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Resolving the Prob lem 

of Sexual Beauty
Michael J. Ryan

The sight of a feather in a peacock’s tail, whenever I gaze at it, makes 
me sick!

ch a r les da rw in, letter to a sa gr ay, 18601

char les darwin penned this complaint, in a letter to the 
famed North American botanist Asa Gray, in 1860. Darwin was physi-
cally sick much of his adult life, but this ailment was psychological, most 
likely a result of cognitive dissonance.2 The resolution of this revulsion 
 toward the peacock’s tail serves as a compelling meta phor for Darwin’s 
theory of sexual se lection.

The peacock’s tail is a stunning ornament and somewhat of an icon 
for the sexual beauty that surrounds us in nature (Figure 8.1). Melodious 
songs of birds, sparkling colors of fishes and butterflies, overpowering 
choruses of frogs and crickets, the musky odor of deer, and all the cul-
tural accouterments of courtship in our own species are only some ex-
amples. Darwin had a profound understanding and appreciation of the 
natu ral world, including its ubiquitous sexual beauty. So why did this 
par tic u lar form of beauty bother him so much?
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This work is celebrating the 150th anniversary of The Descent of Man, 
but that is not the full title of the work, which reads: The Descent of Man, 
and Se lection in Relation to Sex. Part 2 of the book lays out the theory of 
sexual se lection and then surveys several animal groups, to which Dar-
win applies this theory to explain the evolution of traits akin to the pea-
cock’s tail. In the final chapters of the book, he applies sexual se lection 
to  humans, especially asking how sexual se lection might be impor tant 
in generating population variation in morphology and be hav ior within 
our own species. The purpose of this chapter is to give an overview of 
sexual se lection, Darwin’s second  great theory.

Natu ral Se lection Is Not Sexual Se lection,  
or at Least It  Wasn’t to Darwin

In order to understand sexual se lection and all the fuss that surrounded 
it, we first need to have a clear understanding of natu ral se lection, the 
main topic of Darwin’s 1859 book, On the Origin of Species.

figure 8.1. A male peacock displaying his tail to a female peahen. (iStock by Getty)
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Darwin’s main premise of that book can be summed up in three 
words, “descent with modification.” He argued that all organisms at 
some point in their history share a common ancestor, and when they 
diverged from that ancestor, over time, many of their traits  were modi-
fied to enhance their survivorship. Take the finches Darwin discovered 
on the Galápagos Islands as an example.3 They all shared a common 
ancestor, a finch species of the mainland of Central or South Amer i ca 
that first arrived on the Galápagos Islands about 2.3 million years ago. 
The descendants of  these mi grant finches subsequently invaded the dif-
fer ent islands of the archipelago, where they diverged from one another 
in a number of characteristics. Most notably, beaks evolved in response 
to natu ral se lection to exploit diff er ent local food sources. Beaks can 
vary in size and shape, and  there are specific genes responsible for this 
variation.4 Se lection  will  favor  those variants that enhance foraging per-
for mance in the local environment. On some islands, se lection favored 
large beaks that  were good for cracking seeds and nuts; on other islands, 
se lection favored long, pointed beaks that allowed the birds to extract 
insects from their hiding places; and in still other cases, se lection fa-
vored the evolution of medium- size beaks that  were adapted for catch-
ing insects on the wing (Figure 8.2). As the birds diverged from one 
another in morphology, they also diverged in their be hav ior, their songs, 
and their genes.  These differences, in combination with the fact that the 
populations on diff er ent islands  were separated by ocean, inhibited mat-
ing between the populations and ultimately resulted in populations 
becoming diff er ent species.

Charles Darwin and Alfred Russel Wallace  were codiscoverers of the 
theory of evolution by natu ral se lection. Their joint paper was read at a 
meeting of the Linnean Society of London on July 1, 1858, and was pub-
lished in the society’s journal  later that year. A year  later Darwin pub-
lished a more detailed account of this theory in On the Origin of Species.5 
Despite the book’s title, his main emphasis was on the role of natu ral 
se lection in the evolution of adaptations.

 There are three  factors that need to conspire for an adaptation to 
evolve. The first is an insight that Darwin gleaned from his readings of 
Thomas Malthus’s An Essay on the Princi ple of Population: the rate of 
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reproduction of the population  will often far exceed the resources in na-
ture that can support it.6 Thus, not all of the individuals that are born 
into a population survive to reproduce. The second part of this theory is 
that survival is not random. Certain individuals survive  because they have 
traits that enhance their survivorship.  These are the traits that are favored 
by natu ral se lection. But se lection does not lead to evolution  unless  those 
favored traits have a ge ne tic component. This is the third piece of this 
puzzle. When traits favored by natu ral se lection can be inherited, genes 
associated with  these traits increase in subsequent generations, in turn 
causing an increase in the frequency of  these traits that enhance survi-
vorship. Of course, Darwin did not know about genes; Mendelian ge ne-
tics (the princi ples of inheritance Gregor Mendel formulated in 1865) 
was a few years off, but the notion of heredity was central to animal and 
plant breeding at the time and well known to Darwin and most other 
scientists. This third piece is how adaptations evolve; it is why Galápagos 
finches have  those exquisite beaks that are so good at what they do.

figure 8.2. Diversity of beaks in Galápagos finches. (© National Geographic)
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The power of the theory of natu ral se lection is in its brilliant simplic-
ity and the fact that it generates predictions that have been scientifically 
verified over the ages. Evolution by natu ral se lection is one of the most 
well- established facts in all of science.7

In 1860, Darwin was well recognized for explaining how organisms’ 
adaptations evolved for survival. But when he gazed at the peacock’s tail, 
it stared back at him as a stark challenge to this theory of natu ral se-
lection. It was obvious, at least to Darwin, if not to Wallace, that the 
peacock’s tail was not an adaptation for survival, more likely hindering 
survival than promoting it. As the male is signaling his presence to po-
tential mates, he is also being eyed as a potential meal by a variety of 
predators from tigers to mongooses. His tail makes him more attractive 
as a mate but more con spic u ous as a meal. If the peacock’s tail was a 
single aberrant glitch in the workings of natu ral se lection it might not 
have been such a focus of Darwin’s consternation. Darwin acknowl-
edged, however, that  these types of traits,  those that seem maladaptive 
for survival, are ubiquitous in the animal kingdom. Long tails, bright 
colors, elegant courtship dances, and elaborate vocalizations all seem to 
invite death, not to circumvent it. How could this be explained?

 There  were some immediate hints.  These types of traits  were usually 
more developed in males than in females; in fact, they  were often absent 
in females. Peahens (female peafowl) have tails, but they are dwarfed by 
the size of the males’ tails. Also, males usually employed  these traits in 
the breeding season, and many of  these traits  were part of the animal’s 
courtship display.

Darwin’s theory of sexual se lection was his explanation for the pea-
cock’s tail and other courtship traits that  were partners in the crime of 
seemingly reducing survivorship. This theory followed a three- step road 
map, similar to natu ral se lection. First,  unless  there is perfect monog-
amy,  there are often more males trying to mate than  there are females 
willing to mate. Second, mating success is not random; the successful 
males have traits that enhance their ability to gain direct access  either 
to females or to resources needed by females, or the males have traits 
that enhance their beauty, making them more attractive as mates. Third, 
 these traits have a ge ne tic component, resulting in traits that enhance 
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mating success being disproportionally promulgated in subsequent 
generations.

It was not difficult to resolve the conflict between natu ral se lection 
and sexual se lection. Traits evolve only if they are passed on to the next 
generation through mating, but animals can mate only if they survive. 
Thus, a male peacock with an abnormally short tail might survive quite 
well but never mate, while a male with an abnormally long tail might be 
quite attractive to females but likely would not live long enough to try 
out his tail. Thus, in many cases,  there is a conflict between natu ral se-
lection and sexual se lection, and the traits that evolve strike some bal-
ance between survivorship and mating success.

Sexual Se lection Is Borne out of Sexual Conflict

Why is  there a sex bias in sexually selected traits? Why is it typically the 
males that have to compete for females and not vice versa? Of course, 
 there is a lot of variation in mating systems; in sea horses and pipefish 
the sex roles are reversed, and females compete for males; and in a larger 
number of species, such as sticklebacks and  humans,  there is mutual 
mate choice. But why are  these mating systems the exception rather 
than the rule?

The answer is as fundamental as can be  imagined. Many of the differ-
ences between males and females, in almost all the species known to 
reproduce sexually, result from differences in gamete size. In  humans 
and in most other animals, a female’s eggs are the largest cells in her 
body, while a male’s sperm are the smallest cells in his body. Females 
invest much more in their gametes than do males, even though males 
produce many more gametes. In  humans, females have a few hundred 
eggs, while a male  will produce a few billion sperm during his life.

Gamete size is the fundamental character that defines an animal’s sex. 
Many would think that an individual’s genitals might be diagnostic of 
its sex, but  those many would be wrong. As a case in point,  there is a 
species of lice that lives in caves in Brazil and feeds on bat guano. This 
is a typical sexually reproducing species, in that  there are males and 
 there are females. But atypically, the females have “penises” and the 
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males have “vaginas.” A female inserts her penis into the male’s vagina 
and sucks up the sperm from the inside of his body into her body, where 
his sperm fertilize her eggs.8 It is not a very typical mating strategy, but 
 these lice are quite typical in that the females have the large gametes and 
the males have the small gametes.

The difference in gamete size mirrors the difference in reproductive 
investment by the sexes. In a landmark paper, published in 1972, that 
revitalized interest in sexual se lection theory, Robert Trivers pointed 
out that this difference in reproductive investment results in diff er ent 
mating strategies between the sexes that, in turn, results in a conflict of 
interests when it comes to how males and females maximize their re-
productive success.9 In shorthand, we refer to this as sexual conflict.

One offspring arises out of one sperm fertilizing one egg. Thus, 
 there are many sperm competing for access to a few eggs, which trans-
lates to many males competing for fewer females. This  simple fact has 
caused many evolutionary biologists to question why males even exist, 
a conundrum referred to as the “cost of males.”10 If females reproduced 
clonally, with no ge ne tic input from males, all of their offspring, all of 
which would be  daughters, would bear offspring. If females in a similar 
population reproduced sexually, only half of their offspring would be 
female, only their  daughters but not their sons would bear offspring, 
and the sexual population would grow at a much slower rate than the 
asexual population. The short answer explaining the existence of 
males is that sexual reproduction provides a means for creating ge ne-
tic variation among offspring, even though it slows the rate of population 
growth.11

Se lection  favors both males and females to produce as many off-
spring as pos si ble, but the difference in the size of gametes can result in 
two diff er ent mating strategies for the sexes. Males are selected to mate 
often, while females are selected to mate carefully. A famous experiment 
with fruit flies produced in 1948 by Angus Bateman illustrates this di-
chotomy.12 Male and female flies  were allowed to mate between one and 
four times. The number of offspring for each fly was counted. The more 
often a male mated, the more offspring he produced, while mating with 
more males had  little effect on the female’s reproductive success.
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Bateman’s study has generated some controversy as well as some 
additional support. The controversy comes from the interpretation 
that we should always expect males to mate promiscuously and fe-
males to choose mates carefully. This controversy is especially heated 
when applied to our own species, sometimes being used to justify pro-
miscuity in men while enforcing monogamy in  women.13 Ge ne tic 
markers, however, have now revealed that in some species females can 
be promiscuous and that additional matings can influence her repro-
ductive success. On the other hand, it does seem that in many if not 
most animal mating systems, the number of matings has a greater ef-
fect on male reproductive success than it does on female reproductive 
success, and the exceptions to this pattern actually lend support to 
Bateman’s theory.14 Also, in many species almost all of the females  will 
reproduce about the same number of times, while many males  will go 
unmated and a smaller proportion of males  will garner a greater pro-
portion of matings. Thus  there is more variation in mating success 
among males than  there is among females. Since se lection acts on 
variation, sexual se lection  will be more intense on males than on 
females.15

Competition between males for females is also heightened by what 
is called the operational sex ratio.16 Even if the sex ratio of a population 
is balanced, the number of males and females ready to mate at any point 
in time is often biased  toward males. Again, this has to do, in part, with 
the differences in gamete size. Once a female’s eggs are fertilized, she 
must nurture them to gestation if  there is internal fertilization or begin 
to develop a new set of eggs if fertilization is external. Thus, once a fe-
male mates, she is out of the mating game for a while, but in most spe-
cies males do not have the same constraints and are able to continue 
mating. Consider our own species: once a  woman conceives, she cannot 
do so again for another nine months, while her mate could continue to 
fertilize other  women almost immediately. If a  woman had sexual inter-
course 100 times during gestation, she would still prob ably birth only 
one child. A man with similar sexual proclivities might have sired a small 
village in that time. Thus, the ratio of reproductively ready males to re-
productively ready females (i.e., the operational sex ratio) results in 
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many more males competing for many fewer females. How does this 
competition play out?

How to Get a Mate

In general,  there are two ways males can get mates. One is competition. 
Males might compete for direct access to females. For example, in a 
baboon troop, dominant males aggressively prevent copulations by 
lower- ranked males when females are ovulating. Males might also com-
pete by defending resources critical to females. For example, male red 
deer defend areas where females congregate for grazing. The evolution 
of animal weapons is most often in response to sexual se lection for fight-
ing with other males to get mates.17

The peacock’s tail and other traits of sexual beauty can hardly be 
considered weapons.  These traits arose from another form of sexual 
se lection— female mate choice. In  these mating systems, females are 
in the driver’s seat when it comes to deciding who gets to mate. Males 
evolve traits that make them more sexually attractive to females.  These 
are the traits that constitute much of the sexual beauty that we see in 
nature. Most of  these elaborate traits, such as the peacock’s tail, 
evolved in the ser vice of sex. Female mate choice based on elaborate 
male traits is especially impor tant in mating systems in which males 
do not offer resources to females or have the opportunity to gain ac-
cess to females directly.  These mating systems, often referred to as lek- 
like, are characterized by males gathering together to advertise for 
females and females surveying the males and then freely exercising 
their choice for a mate. In sage- grouse, for example, sometimes hun-
dreds of males congregate in a breeding ground, or lek, in the sage-
brush plains of North Amer i ca from March  until May. Females visit 
the leks, often congregating in the territories of just a few males, where 
they select mates. It is not uncommon for fewer than 10  percent of the 
males to be responsible for more than 75  percent of all the matings.18 
Although true lek systems are usually restricted to birds, this type of 
mating system, in which females reign supreme, can occur in almost 
any type of animal.
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Nature is diverse and especially so when it comes to the mating game. 
In some species females compete for males, and males choose their 
mates. This is often referred to as sex role reversal, and a classic example 
is that of sea horses and pipefish. In  these species, males become “preg-
nant” in that they carry around the developing embryo in their pouch, 
during which time they usually do not mate. Once a female deposits her 
eggs in a male’s pouch, however, she is then  free from the responsibility 
of maternal care and can seek out other males for mating.

Another exception to the strict male competition– female choice 
paradigm is that of mutual choice. Our own species might be one of the 
best examples. In some socie ties, men compete for the attention of 
 women during courtship, and  women are often able to choose the men 
with whom they pair, but men also  will choose among females as po-
tential partners. Sometimes men and  women base their choice on simi-
lar characteristics. Other times, however, they use quite diff er ent crite-
ria; for example, some studies have proposed that men tend to weight a 
partner’s age and physical beauty more heavi ly, while  women are more 
attendant to the resources of a potential mate.19

 There are also exceptions to the two tactics, direct competition and 
advertising, that males can employ to gain matings. Some mating sys-
tems are characterized by alternative mating tactics. Take freshwater 
sunfish as an example. Some large colorful males defend areas that are 
ideal for mating.20  These fish have external fertilization, and as females 
release their eggs into the  water column, males si mul ta neously release 
their sperm, and fertilization takes place when the gametes of the two 
sexes happen to make contact with one another. Some males, however, 
resemble females, and this allows them to loiter near  these territorial 
males. When the territorial male and his female start to shed their 
gametes, the male who is impersonating a female begins to broadcast 
his sperm. In addition, so- called sneaker males, who are small and 
inconspicuous,  will dart past a mating  couple while broadcasting his 
sperm, hoping to steal a fertilization. In some cases, alternative mat-
ing strategies have a strong ge ne tic component, such that courting 
males  father courting sons while sneaker males  father sneaker sons. 
In other cases, males are making the best of a bad situation, and genes 
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might have nothing to do with  these mating strategies, which instead 
arise from environmental influences. If a male has  limited access to re-
sources during development, for example, he might mature at a small 
size. A small courting male would prob ably be less attractive to a female 
than a large courting male, and consequently the small male adopts the 
alternative mating strategy of sneaking.

 There are many exceptions to the “typical” mating systems in which 
males compete for females and females choose their mates. But all the 
exceptions prove the rule of Darwinian sexual se lection theory rather 
than challenge it. Then why, we must ask, has sexual se lection by female 
choice always been shrouded in controversy?

Darwin versus Wallace and the Controversy  
of Female Mate Choice

 There  were two main criticisms of Darwin’s theory of sexual se lection 
by female choice. The first cited the lack of compelling evidence that 
females choose mates. The second criticism was that even if it  were to 
occur, Darwin could not explain why females have  these preferences.

Darwin and Wallace did not part ways  after their codiscovery of natu-
ral se lection theory. They became lifelong friends and scientific confi-
dants and mostly agreed in their interpretation of how natu ral se lection 
shapes the world around us. But the same cannot be said when it came 
to Darwin’s second  great theory, sexual se lection. As Wallace noted:

Two or three considerations appear fatal to the theory [of sexual se-
lection]. . . .  In the first place, it seems quite incredible, without direct 
evidence on the point, that a large majority of the females of any 
species, over the  whole area of its range and for many successive gen-
erations, should agree in being pleased by the same par tic u lar kind 
of variation.21

Wallace was not the only one of Darwin’s contemporaries to reject 
his theory of sexual se lection. For many, the idea of males competing 
“red in tooth and claw”22 for access to females seemed a proper exten-
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sion of the theory of natu ral se lection. The notion, however, that fe-
males had strong preferences for males based on the details of their 
courtship be hav ior and morphology, details that seem only to hasten 
the male’s demise, was a real stretch. The Victorian notion that male 
mate choice reigned supreme in our own species made it seem improb-
able that in other species it was the females who wielded similar powers. 
It is notable that, contrary to  these Victorian biases, Darwin implicitly, 
and sometimes even explic itly, endowed female animals of many species 
with superior power in the mating game. But at the same time it is con-
founding that, like a typical Victorian, he viewed  women as inferior and 
devoid of such power, as is clearly documented in the next chapter by 
Holly Dunsworth.

Wallace too was a Victorian, so how did he explain  these traits of 
sexual beauty, such as the sexual dimorphism in plumage coloration in 
birds? Rejecting Darwin’s idea that sexual se lection favored males with 
bright colors, Wallace suggested that natu ral se lection favored females 
with dull colors  because of the advantage being camouflaged afforded 
them.

The second criticism of sexual se lection by female choice was that 
Darwin did not offer a cogent explanation for why females would have 
such preferences for males. His suggestion that females had an aesthetic 
sense much like our own seemed to be kicking the can down the road. 
It led only to the question of why the females would have a taste for the 
beautiful. When Wallace did give female choice some credence, he sug-
gested that females  were assessing traits that indicated a male was vigor-
ous not beautiful. This difference of opinion between Darwin and Wal-
lace, which they never resolved, is wonderfully documented in a recent 
book by Evelleen Richards.23 This disagreement that started between 
the two Victorians continues  until this day.

The Evolution of Female Mate Choice

 There is now no controversy about the existence of female mate 
choice.24 Hundreds of studies have shown, through natu ral observation 
and experimental manipulation, that females of many taxa, including 
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crickets, fish, frogs, and birds, show preferences for the traits that are 
more elaborately developed in males and play some obvious role in 
courtship be hav ior. Numerous studies show that females prefer brighter 
colors, faster dances, longer tails, louder calls, more complex songs, and 
stronger odors.

The Darwin- Wallace controversy as to why females have such prefer-
ences is sometimes so heated it is forgotten that in many cases  there is 
no controversy. To explore some of  these arguments, I  will borrow from 
an example in my recent book A Taste for the Beautiful: The Evolution of 
Attraction.25

Now that it is well documented that females exhibit preferences for 
sexually selected traits, the next challenge is understanding why females 
show  these preferences.  There are three main pro cesses that can bring 
about the evolution of mate choice. One, females can evolve preferences 
for traits of males who  will deliver immediate benefits to the female, 
such as mating with the male who  will fertilize more eggs. Two, traits 
and preferences can become genet ically linked, such that male court-
ship traits evolve  because they are favored by females, and the female 
preference evolves only  because it is genet ically linked to the traits 
 under se lection. Three, traits can evolve if they exploit hidden prefer-
ences;  these are preferences harbored by the female but not expressed, 
as the traits that elicit them have yet to evolve. I  will review  these diff er-
ent pro cesses in turn.

For the sake of argument, we  will assume that  there are genes influ-
encing both female preferences and male traits, and that males and fe-
males contain both preference and trait genes but only females exhibit 
preferences and only males exhibit the sexually selected traits.

To explore  these diff er ent scenarios for the evolution of female pref-
erences we  will consider the red- winged blackbird. Males perch on top 
of vegetation, quite often cattails, in early spring, singing as they flash 
bright red epaulets, or patches on their wings, in an exhaustive effort to 
advertise themselves to females. Why do males have  these flashy colors, 
and why are females attracted to them?

Imagine that a closely related species, the yellow- headed blackbird, 
begins to nest in the same marsh as the red- winged blackbird, some-
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thing that can happen in nature. As with most matings that take place 
between diff er ent species (i.e., heterospecifics), if a female red- winged 
mates with a male yellow- headed blackbird, her eggs  will not be fertil-
ized. Thus,  there is a premium on females being able to recognize their 
own species and discriminate against other species. The easiest way for 
a female red- winged to identify a male of her species is through the red 
epaulets. Imagine  there are two types of females,  those that are more 
attracted to males with the red epaulets and  those who do not discrimi-
nate and instead mate randomly with red- winged and yellow- headed 
males. Females with the preference for red wing patches  will sire off-
spring, and if  there is a ge ne tic basis to their preference for red, this 
preference  will be passed on to the next generation. Females that mate 
with yellow- headed blackbirds  will not produce offspring, as her eggs 
 will not develop, and her genes  will never swim in the next generation’s 
gene pool. Eventually, through time, all the female red- winged black-
birds preferentially mate with their own species over the yellow- headed 
blackbirds. Female preference for males of their own species is the most 
common form of mate choice and the best example of its utilitarian 
benefits.26

Imagine another visitor now invades the marsh, but it is not another 
species of bird—it is feather lice.  These lice have a variety of ill effects 
on the birds’ health, and they also influence the brightness of the birds’ 
plumage. Females already prefer males with red epaulets,  because this 
preference delivers mates of the same species, but now se lection  will 
also  favor females that prefer brighter red epaulets,  because  these fe-
males  will avoid contracting sexually transmitted parasites. Females 
who  don’t discriminate based on the intensity of the red coloration are 
more likely to become infected with lice themselves and  will suffer a 
decrement in their reproductive success— sick females do not lay as 
many eggs as healthy ones.  Those females who prefer both the red- 
winged males and the brighter red- winged males garner two types of 
direct benefits from their mate choice: they mate with the correct spe-
cies and the healthier males of their own species.  These are called direct 
benefits  because they directly influence the number of offspring a fe-
male produces.
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Females can also garner indirect benefits through mate choice. Indirect 
benefits influence not the number of a female’s offspring but instead the 
quality of her offspring. We know from many studies that some animals 
can be more parasite- resistant than other animals, and  there can be a ge-
ne tic component to this parasite re sis tance. Females who prefer more 
brightly colored males  will produce offspring, both sons and  daughters, 
who  will be more resistant to parasites. Se lection  favors the evolution of 
 these parasite- resistance genes in birds  because individuals with  these 
genes survive longer. The female preference genes,  those genes under-
lying the preference for redder males, now end up in offspring that also 
have the parasite- resistance genes. The female preference genes, in this 
case, increase in frequency not  because they are directly favored by se-
lection but  because they are in the bodies of individuals with parasite- 
resistance genes that are  under direct se lection. This is how a female pref-
erence for a male’s “good genes”— genes that enhance survivorship— can 
evolve. The female preference genes hitchhike a  ride into the next genera-
tion along with the good genes for survivorship. Studies of peacocks and 
frogs document how good genes preferences operate in nature.27

Another case in which female preferences can evolve through ge ne tic 
hitchhiking is called runaway sexual se lection or the “sexy son” hypoth-
esis. In this scenario, the males who are bright versus dull red do not 
differ in their survival abilities. Even though most females are mating at 
random relative to plumage brightness, some of the females mate only 
with the redder males; therefore,  these males  will increase in subse-
quent generations. Offspring of  these matings  will have genes for redder 
coloration and the preference for redder coloration. As noted above, the 
sons express only the trait, while the females express only the prefer-
ence. The genes for brighter wings  will evolve  because they are favored 
by female choice, and the genes for this female preference  will evolve 
through ge ne tic hitchhiking  because they are pre sent in  these more at-
tractive males, the sexy sons. This has been a difficult hypothesis to test 
empirically, but studies of stalk- eyed flies bear out the major predictions 
of runaway sexual se lection.28 Thus, both good- genes preferences and 
runway sexual se lection can result in the evolution of female preferences 
through ge ne tic hitchhiking.
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We  will consider one final scenario that can bring about the evolution 
of elaborate courtship traits and preferences for  those traits. In this case, 
males evolve traits to tap into hidden preferences in the female;  these 
are “preferences” that might have evolved for other tasks, such as forag-
ing, but then become co- opted by mate choice. Again, we  will consider 
the blackbird example but further back in time, before males evolved 
the red epaulets. In this scenario  there is no benefit to a mutation that 
 causes red epaulets, but  there is a cost, as predators are more likely to 
spot  these birds. If  there is all cost and no benefit,  these mutations 
quickly go extinct, as the  bearers of this mutation quickly become meals 
for predators instead of mates for females. Now, let’s imagine that a new 
food source appears, brightly colored red worms that are much more 
nutritious than the brown ones common in this environment. Se lection 
 will now  favor both males and females who are preferentially attracted 
to the red worms. Now that females have the sensory/cognitive bias for 
red, when males evolve red epaulets, the females are already tuned in to 
seeing this color. Thus, while the females are searching for a mate, they 
spot  these more con spic u ous males with this mutation more quickly 
than the less con spic u ous males, and even though this mutation might 
still exact a cost from predation, it is also generating benefits to the male 
 because of increased matings. This is sensory exploitation,  because 
when the males evolve the trait,  there is already a hidden bias for that 
trait, in this case for the color red. This scenario has played out in the 
evolution of courtship displays in guppies.29

We have reviewed a handful of scenarios that can explain the evolu-
tion of female preferences: females get direct benefits from their mates 
that increase their number of offspring; females get indirect benefits 
from their mates by passing on “good” survivorship genes to their off-
spring; females get indirect benefits from their mates by producing sexy 
sons; and perceptual biases harbored by females are recruited into mate 
preferences when they are exploited by male traits. To make  matters 
more complicated,  these are not mutually exclusive scenarios, and they 
can all interact with one another.30 Whereas Wallace and other critics 
of Darwin thought  there  were not plausible explanations for why fe-
males should show preferences for elaborate male traits,  today  there are 
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a plethora of plausible explanations. The current controversy is over 
which of  these hypotheses are more impor tant in which species.

The Neural and Cognitive Bases of Mate Choice

 Today, 150 years  after Darwin’s pre sen ta tion of sexual se lection theory 
and 50 years  after Trivers’s seminal paper that resurrected this theory, 
 there is no question about the ubiquity of female mate choice in nature. 
In addition, the emphasis of much of the work in animal sexual se lection 
has shifted from an understanding of the forces that can lead to the 
evolution of female mate choice to an understanding of the neural and 
cognitive bases of this be hav ior. Many of  these studies have been quite 
successful in documenting the biological bases of aesthetic sexual pref-
erences in animals.

Jacob von Uexküll introduced the concept of the Umwelt,31 the main 
idea of which is that diff er ent types of animals reside in diff er ent sensory 
worlds. For example, unlike many birds, we cannot see in the ultravio-
let; unlike bats, we cannot hear their ultrasonic echolocation calls; and 
unlike dogs, we have only very restrictive access to most of the odors 
around us.  These sensory biases play an impor tant role in the details of 
male sexual traits that females find attractive.32 For example, the colors 
to which the eyes of surfperch are most sensitive have evolved to en-
hance prey detection in the kelp forests where  these fish reside.  These 
sensory biases  were then targeted by the details of the courtship dis-
plays that males evolved to attract females.33 Similarly, the túngara frog 
has evolved additional syllables, called chucks, to adorn its basic mating 
call, a whine, which stimulate an inner ear organ that had yet to be re-
cruited for use, in communication among close relatives.34 This added 
stimulation of the ear has two results: it leads to enhanced stimulation 
of the auditory centers in the brain, and female túngara frogs find whines 
with chucks more attractive than a  simple whine.35 Sensory biases are 
key components of the aesthetic preferences of females.

Biases in how we perceive the world are not restricted to sensory end 
organs— eyes, ears, and noses.  There are also a number of cognitive 
biases that can influence an animal’s taste for the beautiful. Many  human 
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psychophysical perceptions follow a power function known as Weber’s 
law.36 Our perception of the difference in the magnitude of two stimuli, 
for example, decreases as the absolute magnitude of the stimuli in-
creases. We can more readily detect the small difference between a one- 
kilogram and a two- kilogram weight than we can detect that same dif-
ference between a twenty- five- kilogram and a twenty- six- kilogram 
weight. Weber’s law also influences how animals weight the attractive-
ness between diff er ent stimuli. The túngara frogs mentioned above can 
add from one to seven chucks to their mating call. Females prefer 
whines followed by more chucks over whines followed by fewer chucks, 
but the strength of preference depends on the total number of chucks 
added to the call. The strength of preference between whines followed 
by two verses one chucks is much stronger than the preference between 
five versus four chucks.37

Weber’s law also influences our perception of the attractiveness of 
 human  faces in at least a  couple of populations of undergraduates in the 
United States. Gassen et al. morphed a series of  faces from pairs of what 
 were previously judged as an unattractive face and an attractive face.38 
The difference in perceived attraction between pairs of  faces that dif-
fered morphometrically by 10  percent was much greater for two unat-
tractive  faces than it was for two attractive  faces.  These studies of frogs 
and  humans indicate that the aesthetics of  these two species does not 
vary linearly with the traits they are judging.  These results have impor-
tant implications for the tempo and mode of the evolution of beauty.

In animal studies, we often think aesthetic preferences are fixed for 
an individual’s lifetime, while in  humans, on the other hand, percepts 
of attractiveness of both men and  women are often thought to be noto-
riously fickle. Pennebaker et al. showed that  human perceptions of the 
attractiveness of the opposite sex vary as a function of “closing time.”39 
Patrons at a bar  were asked to rate the attractiveness of same-  and 
opposite- sex patrons early in the eve ning and then again as closing time 
approached. Men and  women both perceived opposite- sex patrons as 
more attractive  later in the eve ning. When this study was repeated, and 
alcohol blood levels  were mea sured and statistically controlled for, the 
same closing time effects  were found.40 One interpretation of  these 
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results is that to avoid cognitive dissonance, individuals change their 
perception of the attractiveness of individuals they would like to meet 
as the time available for social interactions decreases.

Animals face their own closing times. Female túngara frogs visit a 
chorus of males only on the night they are  going to mate. If they do not 
choose a mate by the end of the night they still ovulate, expelling all of 
their eggs into the pond. It then takes the females another six weeks to 
develop a new set of eggs ready for fertilization. Lynch et al. tested fe-
males early in the eve ning with synthetic calls that had previously been 
shown to be unattractive to the females;  these calls rarely elicited a re-
sponse from the females— that is, movement to the speaker broadcast-
ing the call.41 The exact same calls, however,  were very attractive to the 
same frogs  later in the night, when the females  were becoming desperate 
to find a mate. Both  humans and female frogs are broadening their tastes 
for the beautiful as closing time approaches.

Peer pressure is another  factor that can lead to unstable percepts of 
attraction. A  simple experiment with a fish (a molly) showed that peer 
pressure is not restricted to  humans. A female fish was placed inside a 
test tank with one male on each side of the tank. The males  were sepa-
rated from the focal female by a pane of glass, but the female could ap-
proach the males and be courted by them. When females  were tested, 
they preferred courting with the larger of the two males. The female was 
then constrained to the  middle of the aquar ium in a glass cylinder, from 
which she observed the previously un- preferred male being courted by 
a female selected as the “model female.” The model female was then 
removed, and the female- choice test was repeated; now the female 
switched her preference to the previously un- preferred male. The inter-
pretation is that she was copying the mate choice of the model female.42 
Furthermore, the more attractive the model female, the greater her in-
fluence on mate- choice copying by the focal female.43

A number of studies have examined mate- choice copying or, more 
specifically, context- dependent attractiveness in  humans. Typically, in-
dividuals rate a photo graph of a person pictured with a member of the 
opposite sex as more attractive than a photo graph of the same person 
alone. Recently, Gouda- Vossos et al. conducted a meta- analysis and 

125-86542_DeSilva_Problem_1P.indd   180 6/24/20   9:19 PM



8 .  R e s o lv i n g  t h e  P r o b  l e m  o f   S e x u a l   B e a u t y  181

—-1
—0
—+1

showed  there was strong evidence for this phenomenon in  women but 
not in men.44 Street et al. also demonstrated female mate- choice copy-
ing based on facial attractiveness, but they showed that the degree of 
copying was no diff er ent when analogous experiments  were conducted 
in other domains, such as evaluation of art.45 Their interpretation is that, 
at least in this instance, mate- choice copying is one expression of social 
facilitation and is not necessarily a psychological adaptation for mate 
choice. This does not lessen the influence of mate- choice copying in the 
evaluation of facial attractiveness and is yet another example of how 
cognitive biases in an individual’s sexual aesthetics can have origins in 
domains outside of mate choice. Furthermore,  these studies illustrate 
one role of social context in evaluating sexual beauty and suggest the 
importance of evaluating such phenomena across the breadth of cul-
tural variation that is the hallmark of our species.

Summary

Darwin proposed his theory of sexual se lection to explain how elabo-
rate, sexually dimorphic traits used in courtship could evolve, despite 
being maladaptive for survival. Although sexual se lection by male- male 
competition was readily accepted, the same was not true for sexual se-
lection by female choice. The theory’s strongest critic was Alfred Russel 
Wallace, the codiscoverer of the theory of natu ral se lection. Initially, 
Wallace was skeptical of female choice in general, doubting that females 
would base consistent mate preferences on nuances of male courtship 
be hav ior and morphology. When he did grant some credence to female 
choice, he suggested choice was based on traits that indicated male 
vigor. Darwin, on the other hand, suggested that female animals have a 
“taste for the beautiful,”46 that they possess sexual aesthetics not all that 
diff er ent from ours. His theory lay dormant for 100 years and was resur-
rected in the 1970s, primarily by Trivers’s theory of parental investment. 
Since then,  there have been hundreds of studies to demonstrate clearly 
the efficacy of female mate choice, thus validating Darwin’s primary 
prediction about sexual se lection. Disagreements still exist as to what 
 causes the evolution of female mate choice, echoing the fundamental 
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disagreement between Darwin and Wallace.  There are now a number 
of studies supporting Wallace’s utilitarian view that females acquire di-
rect and indirect benefits from their mate choice. Other studies support 
Darwin’s notion of sexual aesthetics by documenting the sensory, neu-
ral, and cognitive biases that underlie female mate preferences. The re-
cent trend in the field has been to delve deeper into mechanisms of mate 
preference to further document the female’s taste for the beautiful.
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