings (F2,289=-99, p=.370).

There was a significant main effect of rater sex on the perceived age ratings
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(Fi>289=137.71, p<.0005), in that females give higher perceived age ratings than males

give. There was no significant interaction between sex of rater and sex of face on

perceived age ratings (Fi,289=2.08, p=.150). There was no interaction between rater

sex and L* level on perceived age ratings (F2,289=1 10, p=.334) or 3 way interaction

between rater sex, sex of face, and T* level on perceived age ratings (F2,289=-71,

p=.494).

In a mixed ANOVA there was a significant main effect of a* level on perceived age

ratings (F2,289=5.80, p=.003). Post-hoc tests (Scheffe) revealed that low a* (less red)

faces look significantly younger than mid a* (MD—4.52, p=.016) and high a* (most

red) faces (MD=-4.75, p=.011). There were significant main effects of sex of face,

and rater sex, but no interaction between sex of face and rater sex, on the perceived

age ratings, as reported above. There was no interaction between a* level and sex of

face on the perceived age ratings (F2,289=-29, p=.748). There was no interaction

between rater sex and a* level on perceived age ratings (F2,289=-03, p=.968) or 3 way

interaction between rater sex, sex of face, and a* level on perceived age ratings

(F2,289=1.73, p=. 179).

In a mixed ANOVA there was a significant main effect ofb* level on perceived age

ratings (F2,289=9.41, p<.0005). Post-hoc tests (Scheffe) revealed that low b* (less

yellow) faces look significantly younger than mid b* (MD—4.73, p=.009) and high

b* (most yellow) faces (MD—6.45, p<.0005). There were significant main effects of

sex of face, and rater sex, but no interaction between sex of face and rater sex, on the

perceived age ratings, as reported above. There was a significant interaction between

b* level and sex of face on the perceived age ratings (F2,289=3.26, p=.040). Post-hoc
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tests revealed that in female faces, there is a significant main effect of b* level on

perceived age (F2,144=7.00, p=.001) with high b* faces (most yellow) looking

significantly older than mid b* (MD=5.67, p=.055) and low b* faces (MD=8.57,

p=.002). Whereas in male faces, there is a significant main effect ofb* level on

perceived age (F2,i45=5.46, p=.005), but with only mid b* faces looking significantly

older than low b* faces (MD=6.51, p=.006). There was no interaction between rater

sex and b* level on perceived age ratings (F2,289=1.47, p=.232) or 3 way interaction

between rater sex, sex of face, and b* level on perceived age ratings (F2,289=.04,

p=962).

8.3.2.3 Biological age

In females, biological age does not correlate with whole face L* (r=.049, p=.554) or

a* (r=-.082, p=.324), but correlates significantly with whole face b* (r=-.187,

p=.023). In females, biological age does not correlated with lip L* (r=. 138, p=.094),

lip a* (r=-.052, p=,531) or b* (r=-,067, p=.422). In males, biological age does not

correlate with whole face L* (r=-.012, p=.883), a* (r=-.076, p=.360) or b* (r=-.092,

p=.268), or lip L* (r=-.041, p=.620), a* (r=-.050, p=.543) or b* (r=-.031, p=.704).

Females with more yellow in their faces look old for their age.
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Figure 8.8 Topography ofrelations between biological age (real age-perceived age) and
skin colour. Maps display pixels where age correlates (Spearman 's Rho, p<.05 uncorrected)
with white-black (L*), red-green (a*), andyellow-blue (b*) for 147female faces. Direction
ofsignificant correlations are shown by the appropriate colour (a) white indicates a positive
correlation between biological age andL* (looking oldfor age), black a negative correlation
(looking youngfor age; (b) red indicates a positive correlation between biological age
(looking youngfor age) and a*, green a negative correlation (looking oldfor age), (c) yellow
indicates apositive correlation between biological age and b * (looking youngfor age), blue a
negative correlation (looking oldfor age). (d,e,f) equivalent mapsfor male faces (sample
n=148). Position ofcorrelating pixels are mapped on to a relevant sex composite facial
image ofallfaces in sample.

In a mixed ANOVA there was no main effect ofL* level on biological age ratings

(F2,289=-44, p=.644). There was no significant main effect of sex of face on the

biological age ratings (Fi,289=-54, p=.465). There was no interaction between L* level

and sex of face on the biological age ratings (F2,289=-27, p=.766). There was a

significant main effect of rater sex on the biological age ratings (Fi,289=137.71,

p<.0005), in that females think faces look older for their age than males do. There

was no significant interaction between sex of rater and sex of face on biological age

ratings (Fi,289=2.08, p=. 150). There was no interaction between rater sex and L* level
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on biological age ratings (F2,289=1.10, p=.334) or 3 way interaction between rater sex,

sex of face, and L* level on biological age ratings (F2,289=-71, p=.494).

In a mixed ANOVA there was no main effect of a* level on biological age ratings

(F2,289=2.18, p=. 115). There was no significant main effect of sex of face or any

interaction between sex of face and rater sex, but was a significant main effect of rater

sex, on the biological age ratings, as reported above. There was no interaction

between a* level and sex of face on the biological age ratings (F2,289=-55, p=,577).

There was no interaction between rater sex and a* level on biological age ratings

(F2,289=.03, p=.968) or 3 way interaction between rater sex, sex of face, and a* level

on biological age ratings (F2,289=1-73, p=.179).

In a mixed ANOVA there was a significant main effect of b* level on biological age

ratings (F2,289=3.95, p=.020). Post-hoc tests (Scheffe) revealed that high b* (most

yellow) faces are rated as looking older for their age than mid b* (MD=-1.46, p=.059)

and low b* faces (MD—1.51, p=.049). There was no significant main effect of sex of

face or any interaction between sex of face and rater sex, but was a significant main

effect of rater sex, on the biological age ratings, as reported above. There was no

interaction between b* level and sex of face on the biological age ratings (F2,289=-37,

p=.689). There was no interaction between rater sex and b* level on biological age

ratings (F2,289=l -47, p=.232) or 3 way interaction between rater sex, sex of face, and

b* level on biological age ratings (F2,289=.04, p—.962).
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8.4 Discussion

The use of two samples in this study allowed us to investigate the effects of facial

colouration across the lifespan. In the student sample (aged 18-25) we found that

those older female students had darker more red and more yellow whole face skin

than those younger females. The topographic maps show us that this pattern is found

in all areas of the female faces. There was no effect of age on colouration in the male

students' faces. However, none of the colour measures related to perceived age

ratings in either males or females. The topographic maps show that there is some

relationship between red and perceived age, distributed down only the centre of the

faces of the males and females. The lack of clear relationships in the perceived age

ratings suggest that the relationships of colouration with actual age seen in the female

faces are not contributing to judgements of age in the face.

There were no clear associations seen for the student sample and the biological age

scores. In the ANOVAs there was an interaction with sex and a* level, which shows

that there is a trend for males with redder faces to look older for their age than those

with less red. The topographic maps show that this is occurring mainly down the

centre of the face, whereby an absence of red in males is associated with looking

younger for age. This corresponds to the pattern of seeing increased red in the centre

relating to increased perceived age.

The Unilever sample has a wider age range (18-54), which allowed a better analysis

of the relationships between facial colouration and the age variables. Associations

were seen between actual age (and perceived age) and whole face L* a* and b* in
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both male and female faces. Older faces were darker, more red and more yellow.

The topographic maps show that these relationships occurred in all areas of the face,

although the redness relationship is seen mainly down the centre regions of the face.

These relationships, with face skin being darker, redder and more yellow in older

faces were as predicted. As our analysis is a between subjects look at the effect of age

on colouration across the lifespan, we cannot state definitively that this change in

colouration occurs through life; it is possible that we are observing cohort effects.

However, it is highly likely that our results reflect the change in facial colouration

across the lifespan, with increasing yellowness reflecting an accumulation ofmelanin

through UV exposure (Green & Martin 1990; Kelly et al. 1995). It is also likely that

our result of increasing redness reflects an increase in varicosities and broken

capillaries (Kelly et al. 1995; Wipperman et al. 1987), especially as this is

concentrated down the centre of the face. The result of darkening of the skin also

likely reflects an accumulation of blood and melanin pigmentation (Green & Martin

1990; Kelly et al. 1995; Wipperman et al. 1987).

In the Unilever sample, there was an association of b* (yellow) with biological age,

with those females with more yellow looking older for their age. This result

corresponds with the results with age and perceived age, that older females have more

yellow faces. The topographic maps reveal that this relationship occurs in all areas of

the face. The topographic maps also demonstrate that there is some relationship

between a* (red) and biological age in cential areas of the female face, whereby an

increased redness in the muzzle area is associated with looking old for age. This

result corresponds with the results in perceived age, whereby increased red down the

centre makes a face look old.
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The concentration of perceived age and redness down the centre of the face in both

the student and the Unilever samples demonstrates the importance of the location of

colour in the face. Results from chapter 5 show that redness all over the face is

associated with perceived health in student aged faces. Results from chapter 7 also

show that increasing redness increases apparent health. However, the results from

this chapter suggest that if redness down only the centre of the face was manipulated

it would impact on perceived age ratings, and perhaps negatively on perceived

attractiveness and health. Therefore the impact of distribution of colouration in the

face on perceptual judgements is an important direction for further research. In

addition, the darkening, reddening and yellowing of age might be associated with an

increase in roughness of texture, whereas an overall redness that is smooth and

untextured might appear attractive. Future studies looking at texture as well as colour

would be necessary to investigate this further.

198



9 General Discussion

This thesis addressed the main question of how the face acts as a signal of underlying

health in humans and cues that might be responsible for attributions made on facial

appearance.

In Chapters 2 and 3 we investigated how perceptions of facial appearance may be

related to underlying hormonal health. Chapter 2 demonstrated that in young women,

their urinary levels of reproductive hormone levels are related to how attractive,

healthy and feminine their faces were perceived to be. Those with higher levels of the

oestrogen metabolite (E3G) at the late follicular stage of their menstrual cycle had

faces that were rated as more attractive, health and feminine than those with lower

levels. In addition, there was a trend for those women with higher progesterone

metabolite (P3G) levels at the luteal stage to have more attractive, healthy and

feminine faces than those with lower levels.

These results are important in that they demonstrate a link between oestrogen levels

and femininity of female facial appearance that had previously been assumed in the

facial attractiveness field (e.g. Perrett et al. 1994; 1998; Thornhill & Gangestad

1999a). This result justifies the assumption that feminine faces are found attractive by

males because they are a signal of youth and fertility. Our result has evolutionary

significance in that males who had chosen women with feminine faces in the

evolutionary past would have been picking more fertile partners, who were thus able

to sire more or more healthy offspring. In this way, the preference for feminine faced

females could have become part of the male behavioural repertoire.
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This result linking oestrogen to facial appearance also gives support to the mounting

research that shows that faces that are found attractive and perceived to be healthy are

indeed healthier. Most of the studies that have shown firm links between some index

of underlying health and facial appearance (e.g. HLA immune profile, Roberts et al.

2005; sperm quality, Soler et al. 2003) have used male faces. Therefore our result

provides an extension to this research, demonstrating that females with more

attractive faces are more reproductively healthy, as the link between oestrogen and

progesterone levels and fertility is well established (e.g. Stewart et al. 1993; Lipson &

Ellison 1996; Baird et al. 1997; Baird et al. 1999).

Chapter 3 investigated a different hormonal marker, the stress hormone Cortisol, of

which elevated levels have been shown to be related to a range of physical and mental

ailments (e.g. Deuschle et al. 1998; Steckler et al. 1999; McEwen et al. 1997;

Rosmond & Bjorntorp 2000; Manelli & Giustina 2000; Raff et al. 1999). We found

that men with higher salivary levels ofCortisol have faces that were rated as less

healthy and attractive looking. This result demonstrates that facial appearance in men

could be used as a cue to stress hormone levels. The cause of this relationship is

uncertain. However, from an evolutionary approach, lack of knowledge about

causation is less important than when taking a medical perspective. As long as there

is a link between Cortisol levels and some detectable cue in the face (which we have

established there is), then this cue could be used by perceivers when making mate

choice or alliance judgements. Future research should aim to establish causation

through longitudinal studies, and also to test whether the demonstrated relationship

also exists in female faces.

200



Both Chapter 2 and 3 have demonstrated that perceptions of facial appearance are

related to underlying markers ofhormonal health. However, neither has demonstrated

what the cue or cues that are being used by perceivers might actually be. A look at

the composites created for females of high and low oestrogen levels, and those created

for males of high and low Cortisol levels, suggest that there might be many cues

present that are contributing to perceptual judgements, including shape differences

and also colour differences. Oestrogen is known to inhibit bone growth (Jones 1995;

Grumbach 2000) and therefore could have that affect on facial structure causing

retention ofmore childlike features, such as small chin and jaw. Chapters 3 through 8

concentrate on investigating one particular cue, skin colour, which might be related to

both perceptions of health and also to underlying markers of hormonal health.

Chapter 4 found that there are sex differences in facial colouration, with males

possessing darker, more red and more yellow faces compared to females. Research

has previously shown that the lightness (L*) and yellow (b*) dimensions in the skin

relate to melanin content (Seitz & Whitmore 1988; Takiwaki et al. 1994), and

therefore this sex difference we find in L* and b* is likely to be due to male faces

containing more melanin, as previously reported (see Frost 2005 for review).

However, the yellow component of skin (b*) has also been shown to be closely

associated with carotenoid levels in the skin (Alaluf et al. 2002), and therefore our

result may also demonstrate that males have higher levels of carotenoids. The red

dimension (a*) has been shown to relate to blood flow in the skin (Seitz & Whitmore

1988; Muizzuddin et al. 1990), and therefore the sex difference ofmales having

redder skin is likely to be due to increased blood flow in the face. The topographic
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colour maps allowed us to demonstrate that the sex differences in facial colouration

occur across virtually all areas of the face. Although there are clear sex differences in

colour, a healthy looking colouration was shown to not be sexually dimorphic.

Darker, more red and more yellow in the skin is perceived as healthy, and this

relationship is the same in both male and female faces. These results can be

interpreted as those individuals with more tanned skin or higher levels of carotenoids

and more blood flow in their faces are perceived as healthy looking.

Some of the colour dimensions related to a lesser extent to attractiveness - yellowness

was seen as attractive in both males and females - and sexual dimorphism - darker and

more red males were rated as more masculine. Again, the topographic maps allowed

us to demonstrate that these relationships between colour and perceptual attributions

exist across all areas of the face.

Chapter 5 looked specifically at how colour related to underlying levels of hormones,

oestrogen and progesterone in females, and testosterone and Cortisol in males. We

found that redness is a cue to reproductive hormone levels. Females with higher

urinary levels of the oestrogen metabolite (E3G) have more red facial skin than those

females with lower levels. Males with higher salivary levels of testosterone have

more red facial skin than those males with lower levels. These results in males and

females are important as they are the first demonstration of the impact of hormones on

facial colouration in the same way that these hormones relate to sexual skin

colouration in old world primates (Vandenbergh 1965; Michael & Wilson 1974;

Herbert 1970; Bullock et al. 1972; Bercovitch 1992). It is likely that the mechanism

by which these hormones increase redness is the same as has been demonstrated in
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primates (Rhodes et al. 1997), with oestrogen directly causing vasodialation and

increasing blood flow to the skin, and testosterone acting indirectly via aromatization

to oestrogen. The existence of this relationship between gonadal hormones and skin

reddening in both humans and old world primates may hint at the evolution of this

mechanism of signalling before the last common ancestor of around 25 million years

ago. Future work should also seek to establish the mechanism behind this association

in humans. It is likely that the mechanism may be similar to that in non-human

primates. However, it is also possible that the association could be via the autonomic

nervous system, whereby increased gonadal hormones could increase reactivity or

arousability and thus increase blood flow to the facial skin at times of social

interaction.

In Chapter 5 we also find that yellowness is a cue to Cortisol levels in men - with

increasing Cortisol associated with less yellow in the face. We know from Chapter 3

that males with high Cortisol levels look unhealthy, and from Chapter 4 that a healthy

colouration includes increasing yellow, therefore it is likely that one of the cues to

apparent health provided by Cortisol levels is skin yellowness. The proximate

mechanism behind this association of Cortisol and skin colour is unknown, it could be

direct (via impact ofACTH on melanocytes, or via depletion of skin carotenoids),

however it could be much more indirect, with those stressed individuals spending less

time outdoors in the sunshine and thus having less UV induced tanning, or by

neglecting their diet thereby consuming less carolenoids. Either way, the links

between Cortisol, skin colour and apparent health are evident, and therefore can be

used by perceivers when making judgements about potential partnerships.
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In Chapter 6 we conducted an experiment to independently manipulate the red or

yellow of facial skin, whilst keeping all other features (shape and texture) constant.

This allows us to assess the impact of colour alone on perceptions of apparent

healthiness. We found that participants increase the amount of red and yellow in

faces to make them appear most healthy. In addition, those faces originally lower in

red and yellow received more colour adjustment than faces originally high in colour.

These colour alteration results occurred for faces of different ethnic groups and by

evaluators from the UK and South Africa. Our results indicate that the definition of a

healthy colouration (increasing red and yellow) seems to be the same for faces of

different ethnic origins, and also that evaluators of different cultural backgrounds and

ethnic origins also agree on what constitutes a healthy colouration. This healthy

colouration is indicative ofmelanin or carotenoids (b*) and blood vascularization (a*)

levels raised relative to the local population. Skin colour could indicate health

through the association with hormonal status that we report in Chapter 6; that red

facial skin indicates higher levels of reproductive hormones; oestrogen (in women)

and testosterone (in men); and that yellow facial skin correlates with lower levels of

the stress hormone Cortisol (in men). Although we only tested white participants in

Chapter 5, it is plausible that the same mechanism occurs in all human faces, the

relation of redness and blood flow with reproductive hormone levels. The existence

of this relationship in old world primates would support this idea.

In Chapter 7 we investigated sex differences m luminance or lightness difference

between the lips and the rest of the face (relative luminance), and also how relative

luminance relates to perceptual ratings of apparent health, attractiveness and sexual

dimorphism. This research follows on from that of Russell (2003) who found
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relations between relative luminance and attractiveness ratings in manipulated images.

We found that female faces had higher relative luminance than males; attributable to

lighter female face skin as a result of lighter face skin relative to their lips. In both

male and female faces, ratings of sexual dimorphism, health and attractiveness were

negatively associated with relative luminance; faces with increasing similarity

between cheeks and lips (face skin approaching darkness of lips) are viewed as more

healthy, sexually dimorphic and attractive. However, apparent health and

attractiveness ratings were better predicted by absolute luminance of the rest of the

face than by relative luminance scores. Only sexual dimorphism ratings were better

predicted by relative luminance than absolute luminance of face or lips, and this result

was due to the male faces. Male faces with relative luminance more typical of males

(i.e. decreased difference between lips and rest of face) are rated as more masculine

than those with more female-typical relative luminance (i.e. increased difference

between lips and rest of face). As this study was correlational it is possible that

another cue (co-varying with relative luminance) is responsible for this result.

However, the parallel finding in manipulated images by Russell (2003) makes it likely

that relative luminance is contributing to the perceptions ofmasculinity.

In the final experimental chapter (chapter 8) we investigated how facial colouration

relates to age and perceived age in two samples, one of young adults (18-24) and the

other a wider age range of adults (20-54). In the young adult sample there were no

consistent relations of colour with actual age, but this may be expected due to the

narrow age range of the participants. The topographic maps allowed us to see that

perceived age related to redness in the young sample with increased red down only

the centre of the face relates to looking older in both the males and females. The
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analysis of the larger age range sample confirmed this pattern, showing that perceived

age (and actual age) related to redness, with increased red down mainly the central

area of the face related to being and looking older in both male and females. The

wider age ranged sample also showed that increasing darkness and increasing yellow

related to being older and also looking older.

This chapter highlights an important concept, that is, that the topography of colour is

very important. We found in Chapter 4 that increased darkness and increased red and

yellow over the entirety of the face was associated with increased perceptions of

apparent health. Furthermore, we confirmed in Chapter 6 that increased red and

yellow independently contribute to ratings of apparent health, as we found that

participants increased red and yellow of the entire face to make face look maximally

healthy. However, the results from Chapter 8 suggest that ifwe had changed only the

region down the centre of the face, the results could have been very different;

increasing redness in only this area may have increased the perceived age of the faces,

which may diminish from the healthiness of the face. The ideas raised in chapter 8

provide the scope for further research into this area, with experiments to manipulate

different areas of the face independently in order to elicit how perceptual judgements

are affected. The relationships between colour and age also suggest that the increased

red and yellow may cause faces to appear more healthy only in young adults. The

correlational studies from Chapter 4 associating apparent health with colour, and the

manipulation experiment from Chapter 6, could be conducted in other age ranges of

adults, in order to test the generalisability of our results.
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The issue of camera calibration is a crucial one when researching into the effects of

skin colouration. Our camera calibration (as discussed in Chapter 4) revealed a

systematic bias in the three colour dimensions of our photographs. However, as most

of the analyses were correlational, our results would not have been seriously affected

by the bias. The results of our colour manipulation experiment (chapter 6) may have

been affected in one of the colour dimensions (b*), and further replication with

calibrated images is necessary to confirm our results conclusively. However, even if

the calibration issue may affect our findings negligibly, in order to produce

experimental results that can stand up to criticism in the domain of colour science, as

well as in the evolutionary facial attractiveness literature, then strict control of the

camera and light sources through calibration, should be the protocol of further

research in this area. Further improvements in skin colour measurement could be

through using direct measurement of skin using a spectrophotometer.

In summary, the research in this thesis has provided evidence that facial appearance in

humans can be used as a reliable cue to underlying hormonal health, for reproductive

hormone levels in women and for Cortisol levels in men. Skin colouration of the face

is one particular cue that we have shown relates to hormone levels, and which we also

have shown relates strongly to judgements of apparent. These demonstrated

relationships between colour, hormonal health, and facial attributions have

evolutionary significance in that skin colouration provides a detectable cue to

underlying hormonal health and as such may play a role in human mate choice.

207



References

Abitbol, J., Abitbol, P. & Abitbol, B. (1999). Sex hormones and the female voice.
Journal of Voice, 13, 424-446.

Alaluf, S., Heinrich, U., Stahl, W., Tronnier, H. & Wiseman, S. (2002). Dietary
carotenoids contribute to normal human skin color and UV photosensitivity.
Journal ofNutrition, 132(3), 399-403.

Alexander, R. D., Hoodland, J. L., Howard, R. D., Noonan, K. M. & Sherman, P. W.
(1979). Sexual dimorphisms and breeding systems in pinnepeds, ungulates,
primates, and humans. In N. A. Chagnon & W. Irons (Eds.), Evolutionary
biology and human social behaviour. North Scituate, MA: Duxbury Press.

Alley, T. R. (1980). Infantile colouration as an elicitor of caretaking behaviour in Old
World primates. Primates, 21, 416-429.

Anderson, R. R. & Parrish, J. A. (1981). The optics of human skin. Journal of
Investigative Dermatology, 77, 13-19.

Andersson, M. (1994). Sexual Selection. Princeton, NJ: Princeton University Press.
Aoki, K. (2002). Sexual selection as a cause of human skin colour variation: Darwin's

hypothesis revisited. Annals ofHuman Biology, 29(6), 589-608.
Baird, D., Weinberg, C. R., Zhou, H., Kamel, F., McConnaughey, D. R., Kesner, J. S.

& Wilcox, A. J. (1999). Preimplantation urinary hormone profiles and the
probability of conception in healthy women. Fertility and Sterility, 71, 40-49.

Baird, D. D., Wilcox, A. J., Weinberg, C. R., Kamel, F., McConnaughey, D. R.,
Musey, P. I., et al. (1997). Preimplantation hormonal differences between the
conception and nonconception menstrual cycles of 32 normal women. Human
Reproduction, 12, 2607-13.

Bakker, T. C., Kunzler, R. & Mazzi, K. (1999). Condition-mate choice in
sticklebacks. Nature, 401, 234.

Banerjee, S., Singh, J. R. & Tiwari, S. C. (1983). Age and sex variation in human skin
pigmentation. Acta Med. Auxol. (Milan), 15, 221-227.

Barnicot, N. A. (1958). Reflectometry of the skin in southern Nigerians and in some
mulattoes. Human Biology, 30, 150-160.

Bateman, A. J. (1948). Intra-sexual selection in Drosophila. Heredity, 2, 349-368.
Beadle, P. C. (1977). The epidermal biosynthesis of cholecalciferol (vitamin D3).

Photochemistry and Photobiology, 25, 519-527.
Bellis, M. A. & Baker, R. R. (1990). Do females promote sperm competition? Data

for humans. Animal Behaviour, 40, 997-999.
Belsky, J., Steinberg, L. & Draper, P. (1991). Childhood experience, interpersonal

development, and reproductive strategy: An evolutionary theory of
socialization. Child Development, 62, 647-670.

Benson, P. J. & Perrett, D. I. (1993). Extracting prototypical facial images from
exemplars. Perception, 22, 257-262.

Bercovitch, F. B. (1992). Estradial concentrations, fat deposits, and reproductive
strategies in male rhesus macaques. Hormones & Behavior, 26(2), 272-282.

Beme, R. & Levy, M. (1997). Physiology. Mosby Yearbook, St. Louis.
Bower, C. & Stanley, F. J. (1989). Dietary folate as a risk factor for neural-tube

defects: evidence from a case-control study in Western Australia. TheMedical
Journal ofAustralia, 150, 613-619.

Branda, R. F. & Eaton, J. W. (1978). Skin color and nutrient photolysis: An
evolutionary hypothesis. Science, 201, 625-626.

208



Braverman, I. M. (1983). The role of blood vessels and lymphatics in cutaneous
inflammatory processes. British Journal ofDermatology, 109(25), 89-98.

Brown, J. L. (1997). A theory ofmate choice based on heterozygosity. Behavioural
Ecology, 8, 60-65.

Brown, J. L. (1999). The new heterozygosity theory ofmate choice and the MHC.
Genetica, 104, 215-221.

Bruce, V., Burton, A., Dench, N. (1994). What's distinctive about a distinctive face?
Quarterly Journal ofExperimental Psychology, 47A, 119—41.

Bullock, D. W., Paris, C. A. & Goy, R. W. (1972). Sexual behaviour, swelling of the
sex skin and plasma progesterone in the pigtail macaque. Journal of
Reproduction and Fertility, 31, 225-236.

Burkit, H. G., Young, B. & Heath, J. W. (1993). Functional Histology. Livingstone,
UK: Churchill.

Burley, N. (1983). The meaning of assortative mating. Ethology and Sociobiology, 4,
191-203.

Buss, D. M. (1989). Sex differences in human mate preferences: evolutionary
hypotheses tested in 37 cultures. Behavioral and Brain Sciences, 12, 1-49.

Buss, D. M., Shackelford, T. K. & LeBlanc G. J. (2000). Number of children desired
and preferred spousal age difference: context-specific mate preference patterns
across 37 cultures. Evolution and Human Behavior, 21, 323-331.

Carrington, M., Nelson, G. W., Martin, M. P., Kissner, T., Vlahov, D., Goedert, J. J.,
Kaslow, R., Buchbinder, S., Hoots, K. & O' Brien, S. J. (1999). HLA and
HIV-1: heterozygote advantage and B*35-Cw*04 disadvantage. Science, 283,
1748-1752.

Chaffkin, L. M., Luciano, A. A. & Peluso, J. J. (1993). The role of progesterone in
regulating human granulosa cell proliferation and differentiation in vitro.
Journal ofClinical Endocrinology and Metabolism, 76, 696-700.

Conway, D. L. & Baker, P. T. (1972). Skin reflectance of Quechua Indians, the effects
of genetic admixture, sex and age. American Journal ofPhysical
Anthropology, 36, 267-282.

Cornwell, R. E., Law Smith, M. J., Boothroyd, L. G., Moore, F. R., Davis, H. P.,
Stirrat, M., Tiddeman, B. & Perrett, D. I. (2006) Reproductive strategy, sexual
development and attraction to facial characteristics. Philosophical
Transactions of the Royal Society London B, 361 (1476), 2143-2154.

Corson, R. (1972). Fashions in Makeup: From Ancient to Modern Times. London:
Peter Owen.

Gumming, D.C. (1983). Acute suppression of circulating testosterone levels. Journal
ofClinical Endocrinology andMetabolism, 57, 671.

Cunningham, M. R. (1986). Measuring the physical in physical attractiveness: quasi-
experiments on the socio-biology of female facial beauty. Journal of
Personality and Social Psychology, 50, 925-935.

Cunningham, M. R., Barbee, A. P. & Pike, C. L. (1990). What do women want?
Facialmetric assessment ofmultiple motives in the perception ofmale facial
physical attractiveness. Journal ofPersonality and Social Psychology, 59, 61-
72.

Cunningham, M. R., Roberts, A. R., Barbee, A. P., Druen, P. B. & Wu, C.H. (1995).
Their ideas of beauty are, on the whole, the same as ours: consistency and
variability in the crosscultural perception of female physical attractiveness.
Journal ofPersonality and Social Psychology, 68, 261-79.

209



Curry, W. C. (1916). The Middle English Ideal ofPersonal Beauty. Baltimore, MD:
Furst.

Dabbs, J. M. Jr. (1990). Salivary testosterone measurements: reliability across hours,
days and weeks. Physiology & Behavior, 48(1), 83-86.

Dabbs, J. M. & Dabbs, M. G. (2001). Heroes, Rogues, & Lovers: Testosterone and
Behavior. New York: McGraw-Hill.

Dabbs, J. M. Jr. & Morris, R. (1990). Testosterone, social class, and antisocial
behavior in a sample of 4,462 men. Psychological Science, 1, 209-211.

Daly, W., Seegers, C. A., Rubin, D. A., Dobridge, J. D. & Hackney, A. C. (2005).
Relationship between stress hormones and testosterone with prolonged
endurance exercise. European Journal ofApplied Physiology, 93, 375-380.

Daniels, F. J. (1959). The physiological effects of sunlight. Journal ofInvestigative
Dermatology, 32, 147-155.

Darwin, C. (1859). On the origin ofspecies by means ofnatural selection, or the
preservation offavoured races in the strugglefor life. London: John Murray.

Darwin, C. (1871). The descent ofman, and selection in relation to sex. London: John
Murray.

Deady, D. K. & Law Smith, M. J. (2006). Height in women predicts maternal
tendencies and career orientation. Personality and Individual Differences, 40,
17-25.

Deady, D. K., Law Smith, M. J., Sharp, M. A. & Al-Dujaili, E. A. S. (2006). Maternal
personality and reproductive ambition in women is associated with salivary
testosterone levels. Biological Psychology, 71, 29-32.

DeBruine, L. M., Jones, B. C., Little, A. C., Boothroyd, L. G., Perrett, D. I., Penton-
Voak, I. S., Cooper, P. A., Penke, L., Feinberg, D. R. & Tiddeman, B. P.
(2006). Correlated preferences for facial masculinity and ideal or actual
partner's masculinity. Proceedings ofthe Royal Society London B, 273, 1355—
1360.

Deuschle, M., Weber, B., Colla, M., Depner, M. & Heuser, I. (1998). Effects ofmajor
depression, aging and gender upon calculated diurnal free plasma Cortisol
concentrations: a re-evaluation study. Stress, 2, 281-287.

Dickey, R. P., Olar, T. T., Taylor, S. N., Curole, D. N. & Matulich, E. M. (1993).
Relationship of endometrial thickness and pattern to fecundity in ovulation
induction cycles: effect of clomiphene citrate alone and with human
menopausal gonadotropin. Fertility and Sterility, 59, 756-760.

Dixson, A. F. (1998). Primate sexuality: comparative studies ofprosimians, monkeys,
apes, and human beings. New York: Oxford University Press.

Doerr, P. (1976). Cortisol-induced suppression of plasma testosterone in normal adult
males. Journal ofClinical Endocrinology and Metabolism, 43, 622.

Dunbar, R. I. M. (1995). Are you lonesome tonight? New Scientist, 145, 26-31.
Edwards, E. A. & Duntley, S. Q. (1939). The pigments and color of living human

skin. American Journal ofAnatomy, 65, 1-33.
Eissa, M. K., Obhrai, M. S., Docker, M. F., Lynch, S. S., Sawers, R. S. & Newton, R.

R. (1986). Follicular growth and endocrine profiles in spontaneous and
induced conception cycles. Fertility and Sterility, 45, 191-19.

Enlow, D. H. (1990). Facial Growth. Philadelphia, PA: Harcourt Brace Javanovich.
Etcoff, N. (1999). Survival ofthe prettiest. New York: Doubleday.
Farkas, L. G. (1988). Age- and sex-related changes in facial proportions. In L. G.

Farkas & I. R. Munro (Eds.), Anthropometric Proportions in Medicine.
Springfield, IL: Thomas.

210



Feinberg, D. R., Jones, B. C., DeBruine, L. M., Moore, F. R., Law Smith, M. J.,
Cornwell, R. E., Tiddeman, B. P., Boothroyd, L. G. & Perrett, D. I. (2005).
The voice and face ofwoman: One ornament that signals quality? Evolution
and Human Behavior, 26(5), 398-408.

Feinberg, D. R., Jones, B. C., Law Smith, M. J., Moore, F. R., DeBruine, L. M.,
Cornwell, R. E., Hillier, S. G. & Perrett, D. I. (2006). Menstrual cycle, trait
estrogen level and masculinity preferences in the human voice. Hormones and
Behavior, 49, 215-222.

Feingold, A. (1988). Matching for attractiveness in romantic partners and same-sex
friends - a meta-analysis and theoretical critique. Psychological Bulletin, 104,
226-235.

Feinman, S. & Gill, G. W. (1978). Sex differences in physical attractiveness
preferences. Journal ofSocial Psychology, 105, 43-52.

Fessler, D. M. (2002). Reproductive immunosuppression and diet. Current
Anthropology, 43, 19-61.

Fink, B., Grammer, K. & Thornhill, R. (2001). Human (Homo sapiens) facial
attractiveness in relation to skin texture and color. Journal ofComparative
Psychology, 115(1), 92-99.

Fink, B., Neave, N., Manning, J. T. & Grammer, K. (2006). Facial symmetry and
judgements of attractiveness, health and personality. Personality and
Individual Differences, 41(3), 491-499.

Fisher, R. A. (1930). The genetical theory ofnatural selection. Oxford, UK: Oxford
University Press.

Fitzpatrick, T. B., Eisen, A. Z., Wolff, K., Freedberg, I. M. & Austen, K. F. (1993).
Dermatology in General Medicine. New York: McGraw Hill.

Flaxman, S. M., Sherman, P. W. (2000). Morning sickness: a mechanism for
protecting mother and embryo. Quarterly Review ofBiology, 75, 113-148.

Folstad, I. & Karter, A. J. (1992). Parasites, bright males and the immunocompetence
handicap. American Naturalist, 139, 603-622.

Frost, P. (1988). Human skin color - a possible relationship between its sexual
dimorphism and its social perception. Perspectives in Biology and Medicine,
32(1), 38-58.

Frost, P. (1994). Preference for darker faces in photographs at different phases on the
menstrual cycle: preliminary assessment of evidence for a hormonal
relationship. Perceptual andMotor Skills, 79, 507-14.

Frost, P. (2005). Fair Women, DarkMen: The forgotten roots ofcolor prejudice. New
Zealand: Cybereditions.

Gangestad, S. W. & Simpson, J. A. (2000). The evolution of human mating: trade-offs
and strategic pluralism. Behavioral and Brain Sciences, 23, 573-644.

Gangestad, S. W., Simpson, J. A., Cousins, A. J., Garver-Apgar, C. E. & Christensen,
P. N. (2004). Women's preferences for male behavioral displays change
across the menstrual cycle. Psychological Science, 15, 203-207.

Gangestad, S. W. & Thornhill, R. (2003). Facial masculinity and fluctuating
asymmetry. Evolution and Human Behavior, 24, 231-241.

Gangestad, S. W., Thornhill, R. & Garver, C. E. (2002). Changes in women's sexual
interests and their partners' mate-retention tactics across the menstrual cycle:
evidence for shifting conflicts of interest. Proceedings of the Royal Society
London B, 269, 975-982.

211



Gangestad, S. W., Thornhill, R. & Yeo, R. A. (1994). Facial attractiveness,
developmental stability, and fluctuating asymmetry. Ethology and
Sociobiology, 15, 73-85.

Garn, S. M., Selby, S. & Crawford, M. R. (1956). Skin reflectance studies in children
and adults. American Journal ofPhysical Anthropology, 14, 101-117.

Gerald, M. S., Bernstein, J., Flinkson, R. & Fosbury, R. A. E. (2001). Formal method
for objective assessment of primate color. American Journal ofPrimatology,
53(2), 79-85.

Getty, T. (2002). Signaling health versus parasites. American Naturalist, 159, 363-
371.

Gilbert, S. F. (2000). Developmental Biology. USA: Sinauer.
Gillen, B. (1981). Physical attractiveness: a determinant of two types of goodness.

Personality and Social Psychology Bulletin, 7, 384-87.
Glerup, H., Mikkelsen, K., Poulsen, L., Hass, E., Overbeck, S., Thomsen, J., et al.

(2000). Commonly recommended daily intake of vitamin D is not sufficient if
sunlight exposure is limited. Journal ofInternal Medicine, 247(2), 260-268.

Goldsmith, L. A. (1991). Physiology, Biochemistry, and Molecular Biology of the
Skin. New York: Oxford University Press.

Gomendio, M., Cassinello, J. & Roldan, E. R. S. (2000). A comparative study of
ejaculate traits in three endangered ungulates with different levels of
inbreeding: Fluctuating asymmetry as an indicator of reproductive and genetic
stress. Proceedings of the Royal Society London B, 261, 875-882.

Goodyer, I. M., Herbert, J., Tamplin, A. & Altham, P. M. (2000). Recent life events,
Cortisol, dehydroepiandrosterone and the onset ofmajor depression in high-
risk adolescents. British Journal ofPsychiatry, 177, 499-504.

Grammer, K. & Thornhill, R. (1994). Human (homo sapiens) facial attractiveness and
sexual selection: the role of symmetry and averageness. Journal of
Comparative Psychology, 108, 233-242.

Grando, S. A. (1993). Physiology of endocrine skin interrelations. Journal ofthe
American Academy ofDermatology, 28, 981-992.

Gray, A., Jackson, D. N. & McKinlay, J. B. (1991). The relation between dominance,
anger, and hormones in normally aging men: Results from the Massachusetts
male aging study. Psychosomatic Medicine, 53, 375-385.

Gray, P. B., Kahlenberg, S. M., Barrett, E. S., Lipson, S. F. & Ellison, P. T. (2002).
Marriage and fatherhood are associated with lower testosterone in males.
Evolution and Human Behavior, 23, 193-201.

Green, A. & Martin, N. G. (1990). Measurement and Perception of Skin Color in a
Skin-Cancer Survey. British Journal ofDermatology, 123(1), 77-84.

Greksa, L. P. (1998). Comparison of skin reflectances between Bolivian lowlanders
and highlanders of European ancestry. Human Biology, 70(5), 889-900.

Grumbach, M. M. (2000). Estrogen, bone, growth and sex: A sea change in
conventional wisdom. Journal ofPediatric Endocrinology & Metabolism, 13,
1439-1455.

Hadley, M. E. & Haskell-Luevano, C. (1999). The proopiomelanocortin system. In T.
Luger, R. Paus, J. Lipton & A. Slominski (Eds.) Cutaneous
Neuroimmunomodulation: The Proopiomelanocortin System (Annals of the
New York Academy of Sciences, Vol. 885).

Hamilton, W. D. & Zuk, M. (1982). Heritable fitness and bright birds: a role for
parasites? Science, 218, 384-387.

212



Harburg, E., Gleibermann, L. & Harburg, J. (1982). Blood pressure and skin color:
Maupiti, French Polynesia. Human Biology, 54, 283-298.

Harrison, G. A. & Salzano, F. M. (1966). The skin color of the Caingang and Guarani
Indians of Brazil. Human Biology, 38, 104-111.

Harvey, R. G. (1985). Ecological Factors in Skin Color Variation among Papua-New-
Guineans. American Journal ofPhysical Anthropology, 66(4), 407-416.

Henderson, J. J. A. & Anglin, J. M. (2003). Facial attractiveness predicts longevity.
Evolution andHuman Behavior, 24, 351-356.

Henss, R. (2000). Waist-to-hip ratio and female attractiveness. Evidence from
photographic stimuli and methodological considerations. Personality and
Individual Differences, 28, 501-513.

Herbert, J. (1970). Hormones and reproductive behaviour in rhesus and talapoin
monkeys. Journal ofReproduction and Fertility Supplement, 11, 119-140.

Hill, G. E. (1991). Plumage-colouration is a sexually selected indicator ofmale
quality. Nature, 350, 337-339.

Hill, H., Bruce, V. & Akamatsu, S. (1995). Perceiving the Sex and Race of Faces - the
Role of Shape and Color. Proceedings of the Royal Society London B,
261(1362), 367-373.

Holick, M. F., MacLaughlin, J. A. & Doppelt, S. H. (1981). Regulation of cutaneous
previtamin D3 photosynthesis in man: skin pigment is not an essential
regulator. Science, 211, 590-593.

Hong, G., Luo, M. R. & Rhodes, P. A. (2001). A study of digital camera colorimetric
characterization based on polynomial modelling. Color research and
application, 26, 76-84.

Hrdlicka, A. (1922). Physical anthropology of the old Americans. American Journal
ofPhysical Anthropology, 5, 97-142.

Huizinga, J. (1965). Reflectometry of the skin in Dogons. Koninkl. Nederl. Akad.
Proc., C, 68, 289-296.

Hulse, F. S. (1967). Selection for skin color among the Japanese. American Journal of
Physical Anthropology, 27, 143-156.

Hulse, F. S. (1968). Skin color among the Yemenite Jews of the isolate from Habban.
Proc. VHIth Congr. Anthropol. Ethnol. Sci., 1, 226-228.

Hyades, P. & Deniker, J. (1891). Mission scientifique du Cap Horn. VII. Paris.
Ihara, Y. & Aoki, K. (1999). Sexual selection by male choice in monogamous and

polygynous human. Theoretical Popidation Biology, 55(1), 77-93.
Jablonski, N. G. & Chaplin, G. (2000). The evolution of human skin coloration.

Journal ofHuman Evolution, 39(1), 57-106.
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 ofthe Royal Society London B, 271, 1213-1217.

Johnston, V. S. & Franklin, M. (1993). Is beauty in the eye of the beholder? Ethology
and Sociobiology, 14, 183-199.

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, D. & Hill, K. (1993). Criteria of facial attractiveness in five populations.
Human Nature, 4, 271-96.

Jones, B. C., Little, A. C., Boothroyd, L., DeBruine, L. M., Feinberg, D. R., Law
Smith, M. J., Cornwell, R. E., Moore, F. R. & Perrett, D. I. (2005b).
Commitment to relationships and preferences for femininity and apparent

213



health in faces are strongest on days of the menstrual cycle when progesterone
level is high. Hormones and Behavior, 48, 283-290.

Jones, B. C., Little, A. C., Boothroyd, L., Feinberg, D. R., Cornwell, R. E., DeBruine,
L. M., Roberts, S. C., Penton-Voak, I. S., Law Smith, M. J., Moore, F. R.,
Davis, H. P. & Perrett, D. I. (2005a). Women's physical and psychological
condition independently predict their preference for apparent health in faces.
Evolution andHuman Behavior, 26, 451-457.

Jones, B. C., Little, A. C., Feinberg, D. R., Penton-Voak, I. S., Tiddeman, B. P. &
Perrett, D. I. (2004). The relationship between shape symmetry and perceived
skin condition in male facial attractiveness. Evolution and Human Behavior,
25, 24-30.

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 "good genes" explanation of the attractiveness-symmetry relationship.
Evolution andHuman Behavior, 22, 417-429.

Jones, B. C., Perrett, D. I., Little, A. C., Boothroyd, L., Cornwell, R. E., Feinberg, D.
R., Tiddeman, B. P., Whiten, S., Pitman, R. M., Hillier, S. G., Burt, D. M.,
Stirrat, M. R., Law Smith, M. J. & Moore, F. R. (2005). Menstrual cycle,
pregnancy and oral contraceptive use alter attraction to apparent health in
faces. Proceedings of the Royal Society London B, 272, 347-354.

Jones, D. (1995). Sexual selection, physical attractiveness, and facial neoteny -
Crosscultural evidence and implications. Current Anthropology, 36, 723-748.

Joseph-Horne, R., Mason, H., Batyy, S., White, D., Hillier, S., Urquhart, M. &
Franks, S. (2002). Luteal phase progesterone excretion in ovulatory women
with polycystic ovaries. Human Reproduction, 17, 1459-1463.

Kalick, S. M., Zebrowitz, L. A., Langlois, J. H. & Johnson, R. M. (1998). Does
human facial attractiveness honestly advertise health? Longitudinal data on an
evolutionary question. Psychological Science, 9(1), 8-13.

Kaplan, H., Hill, K., Lancaster, J. & Hurtado, A. M. (2000). A theory of human life
history evolution: Diet, intelligence and longevity. Evolutionary
Anthropology, 9, 156-185.

Kaplan, H. S. & Lancaster, J. B. (2003). An evolutionary and ecological analysis of
human fertility, mating patterns and parental investment. In K. W. Wachter &
R. A. Bulatao (Eds.), Offspring: Fertility Behavior in Biodemographic
Perspective. Washington: National Academies Press.

Keating, C. F. (1985). Gender and the physiognomy of dominance and attractiveness.
Social Psychology Quarterly, 48, 61-70.

Kelly, R. I., Pearse, R., Bull, R. H., Leveque, J. L., Derigal, J. & Mortimer, P. S.
(1995). The effects of aging on the cutaneous microvasculature. Journal ofthe
American Academy ofDermatology, 33(5), 749-756.

Kirkpatrick, M. & Ryan, M. J. (1991). The evolution ofmating preferences and the
paradox of the lek. Nature, 350, 33-38.

Koehler, N., Simmons, L. W., Rhodes, G. & Peters, M. (2004). The relationship
between sexual dimorphism in human faces and fluctuating asymmetry.
Proceedings of the Royal Society London B (Suppl.), 271, S233-36.

Kollias, N. & Baqer, A. H. (1988). Quantitative assessment ofUV-induced
pigmentation and erythema. Photodermatology, 5(53-60).

Krinsky, N. I., Mayne, S. T. & Sies, H. (2004). Carotenoids in Health and Disease.
New York: CRC.

214



Kurtz, J. & Sauer, K. P. (1999). The immunocompetence handicap hypothesis: testing
the genetic predictions. Proceedings of the Royal Society London B, 266,
2515-2522.

Langlois, J. H., Kalakanis, L., Rubenstein, A. J., Larson, A., Hallam, M. & Smoot, M.
(2000). Maxims or myths of beauty? A meta-analytic and theoretical review.
Psychological Bulletin, 126, 390-423.

Langlois, J. H. & Roggman, L. A. (1990). Attractive faces are only average.
Psychological Science, 1(2), 115-121.

Law Smith, M. J. & Deady, D. K. (2004). Shifting male preferences for female body
type: an adaptive response to a changing western socioeconomic environment?
16th Annual Meeting ofHuman Behavior & Evolution Society (HBES), Berlin,
July 21-25th 2004.

Law Smith, M. J., Deady, D. K., Moore, F. R., Hiller, S. G. & Perrett, D. I. (2006).
Women with high maternal tendencies have high oestrogen levels and
feminine faces. Annual meeting ofSocietyfor Behavioral Neuroendocrinology
(SBN), Pittsburgh, June 2006. Published meeting abstract in Hormones &
Behavior.

Lee, J., Jiang, S. G., Levine, N. & Watson, R. R. (2000). Carotenoid supplementation
reduces erythema in human skin after simulated solar radiation exposure.
Proceedings ofthe Societyfor Experimental Biology andMedicine, 223(2),
170-174.

Lee, R., Mathews-Roth, M. M., Pathak, M. A. & Parrish, J. A. (1975). The detection
of carotenoid pigments in human skin. Journal ofInvestigative Dermatology,
64, 175-177.

Leguebe, A. (1961). Contribution a l'etude de la pigmentation chez l'homme. Bulletin
de Tlnstitut royal des Sciences Naturelles de Belgique, 37, 1-29.

Light, L. L., Hollander, S. & Kayra-Stuart, F. (1981). Why attractive people are
harder to remember. Personality and Social Psychology Bulletin, 7, 269- 76.

Lipson, S. F. & Ellison, P. T. (1996). Comparison of salivary steroid profiles in
naturally occurring conception and nonconception cycles. Human
Reproduction, 11,2090-2096.

Little, A. C., Burt, D. M., Penton-Voak, I. S. & Perrett, D. I. (2001). Self-perceived
attractiveness influences human female preferences for sexual dimorphism and
symmetry in male faces. Proceedings ofthe Royal Society London B, 268, 39-
44.

Loomis, W. F. (1967). Skin-pigment regulation of vitamin-D biosynthesis in man.
Science, 157, 501-506.

Lopez, S. (1999). Parasitised female guppies do not prefer showy males. Animal
Behavior, 57, 1129-1134.

Mackintosh, J. A. (2001). The antimicrobial properties ofmelanocytes, melanosomes
and melanin and the evolution of black skin. Journal ofTheoretical Biology,
211(2), 101-113.

Maeda, K., Tornila, Y., Nagamura, M. & Tagami, H. (1996). Phospholipases induce
melanogenesis in organ-cultured skin. Photochemistry and Photobiology,
64(1), 220-223.

Manelli, F. & Giustina, A. (2000). Glucocorticoid-induced osteoporosis. Trends in
Endocrinology and Metabolism, 11, 79-85.

Manning, J. T., Bundred, P. E. & Mather, F. M. (2004). Second to fourth digit ratio,
sexual selection, and skin colour. Evolution andHuman Behavior, 25, 3-50.

215



Mantero, F. & Boscaro, M. (1992). Glucocorticoid-dependent hypertension. Journal
ofSteroid Biochemistry and Molecular Biology, 43, 409-413.

Martin, L. G., Clark, J. W. & Connor, T. B. (1968). Growth hormone secretion
enhanced by androgens. Journal ofClinical Endocrinology and Metabolism,
28, 425-428.

Masveer, M., le Liljedal, S. & Folstad, I. (2004). Are secondary sex traits, parasites
and immunity related to variation in primary sex traits in the Arctic charr?
Proceedings ofthe Royal Society London B (Suppl.), 271, S40-S42.

Mathur, U., Datta, S. L. & Mathur, B. B. (1977). The effect of aminopterin-induced
folic acid deficiency on spermatogenesis. Fertility and Sterility, 28, 1356-
1360.

Mawer, E. B., Backhouse, J., Holman, C. A., Lumb, G. A. & Stanbury, S. W. (1972).
The distribution and storage of vitamin D and its metabolites in human tissues.
Clinical Science, 43, 413-431.

Mazess, R. B. (1967). Skin color in Bahamian Negroes. Human Biology, 39, 145-154.
Mazur, A. & Booth, A. (1998). Testosterone and Dominance in Men. Behavioral and

Brain Sciences, 21, 353-397.
McClelland, E. E., Penn, D. J. & Potts, W. K. (2003). Major histocompatibility

complex heterozygote superiority during coinfection. Infection and Immunity,
71,2079-2086.

McEwen, B. S., Biron, C. A., Branson, K. W., Bulloch, K., Chambers, W. H.,
Dhabhar, F. S., Goldfarb, R. H., Kitson, R. P., Miller, A. H., Spencer, R. L. &
Weiss, J. M. (1997). The role of adrenocorticoids as modulators of immune
function in health and disease: neural, endocrine and immune interactions.
Brain Research Reviews, 23, 79-133.

Mealey, L., Bridgestock, R. & Townsend, G. (1999). Symmetry and perceived facial
attractiveness. Journal ofPersonality and Social Psychology, 76, 151-158.

Mesa, M. S. (1983). Analyse de la variabilitie de la pigmentation de la peau durant la
croissance. Bulletin et Memoires de la Societe d'Anthropologie de Paris,
13(10), 49-60.

Michael, R. P. & Wilson, M. (1974). Effects of castration and hormone replacement
in fully adult male rhesus monkeys (Macaca mulatta). Endocrinology, 95, 150-
159.

Moller, A. P. (1990). Effects of a haematophagous mite on the barn swallow, Hirundo
rustica: a test of the Hamilton and Zuk hypothesis. Evolution, 44, 771-784.

Moller, A. P. (1994). Sexual selection and the barn swallow. Oxford: Oxford
University Press.

Moller, A. P., Christe, P. & Lux, E. (1999). Parasitism, host immune function, and
sexual selection. Quarterly Review ofBiology, 74, 3-74.

Moller, A. P. & Thornhill, R. (1997). Bilateral symmetry and sexual selection: A
meta-analysis. American Naturalist, 151, 174-192.

Montagna, W. (1981). The consequences of having a naked skin. Birth Defects
Original Article Series, 17, 1-7.

Moore, F. R., Law Smith, M. J., Cassidy, C. & Perrett, D. I. (in review). Female
reproductive strategy predicts preferences for masculinity in male faces.
Proceedings ofthe Royal Society London B.

Mori, O. & Tokuhashi, M. (1956). Measurement by age group of the color and gloss
of the skin of healthy Japanese. Journal ofAnthropology Soc. Nippon
(Jinruigaku Zassi), 65, 1-19.

216



Mueller, U. & Mazur, A. (1996). Facial dominance ofWest Point cadets as a

predictor of later military rank. Social Forces, 74, 823-50.
Muizzuddin, N., Marenus, K., Maes, D. & Smith, W. P. (1990). Use of a

Chromameter in Assessing the Efficacy of Anti- Irritants and Tanning
Accelerators. Journal of the Society ofCosmetic Chemists, 41(6), 369-378.

Mungall, A. J., Palmer, S. A., Sims, S. K., Edwards, C. A., Ashurst, J. L., Wilming,
L., et al. (2003). The DNA 411 sequence and analysis of human chromosome
6. Nature, 425, 805-811.

Murray, F. G. (1934). Pigmentation, sunlight and nutritional disease. American
Anthropologist, 36, 438-445.

Neave, N., Laing, S., Fink, B. & Manning, J. T. (2003). Second to fourth digit ratio,
testosterone and perceived male dominance. Proceedings of the Royal Society
London B, 270, 2167-2172.

Nei, M. (1985). Human evolution at the molecular level. In T. Ohta & K. Aoki (Eds.),
Population Genetics andMolecular Evolution. Tokyo: Japan Scientific Press.

O'Toole, A. J., Deffenbacher, K. A.,Valentin, D„ McKee, K., Huff, D. & Abdi, H.
(1998). The perception of face gender: the role of stimulus structurein
recognition and classification. Memory & Cognition, 26, 146-60.

O'Toole, A. J., Price, T.,Vetter, T., Bartlett, J. C. & Blanz, V. (1999). 3D shape and
2D surface textures of human faces: the role of "averages" in attractiveness
and age. Image and Vision Computing, 18, 9-19.

Osgood, C. (1963). Village Life in Old China - a Community Study ofKao Yao,
Ynnan. New York: Ronald.

Pedersen, B. K. & Hoffman-Goetz, L. (2000). Exercise and the immune system:
regulation, integration, and adaptation. Physiological Reviews, 80, 1055-1081.

Penn, D. J., Damjanovich, K. & Potts, W. K. (2002). MHC heterozygosity confers a
selective advantage against multiple-strain infections. Proceedings of the
National Academy ofSciences of the United States ofAmerica, 99, 11260—
11264.

Penton-Voak, I. S. & Chen, J. Y. (2004). High salivary testosterone is linked to
masculine male facial appearance in humans. Evolution and Human Behavior,
25,229-241.

Penton-Voak, I. S., Jacobson, A. & Trivers, R. (2004). Populational differences in
attractiveness judgments ofmale and female faces: comparing British and
Jamaican samples. Evolution andHuman Behavior, 25, 355-70.

Penton-Voak, I. S., Jones, B. C., Little, A. C., Baker, S. E., Tiddeman, B. P., Burt, D.
M. & Perrett, D. I. (2001). Symmetry, sexual dimorphism in facial
proportions, and male sexual attractiveness. Proceedings ofthe Royal Society
London B, 268, 1617-1623.

Penton-Voak, I. S., Little, A. C., Jones, B. C., Burt, D. M., Tiddeman, B. P. & Perrett,
D. I. (2003). Female condition influences preferences for sexual dimorphism
in faces ofmale humans (Homo sapiens). Journal ofComparative Psychology,
117,264-71.

Penton-Voak, I. S. & Perrett, D. I. (2000). Female preference for male faces changes
cyclically—further evidence. Evolution and Human Behavior, 21, 39^18.

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, 741-742.

217



Perrett, D. I., Burt, D. M., Penton-Voak, I. S., Lee, K. J., Rowland, D. A. & Edwards,
R. (1999). Symmetry and human facial attractiveness. Evolution andHitman
Behavior, 20(5), 295-307.

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(6696), 884-887.

Perrett, D. I., May, K. A. & Yoshikawa, S. (1994). Facial shape and judgements of
female attractiveness. Nature, 368, 239-242.

Peters, A. (2000). Testosterone treatment is immunosuppressant in superb fairy wrens,
yet free-living males with high testosterone are more immunocompetent.
Proceedings ofthe Royal Society London B, 267, 883-89.

Posener, J. A., DeBattista, C., Williams, G. H., Chmura Kraemer, H., Kalehzan, B. M.
& Schatzberg, A. F. (2000). 24-FIour monitoring of Cortisol and corticotrophin
secretion in psychotic and nonpsychotic major depression. Archives of
General Psychiatry, 57 (8), 755-760.

Post, P. W., Daniels, F. J. & Binford, R. T. (1975). Cold injury and the evolution of
"white" skin. Human Biology, 47, 65-80.

Prince, M. R. & Frisoli, J. K. (1993). Beta-Carotene Accumulation in Serum and
Skin. American Journal ofClinical Nutrition, 57(2), 175-181.

Pruessner, J. C., Wolf, O. T., Hellhammer, D. H., Buske-Kirschbaum, A., von-Auer,
K., Jobst, S., Kaspers, F. & Kirschbaum, C. (1997). Free Cortisol levels after
awakening: a reliable biological marker for the assessment of adrenocortical
activity. Life Sciences, 61, 2539-2549.

Puts, D. A. (2005). Mating context and menstrual phase affect women's preferences
for male voice pitch. Evolution and Human Behavior, 26, 388-397.

Radakovic-Fijan, S., Furnsinn-Friedl, A. M., Honigsmann, H. & Tanew, A. (2001).
Oral dexamethasone pulse treatment for vitiligo. Journal ofthe American
Academy ofDermatology, 44(5), 814-817.

Raff, H., Raff, J. L., Duthie, E. H., Wilson, C. R., Sasse, E. A., Rudman, I. &
Mattson, D. (1999). Elevated salivary Cortisol in the evening in healthy elderly
men and women: correlation with bone mineral density. Journal of
Gerontology Series A: Biological Sciences andMedical Sciences, 54, M479-
M483.

Reid, M. L. & Roitberg, B. D. (1995). Effects of body size on investment in
individual broods by male pine engravers (Coleoptera: Scolytidae). Canadian
Journal ofZoology, 73, 1396-1401.

Relethford, J. H., Lees, F. C. & Byard, P. J. (1985). Sex and age variation in the skin
color of Irish children. Current Anthropology, 26, 396-397.

Reusch, T. B. H., Haberli, M. A., Aeschlimann, P. B. & Milinski, M. (2001). Female
sticklebacks count alleles in a strategy of sexual selection explaining MHC
polymorphism. Nature, 414, 300-302.

Rhodes, G. (2006). The evolutionary psychology of facial beauty. Annual Review of
Psychology, 57, 7.1-7.28.

Rhodes, G., Chan, J., Zebrowitz, L. A. & Simmons, L. W. (2003). Does sexual
dimorphism in human faces signal health? Proceedings ofthe Royal Society
London B (Suppl), 270, S93-S95.

Rhodes, G., Hickford, C. & Jeffrey, L. (2000). Sex-typicality and attractiveness: Are
supermale and superfemale faces super-attractive? British Journal of
Psychology, 91, 125-140.

218



Rhodes, G., Proffitt, F., Grady, J. M. & Sumich, A. (1998). Facial symmetry and the
perception of beauty. Psychonomic Bulletin and Review, 5, 659-669.

Rhodes, G., Sumich, A. & Byatt, G. (1999). Are average facial configurations
attractive only because of their symmetry? Psychological Science, 10, 52-58.

Rhodes, G. & Tremewan, T. (1996). Averageness, exaggeration, and facial
attractiveness. Psychological Science, 7, 105-10.

Rhodes, G., Yoshikawa, S., Clark, A., Lee, K., McKay, R. & Akamatsu, S. (2001).
Attractiveness of facial averageness and symmetry in non-western cultures: in
search ofbiologically based standards of beauty. Perception, 30, 611-625.

Rhodes, G., Zebrowitz, L. A., Clark, A., Kalick, S. M., Hightower, A. & McKay, R.
(2001). Do facial averageness and symmetry signal health? Evolution and
Human Behavior, 22, 31-46.

Rhodes, L., Argersinger, M. E., Gantert, L. T., Friscino, B. FL, Horn, G., Pikounis, B.,
et al. (1997). Effects of administration of testosterone, dihydrotestosterone,
oestrogen and fadrozole, an aromatase inhibitor, on sex skin colour in intact
male rhesus macaques. Journal ofReproduction and Fertility, 111(1), 51-57.

Rigters-Aris, C. A. E. (1973). A reflectance study of the skin in Dutch families.
Journal ofHuman Evolution, 2, 123-136.

Roberts, D. F. & Kahlon, D. P. S. (1976). Environmental correlations of skin colour.
Annals ofHuman Biology, 3, 11-22.

Roberts, S. C., Havlicek, J., Flegr, J., Hruskova, M., Little, A. C., Jones, B. C.,
Perrett, D. I. & Petri, M. (2004). Female facial attractiveness increases during
the fertile phase of the menstrual cycle. Proceedings ofthe Royal Society
London B (Suppl.), 271,S270-S272.

Roberts, S. C., Little, A. C., Morris Gosling, L., Perrett, D. I., Carter, V., Jones, B. C.,
Penton-Voak, I. & Petri, M. (2005). MHC-heterozygosity and human facial
attractiveness. Evolution and Human Behavior, 26, 213-299.

Robertson, I. C. (1998). Paternal care enhances male reproductive success in pine
engraver beetles. Animal Behaviour, 56, 595-602.

Robins, A. H. (1991). Biological perspectives on human pigmentation. Cambridge:
Cambridge University Press.

Roldan, E. R. S., Cassinello, J., Abaigar, T. & Gomendio, M. (1998). Inbreeding,
fluctuating asymmetry, and ejaculate quality in an endangered ungulate.
Proceedings of the Royal Society London B, 265, 243-248.

Roney, J. R., Hanson, K. N., Durante, K. M. & Maestripieri, D. (2006). Reading
men's faces: women's mate attractiveness judgements track men's
testosterone and interest in infants. Proceedings of the Royal Society London
B, 273 (1598), 2169-2175.

Rosmond, R. & Bjorntorp, P. (2000). The hypothalamic-pituitary-adrenal axis activity
as a predictor of cardiovascular disease, type 2 diabetes and stroke. Journal of
Internal Medicine, 246 (2), 188-197.

Roumen, F. J. M. E., Doesburg, W.H. & Rolland, R. (1982). Hormonal patterns in
infertile women with a deficient postcoital test. Fertility and Sterility, 38, 24-
47.

Roy, M. P., Kirschbaum, C. & Steptoe, A. (2001). Psychological cardiovascular and
metabolic correlates of individual differences in Cortisol stress recovery in
young men. Psychoneuroendocrinology, 26, 375-391.

Russell, R. (2003). Sex, beauty, and the relative luminance of facial features.
Perception, 32, 1093-1107.

219



Sadr, J., Fatke, B., Massay, C. & Sinha, P. (2002). Aesthetic judgments of faces in
degraded images. Journal ofVision, 2, 743.

Santoro, N., Goldsmith, L. T., Heller, D., Illsley, N., McGovern, P., Molina, C.,
Peters, S., Skurnick, J. H., Forst, C. & Weiss, G. (2000). Luteal progesterone
relates to histological endometrial maturation in fertile women. Journal of
Clinical Endocrinology and Metabolism, 85, 4207-4211.

Sauermann, U., Nqrnberg, P., Bercovitch, F. B., Berard, J. D., Trefdov, A., Widdig,
A., Kessler, M., Schmidtke, J. & Krawczak, M. (2001). Increased reproductive
success ofMHC class II heterozygous males among freeranging rhesus
macaques. Human Genetics, 108, 249-254.

Scheib, J. E., Gangestad, S. W. & Thornhill, R. (1999). Facial attractiveness,
symmetry, and cues to good genes. Proceedings ofthe Royal Society London
B. 266, 1913-1917.

Seitz, J. C. & Whitmore, C. G. (1988). Measurement of erythema and tanning
responses in human skin using a tri-stimulus colorimeter. Dermatologica,
177(2), 70-75.

Serres, M., Viae, J. & Schmidt, D. (1996). Glucocorticoid receptor localization in
human epidermal cells. Archives ofDermatological Research, 288, 140-146.

Shackelford, T. K. & Larsen, R. J. (1997). Facial asymmetry as an indicator of
psychological, emotional, and physiological distress. Journal ofPersonality
and Social Psychology, 72, 456-466.

Shackelford, T. K. & Larsen, R. J. (1999). Facial attractiveness and physical health.
Evolution and Human Behavior, 20, 71-76.

Singh, D. (1993). Body shape and women's attractiveness: the critical role of waist-
to-hip ratio. Human Nature, 4, 297-321.

Smyth, J. M., Ockenfels, M. C., Gorin, A. A., Catley, D., Porter, L. S., Kirschbaum,
C., Hellhammer, D. H. & Stone, A. A. (1997). Individual differences in the
diurnal cycle of Cortisol. Psychoneuroendocrinology, 22, 89-105.

Soler, C., Nunez, M., Gutierrez, R., Nunez, J., Medina, P., Sancho, M., Alvarez, J. &
Nunez, A. (2003). Facial attractiveness in men provides clues to semen
quality. Evolution and Human Behavior, 24, 199-207.

Steckler, T., Holsboer, F. & Reul, J. (1999). Glucocorticoids and depression. Best
Practice & Research Clinical Endocrinology & Metabolism, 13, 597-614.

Steinberger, E., Rodriguez-Rigau, L. J., Smith, K. D. & Held, B. (1981). The
menstrual cycle and plasma testosterone level in women with acne. Journal of
the American Academy ofDermatology, 4, 54-58.

Stewart, D. R., Overstreet, J. W., Nakajima, S. T. & Lasley, B. L. (1993). Enhanced
ovarian steroid secretion before implantation in early human pregnancy.
Journal ofClinical Endocrinology and Metabolism, 76, 1470-1476.

Sunderland, E. (1967). The skin colour of the people ofAzraq, eastern Jordan. Human
Biology, 39(1), 64-70.

Swaddle, J. P. & Reierson, G. W. (2002). Testosterone increases perceived dominance
but not attractiveness in human males. Proceedings ofthe Royal Society
London B, 269, 2285-2289.

Symons, D. (1979). The Evolution ofHuman Sexuality. London: Oxford University
Press.

Symons, D. (1995). Beauty is in the adaptations of the beholder: The evolutionary
psychology of human female sexual attractiveness. In P. R. Abramson & S. D.
Pinkerton (Eds.), Sexual nature, sexual culture. Chicago: University of
Chicago Press.

220



Takiwaki, H., Overgaard, L. & Serup, J. (1994). Comparison of narrow-band
reflectance spectrophotometric and tristimulus colorimetric measurements of
skin color. Twenty-three anatomical sites evaluated by the Dermaspectrometer
and the Chroma Meter CR-200. Skin Pharmacology, 7(4), 217-225.

Talayesva, D. C. (1942). Sun Chief. New Haven, CT: Yale University Press.
Tanriverdi, F., Silveira, L. F., MacColl, G. S. & Bouloux, P. M. (2003). The

hypothalamic-pituitary-gonadal axis: immune function and autoimmunity.
Journal ofEndocrinology, 176, 293-304.

Tarr, M. J., Kersten, D., Cheng, Y. & Rossion, B. (2001). It's Pat! Sexing faces using
only red and green. Journal ofVision, 1, 337.

Thalbitzer, W. (1914). The Ammassalik Eskimo. Copenhagen: Blanco Luno.
Thiboutot, D. M. (1995). Dermatological manifestations of endocrine disorders.

Journal ofClinical Endocrinology and Metabolism, 80, 3082-3087.
Thomas, F., Oget, E., Gente, P., Desmots, D. & Renaud, F. (1999). Assortative

pairing with respect to parasite load in the beetle Timarcha maritima
(Chrysomelidae). Journal ofEvolutionary Biology, 12, 385-390.

Thomas, F., Renaud, F. & Cezilly, F. (1996). Assortative pairing by parasitic
prevalence in Gammarus insensibilis (Amphipoda): patterns and processes.
Animal Behavior, 52, 683-690.

Thornhill, R. (1976). Sexual selection and nuptial feeding behaviour in Bittacus
apicalis. American Naturalist, 110, 529-548.

Thornhill, R. & Gangestad, S.W. (1993). Human facial beauty: averageness,
symmetry and parasite resistance Human Nature, 4, 237-269.

Thornhill, R. & Gangestad, S.W. (1996). The evolution of human sexuality. Trends in
Ecology and Evolution, 11, 98-102.

Thornhill, R. & Gangestad, S. W. (1997). Human fluctuating asymmetry and sexual-
behavior. Psychological Science, 5, 297-302.

Thornhill, R. & Gangestad, S. W. (1999a). Facial attractiveness. Trends in Cognitive
Sciences, 3(12), 452-460.

Thornhill, R. & Gangestad, S. W. (1999b). The scent of symmetry: a human sex
pheromone that signals fitness? Evolution and Human Behavior, 20, 175-201.

Thornhill, R., Gangestad, S. W., Miller, R., Scheyd, G., McCullough, J. K. &
Franklin, M. (2003). Major histocompatibility genes, symmetry and body
scent attractiveness in men and women. Behavioral Ecology, 462, 668-678.

Thornhill, R. & Grammer, K. (1999). The body and face ofwoman: One ornament
that signals quality? Evolution and Human Behavior, 20, 105-120.

Thornhill, R. & Moller, A. P. (1997). Developmental stability, disease and medicine.
Biological Reviews ofthe Cambridge Philosophical Society, 72, 497-548.

Thursz, M. R., Thomas, H. C., Greenwood, B. M. & Hill, A. V. (1997). Heterozygote
advantage for HLA class-II type in hepatitis B virus infection. Nature
Genetics, 17, 11-12.

Tiddeman, B. P., Burt, D. M. & Perrett, D. I. (2001). Prototyping and transforming
facial texture for perception research. IEEE Computer Graphics Applications,
21,42-50.

Thiessen, D. & Gregg, B. (1980). Human assortative mating and genetic equilibrium:
An evolutionary perspective. Ethology and Sociobiology, 1,111-140.

Trivers, R. (1972). Parental Investment and sexual selection. In B. Campbell (Ed.),
Sexual Selection and the Descent ofMan: 1971-1971. Chicago, IL: Aldine.

Trivers, R. L. (1985). Social Evolution. Menlo Park, CA: Benjamin/Cummings.

221



Tsumura, N., Haneishi, H. & Miyake, Y. (1999). Independent-component analysis of
skin color image. Journal of the Optical Society ofAmerica - Optics Image
Science and Vision, 16(9), 2169-2176.

Tsumura, N., Haneishi, H. & Miyake, Y. (2000). Independent component analysis of
spectral absorbance image in human skin. Optical Review, 7(6), 479-482.

Tsumura, N., Ojima, N., Sato, K., Shiraishi, M., Shimizu, H., Nabeshima, H., et al.
(2003). Image-based skin color and texture analysis/synthesis by extracting
hemoglobin and melanin information in the skin. Acm Transactions on

Graphics, 22(3), 770-779.
Van den Berghe, P. L. & Frost, P. (1986). Skin color preference, sexual dimorphism

and sexual selection: A case of gene culture co-evolution? Ethnic and Racial
Studies, 9(1), 87-113.

Van Valen, L. (1962). A study of fluctuating asymmetry. Evolution, 16, 125-142.
Vandenbergh, J. G. (1965). Hormonal basis of sex skin in male rhesus monkeys.

General and Comparative Endocrinology, 5, 31-34.
Vander Haeghen, Y., Naeyaert, J., Lemahieu, I. & Philips, W. (2000). An imaging

system with calibrated color image acquisition for use in dermatology. IEEE
Transactions on Medical Imaging, 19(7), 722-730.

Wagatsuma, H. (1967). The social perception of skin color in Japan. Daedalus, 96,
407-443.

Walker, B. R. (1996). Abnormal glucocorticoid activity in subjects with risk for
cardiovascular disease. Endocrine Research, 22, 701-708.

Walsh, R. J. (1964). Variation in the melanin content of the skin ofNew Guinea
natives at different ages. Journal ofInvestigative Dermatology, 42, 261-266.

Wedekind, C. (1992). Detailed information about parasites revealed by sexual
ornamentation. Proceedings of the Royal Society London B, 247, 169-74.

Wells, C. (1975). Prehistoric and historical changes in nutritional diseases and
associated conditions. Progress in Food andNutrition Science, 1, 729-779.

Welsh, T. H. (1982). Mechanism of glucocorticoid-induced suppression of testicular
androgen biosynthesis invitro. Biology ofReproduction, 27, 1138.

Wheeler, P. E. (1996). The environmental context of functional body hair loss in
hominids (a reply to Amaral, 1996). Journal ofHuman Evolution, 30(4), 367-
371.

Whitehead, M., Lane, G., Young, O., Campbell, S., Abeyasekera, G., Hillyard, C. J.,
et al. (1981). Interrelations of calcium-regulating hormones during normal
pregnancy. British Medical Journal, 283, 10-12.

Wilson, E. O. (1975). Sociobiology: the New Synthesis. Harvard: Harvard University
Press.

Wippermann, C. F., Redel, D. A. & Bremer, D. (1987). Noninvasive estimation of the
right ventricular pressure in patients with VSD by Color-Doppler directed
continous wave Doppler and the blood pressure. European Journal of
Pediatrics, 146(1), 100-100.

Wong, R. C. & Ellis, C. N. (1984). Physiologic skin changes in pregnancy. Journal of
the American Academy ofDermatology, 10, 929-943.

Young, E. A., Aggen, S. H., Prescott, C. A. & Kendler, K. S. (2000). Similarity in
saliva Cortisol measures in monozygotic twins and the influence of past major
depression. Biological Psychiatry, 48, 70-74.

Zahavi, A. (1975). Mate selection: a selection for a handicap. Journal ofTheoretical
Biology, 53, 205-214.

222



Zahavi, A. & Zahavi, A. (1997). The handicap principle: A missingpiece ofDarwin's
puzzle. Oxford, UK: Oxford University Press.

223




