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19. Wrap Up

Sexual Selection

Sex is a huge driver of 
evolution in its own right.

Features that seem to violate 
adaptation to survival can 
come about under sexual 
selection.

Next to Natural selection, Darwin also conceived of sexual selection: the force shaping 
organism exerted by the choice of mating partners. Darwin correctly speculated that 
sexual selection also shape our own descent. If peahens could mold male peacock 
feathers into having eye dots on them, think of what male and female minds can do to 
the bodies and minds of other humans…. 
In humans this choice is exerted by both partners and with the wide-spread 
formation of long-term pair bonds partner retention becomes a key 
requirement. 

Mechanisms of Evolution

Natural selection : “survival of the fittest” but no optimum as adaptive 
landscape are permanently shifting. 

Neutral evolution….drift :“survival and reproduction of the luckiest” 
		History and geography…islands, founder events all matter greatly. 

Sexual selection : “reproduction of the sexiest” 
Individuals who can more successfully pass on the genetic variants 

they carry con tribute disproportionately to future generation.

The cartoon version of the three mechanisms of evolution, they require 
inherited variation and mutation to generate novel variation.



Inheritance: genetics and culture! 
molecules and ideas and wealth.

How can inheritance across 4 generations be explained? Is it shared “blood”? Blood is a mixture 
of liquid and particles (cells) and secreted proteins, blood blends when mixed with other blood. 
BUT DNA is particulate and can only be shuffled. 
Genetic inheritance is powerful but many inherited traits are non-genetic: language, beliefs, 
wealth, status, poverty, education, infections, diet, lifestyle.  Human culture is a powerful 
inheritance system of its own! 

Weird Human stuff: often sexually selected. 
But mostly culturally inherited, no DNA needed for that, just crazy ideas and 
other cultural norms.

The genius of sex: shuffling the deck More slowly evolving, long-lived, multicellular hosts have evolved a key adaptation: sex 
It allows for G.O.D. (generation of diversity) without the cost of mutation. 
Shuffling chromosomes during the production of sperm and egg, followed by 
halving the number of chromosomes allows the novel combination of two 
shuffled haploid genomes into a novel diploid genome at generation.



Massive Increase in Diversity

Each generation, half of 
the reshuffled DNA from 
two parents forms a new 

individual

SEX : G.O.D. (Generation Of Diversity) Sexual recombination produces novel and unique combinations each generation and 
foreach individual. 
The great advantage comes from generating diversity through novel 
combinations and the great disadvantage includes never being able to keep the 
same combination for more than one generation! 

Phylogenetic trees of the three domains of cellular life

James Brown, Nature Reviews Genetics (2003)

Origins of Sex
4 billion years ago!

Sex is an ancient evolutionary invention! 

Sexes: mostly two but in many combinations 

females 
males 
hermaphrodites 
simultaneous 
sequential 
protogynous 
protandrous

snails 
giant clam 
born hermaphrodite

Ocellaris clownfish 
Amphiprion, born male

California sheephead 
born female

No genders here, just sexes, separate or in the same individuals, simultaneous or 
sequential 
In other species with little evidence for self-awareness and cultural norms, the 
term “gender” does not seem to make much sense. 



Amanita phalloides  
(death cap, a fungus)

somatogamy

isogamy anisogamy oogamy

Sexes: the very fantastic and non-binary fungi

Sex among others compared to fungi

Billiard, S. et al., Biol. Rev 2010

two gamete classes hundreds of gamete classes

Non-Binary 
No Words

Recent book 
In Search of Mycotopia argues that 

humans can work with fungi to better live 
with nature―and with one another.

Illustration of typical sexual reproduction, and its consequences on cytoplasmic inheritance and mate limitation, and of 
anisogamy and mating types.  ‘‘Anisogamy’’ is defined as a system regulating syngamy between different gamete classes that 
is dependent upon size, i.e. with small and large gametes. Gamete size can be determined by either the haploid genotype 
(e.g. in mosses) or the diploid genotype (e.g. in other plants and animals) that produces the gamete. The term ‘‘mating types’’ 
describes a molecular mechanism allowing discrimination for syngamy at the level of the gamete, independent of size 
dimorphism.‘‘Gamete classes’’: classes of gametes that are intercompatible but that cannot undergo syngamy within the same 
class, to include both anisogamy and mating types.

Wunsch Sexologies 2017

Dissociation of sexual activity from reproduction Expanding the time window for expression of sexual behavior:  rats, very 
narrow, chimps less narrow, bonobos even less narrow…



Wunsch Sexologies 2017

Evolution of sexuality across primates

SEX on the Brain

Across primates, there appears to be a trend for the dissociation of sexuality 
and reproduction. Sex can take on new functions including self-expression, 
play, commerce, dominance etc.

Sex on and in our minds

Sigmund Freud

Hugely influential thinker who articulated the 
central importance of sex and libido in human 

affairs. Often wrong, but great insights

In 1935, Freud wrote to a mother who had asked him to treat her son's homosexuality, a letter that would 
later become famous:

I gather from your letter that your son is a homosexual. I am most impressed by the fact that you do not 
mention this term yourself in your information about him. May I question you why you avoid it? 
Homosexuality is assuredly no advantage, but it is nothing to be ashamed of, no vice, no degradation; it 
cannot be classified as an illness; we consider it to be a variation of the sexual function, produced by a 
certain arrest of sexual development. Many highly respectable individuals of ancient and modern times 
have been homosexuals, several of the greatest men among them. (Plato, Michelangelo, Leonardo da 
Vinci, etc). It is a great injustice to persecute homosexuality as a crime –and a cruelty, too. If you do not 
believe me, read the books of Havelock Ellis.

By asking me if I can help [your son], you mean, I suppose, if I can abolish homosexuality and make 
normal heterosexuality take its place. The answer is, in a general way we cannot promise to achieve it. In 
a certain number of cases we succeed in developing the blighted germs of heterosexual tendencies, 
which are present in every homosexual; in the majority of cases it is no more possible. It is a question of 
the quality and the age of the individual. The result of treatment cannot be predicted.

What analysis can do for your son runs in a different line. If he is unhappy, neurotic, torn by conflicts, 
inhibited in his social life, analysis may bring him harmony, peace of mind, full efficiency, whether he 
remains homosexual or gets changed.

Freud got a very important fact widely known: sex is at the center of many 
human sentiments and motivations…and that it contributes to many conflicts 
within and between individuals. 
But he also got countless things wrong, and did not believe in testing theories 
experimentally.

Do I have a condition? Definitions of medical conditions are powerful cultural norms! 
Pathologizing behavior can come at a huge cost. Ironically, it also allows for 
health care coverage of expensive therapies….



Sex on and in our minds

Paraphilias: from shoe fetish to BDSM, to exhibitionisms, pedophilia and zoophilia.

From curious kinks to highly criminalized behavior.

Paraphilia include a full range of sexual inclinations ranging from kinks to 
behavior that is illegal due to the significant harm it can cause in others. 

Various “kinks” and paraphilia like BDSM importantly can include full adult 
consent and be practiced under strict norms of open communication, recurrent 
affirmation of consent and use of safe words to stop unwanted behavior. 

When practiced in the context of commercial sex work, the client-patron 
relationship and exchange of payment rapidly introduces an imbalance of 
power that can influence “consent”. 

Paraphilia: a pattern of recurring sexually arousing mental imagery or behavior 
that involves unusual and especially socially unacceptable sexual practices (such 
as sadism or pedophilia). 
Societies decide which paraphilia to tolerate and which to criminalize.  
Potential harm to others and absence clearly stated of mutual consent between 
adults must remain a big criterion in doing so.

Theodosius Dobzhansky quotes:

Evolution of Sex in Humans ?

“Human evolution cannot be understood as a purely biological 
process, nor can it be adequately described as a history of culture.  
It is the interaction of biology and culture. There exists a feedback 
between biological and cultural processes"  
(Mankind Evolving, p. 18. 1962)

"Nothing in Biology Makes Sense Except in the Light of Evolution"  
(The American Biology Teacher, Vol. 35,1973).

Two famous quotes from a famous evolutionary biologist (who was also a 
religious man). 
These two quotes are very relevant for understanding the evolution of sex in 
our species. 



Cultural Norms

Malcolm Evans, New Zealand

Contemporary clash of cultural norms while sharing male domination. 
Cultures critically rely on norms. Norms have advantages and disadvantages….. 
Societies across the world seem to have a bias towards norms that have more 
disadvantages for women, why?

Summary continued

19

Children only start blushing around age 3 (when they acquire 
theory of mind). 

Involuntary advertising of emotional state, much like crying, 
another uniquely human expression. 

Wächter & Seuntjens 2013, A. of Improb. Res

Blushing: our minds on our skins

Skin: our largest organ is a social organ affected by theory of mind.

“The most peculiar of all human emotions” Charles Darwin 
Some of us human have well-pigmented skin, does this mean that these 
persons do not blush? 
No, dark skinned humans blush, but the increased blood flow turning light 
skinned people pink or even reddish is not easily seen in a darker skinned 
human.

Nudity: regulations for bodies?

Pre-contact Hawai’i

France 
Germany 

Netherlands 
Spain 

Norway

What makes nudity so provocative in many “civilized” societies?

How old is modesty about nudity? Chimpanzees seem to have zero hang ups 
about their lack of clothing. 
Their sexual behavior is totally out in the open, not so for most human 
societies.



Zócalo in Mexico City Spencer Tunick 2007

22,000 protein coding genes (UCSD undergrads!) 

1000s of long non-coding RNA “genes” 

100s of thousands of enhancers in genome (friends and relatives of 
UCSD undergrads!) 

50,000 transcribed enhancers 

The “Gene” Crowd Genes defined as stretches of DNA encoding a protein, have become limiting. Genes 
now include any stretch of DNA with a function. There are thousands of other 
functional elements in our genomes that have regulating functions. Networks of co-
expressed genes with hub-like proteins that orchestrate levels of co-expression.

One gene-one protein views of human nature are out-dated.

Regulating Sexual Intercourse

Wikimedia

An example of cultural norms in action. These help define cultural identities and 
regulate individual behavior in large-scale societies, but by the same token can 
cause much harm by stifling human nature and spirit.

Last Living Hunter Gatherers/Foragers

Shuar, Equador

Ache, Paraguay Himba, Namibia Khoisan, Botswana

Tsimane, Bolivia Hadza, Tanzania

Penan, Malaysia Inuit, ArcticJarawa, Andaman Islands

Pirahã, Brazil

Pila Nguru, Australia

Aka, DR Congo

All living forager societies are losing their traditional ways of life, most of them now have 
access to cell phones and modern day pharmaceuticals. 
We live in an age of the last few societies that still allow us to observe how our 
ancestors lived for hundreds of thousands of years.



Gamete production: eggs and sperm

asymmetrical, maximise  
retention of cytoplasm

symmetrical, minimise  
retention of cytoplasm

One large egg (oocyte) 
per meiotic division

Four tiny sperm 
per meitoic division

The production of eggs (ova) maximizes the size and content of cytoplasm, including 
nutrients by generating a single egg from a meiotic division, that in the case of sperm 
produces four tiny sperm, each with its unique combination of reshuffled and halved 
genome.

Women and men produce gametes in two very different ways. This aspect of 
sex is totally binary and there in no intermediate processes that allow for viable 
offspring. 
This binary aspect however, has no bearing on what strongly non-binary gender 
we as self-aware human beings may experience.

Master signals: steroid sex hormones

Key for female 
fertility 

/combined oral  
contraceptives

masculinizes 
brain

masculinizes 
body

Androgens Estrogens

Steroid sex hormones are synthesized from cholesterol, which originates from the diet. 
There are no genes for testosterone or estrogen, just genes for the many enzymes 
involved in modifying the hormones. Hormones act via receptors, these are proteins 
encoded by genes. Hormone receptors regulate gene expression in target cells. 
Remember, none of these molecules are encoded by a gene in the genome. 
genes however encode enzymes that can modify the hormones as well as 
receptor proteins that can bind the hormones and cause huge changes in gene 
expression. 
You can see how binary sex gets very complicated and non-binary if you realize 
how slight tweaks in timing and circulating levels of these potent hormones in 
utero and throughout life can shift things in various directions.

Differentiation of sex organs

Anti-Müllerian Hormone 
Testosterone

Female or male sex organs in mammals prize from the same embryonic 
structures. 
The signals from different levels of hormones cause these structures to develop 
into male or female structures. 
Again, seems utterly binary at first sight, but there can be tons of variation as 
with any other multistep developmental outcome. About 1.6% of babies are 
born with ambiguous genitals, a tiny minority, but millions of babies in the US 
alone.



Less clear:

Swyer Syndrome  46,XY females, androgen insensitivity syndrome 
Swyer syndrome occurs in approximately 1 in 80,000 people.

46,XX males (“ testicular disorder” translocation of SRY to X chromosome) 
Approximately 1 in 20,000 individuals with a male appearance are 46,XX

Klinefelter Syndrome  47,XXY males 
approximately 1 in 200,000 people.

Turner Syndrome  45,X0 females 
approximately 1 in 2,000 to 5,000 female births.

47,XYY males (Jacob’s Syndrome??) 
This condition occurs in about 1 in 1,000 newborn boys.  
Five to 10 boys with 47,XYY syndrome are born in the US each day.

47,XXX females 
Triple X syndrome occurs in around 1 in 1,000 girls.  
On average, five to ten girls with triple X syndrome are born in the US each day

Some sex chromosome disorders cause distinct changes in the body Klinefelter 
and Turner Syndromes), others cause barely any changes, even allow fertility 
(XXX females). 
Genetic sex is not the same as apparent (phenotypic) sex and even less the 
same as lived gender.

SRY gene encodes a protein that binds DNA: a TF

Kashimada and Koopman (2010) SRY: the master switch 
in mnamnmnalian sex determination. Development.

A. SRY protein structure and function. As “binary” a switch as you could make 
up.

Sexual Dimorphism in Genitals

Anaxagoras: female is male turned outside in???

Male and female reproductive organs as shown in encyclopedia britannica 
Genitals are massively sexually dimorphic, even though they developed from 
the same collection of fetal tissue. There are huge variation in the appearance 
and measurements of genitals. 



Origin of sex differences

Mauvais-Jarvis et al. Cell Metabolism 2017

chromosomes/ genetics hormones hormone receptors

maternal hormones

environmental effects

Genetic and hormonal bases of sex. Neither of these are social constructs.

Origin of sex differences
hormones

Clarkson and Herbison 2015 Phil. Trans. B. 

Unlike females, males develop under the influence of three distinct periods with 
high androgen exposure.

Sexual Dimorphism in body size, height

variance 
males > females

“Pygmy” populations (average male shorter than 150 cm) 

One of the most apparent sexual dimorphism in humans is that in body height. As with 
many other dimorphism traits (measurable characteristics of an individual), there is 
substantial overlap. Another recurring theme is that the variance is larger in males than 
in females, i.e. males have individuals with more extreme traits very short and very 
tall…. 
Different means but widely overlapping variation in almost any female or male 
associated trait!!!!



Sexual Dimorphism growth pattern The timing of development of girls and boys differs: girls reach their adult hight 
(stature) and weight earlier, but boys catch up a few years later. Again, the variance 
in weight is larger for males.

Larger variance in males cannot simply be explained by male privilege, as it 
includes extreme values associated with al kinds of disadvantages. It likely 
reflects less stability in male development.

Subsistence strategy and skeletal dimorphism
external diameterfemoral midshaft 

bending strength

Ruff, C. J. Human Evo. 1987 H -G: Foragers AG: Farmers IND: Industrial

Timothy M. Ryan, and Colin N. Shaw PNAS 
2015;112:2:372-377

Sexual dimorphism is subject to very strong cultural and life-style influences. 

Sexual Dimorphism language and voice

Skuk, V. G., & Schweinberger, S. R. (2014). Influences of fundamental 
frequency, formant frequencies, aperiodicity and spectrum level on the 
perception of voice gender. Journal of Speech, Language, and Hearing 
Research,

It is very difficult to fool someone over the phone about your sex. Doe this 
mean that voice pitch i a form of honest signaling not subject to much cultural 
modulation? 
Also, there is much earlier acquisition of language by females.



Sexual Dimorphism in Facial Hair

Janif ZJ, Brooks RC, Dixson 
BJ. 2014 Negative frequency-dependent preferences and 
variation in male facial hair.Biol. Lett.

Dixson B and Vasey PL Behav. Ecol. 2012 
BJ. 2014 Beards augment perceptions of men’s 
age, social status, and aggressiveness, but not 
attractiveness

Dominance and Aggression Attractiveness

Sexual selection in humans?

Sexual Difference in the brain Researchers have identified several structural differences between the brains of 
men and women, but it's impossible to tell the sex of an individual based solely 
on MRI images of the brain like the one above. gray matter (neuronal cells 
bodies) and white matter (connections between cells) can differ between male 
and female brains.

Functional connectivity

Tomasi & Volkov Gender Differences in Brain Functional 
Connectivity Density Hum Brain Mapp. 2012 

Sexual and Cultural differences co-exist and possibly influence each-other.



Sexual Dimorphism in school performance?

Guiso et al. Science 2008

Katrin JakobsdottirRecep Tayyip Erdogan

Sex and culture influencing each other: here you go.

Sexual Difference in the brain

Lombardo et al. J. Neuroscience 2012

right temporoparietal junction 
superior temporal sulcus

PT/POplanum temporale/parietal operculum

OFC: orbitofrontal cortex

Grey matter thickness differences in multiple regions

Fetal Testosterone (FT) correlations with local grey matter (GM) volume. A, Areas 
where FT predicts local gray matter volume. Red/orange voxels denote positive 
correlations; blue voxels denote negative correlations. B, Areas of sexual 
dimorphism in local GM volume. Red/orange voxels denote a Male > Female 
pattern; blue voxels denote a Female > Male pattern. Voxels are the units of 
measurement in 3D brain imaging, each voxel corresponds to the 3-D pixel in 
the images. 

Fetal Steroids and grey matter in the brain

Lombardo et al. J. Neuroscience 2012

Fetal testosterone was measured in the amniotic fluid taken during pregnancy 
examination (amniocentesis) of each of the individuals whose brain was studies two 
decades later. Grey matter thickness different areas correlated with Fetal testosterone, 
both positively and negatively depending on the region. 



Origins sexual Dimorphism

Male-male competition: Nuba wrestler, Sudan, 
Schwingen (wrestling), Switzerland

female choice: Wodaabe, Niger 
Maasai dancers, Kenya, Tanzania

Larger male size could be due to male-male competition, female choice for 
larger body size and all kinds of male attributes, sexual division of labor or any 
combination thereof.

study on 13,800 twins in Norway.

Male fraternal twins can be a hormonal liability to their sisters while in the 
womb! 
Again, hormonal levels during pregnancy appear as an important factor for 
development.

External Genitalia development in humans

48 days

9.5. weeks

newborn

Testosterone 
Dihydrotestosterone

Variation on a common theme. 



John Money 
psychologist/sexologist

Milton Diamond 
biologist/sexologist

Boy raised as a girl

Book by John Colapinto

David Reimer 
August 22, 1965 – May 4, 2004 

22 months (Brenda), 14, 20 (David) ,25,39

Sex-reassigment of young children is very problematic. 

Sexual division of labor, sex specific ecology
Gatherer-Hunters

Sexual division of labor is apparently much older than Judeo-Christian 
norms…..

Operational sex ratio

M F

M

M

F

F

F

immature

sterile

F

immature

sterile

pregnant

lactating

M F reproductivereproductive

M F

not contributing to operational sex ratio

observed ratio: African Jacana 
sex role reversal, polyandry: 

sex ration 6:1

Liker et al. Nature Comm 2013

Wilson’s phalarope

Operational Sex ratio can have strong impacts on biology and behavior.



Operational sex ratio and variance in Reproductive success

Pitcairn 
monogamy

Dogon 
strong  

polygyny

Aka 
mild  

polygyny

Operational sex ratios can influence the male variance in reproductive success.

Competition for mates: Males and Females Bi-directional mate choice and mate retention.

Kaplan & Robson We age because we grow. Proc Royal Soc. B 2009

Fertility and Age in Women and Men

Natural fertility populations (Ache, Paraguay and Hadza, Tanzania)

Females

Males

Female fertility is linked to youth more strongly than male fertility.



Human female beauty tied to neoteny There seems to be a strong asymmetry in that youth (neoteny) is an important 
criterium for judging female beauty but less so for the assessment of male 
beauty. Symmetry and signs of health are important in both sexes. Studies of 
criteria of beauty in mates among non-heterosexuals are in their infancy. 

Humans are no bonobos
Semenogelin 1&2 

Transglutaminase 4

2010 Evidence that humans are not bonobos: 
Small testes, low sperm number, slow sperm, lack of copulatory plug.

Sorokowski et al. Body Height Preferences and Actual Dimorphism in Stature between Partners in Two Non-Western 
Societies (Hadza and Tsimane’). Evol. Psychology  2015 

Cultural preferences for body height dimorphism Testing preferences for degrees of sexual dimorphism in stature reveals much 
variation between cultures.  



The Story telling Ape?

Smith et al. 2017 Nat Comm.

Agda tribe in N. Phillipines

Telling good stories can influence human mate choice and fertility! 
Sexual selection for creativity??

Marriage Ceremonies
anchoring pair-bonding in social networks and conventions

Traditional Telugu wedding in Hydrabad, India

Cheat and you face not just your partner, but an entire clan behind him or 
her….. and possibly deadly sanctions e.g. old testament: stoning for adultery 

Paternal Investment Paternal care 

VTA: ventral tegmental area

Mascaro et al. Testicular volume is inversely correlated with nurturing-related brain activity in human fathers. PNAS (2013)

70 fathers of children 1 or 2 
years old.


Fathers and their wives 
interviewed about paternal 

caregiving behavior and 
attitude.


Imaging of brains and 
testicles of young fathers 

provided surprising results.

Some fathers invest more in paternal care, others more in mating effort, the 
size of their testes might tell you.



Male Costs?

males do not gestate 
competition for resources 
males cost more: gestation, lactation etc 
aggression 
control / loss of female choice 
inbreeding/incest

As a male, I am happy to exist, but I realize that we guys come at a cost.

The Prevalence of Non-Reproductive Sex
Most Human Sex is non-reproductive!

Contraceptive theoretically allow for evermore non-reproductive sex. Their availability is 
not the same around the world. Japan for example, only finally allowed oral 
contraceptives, after its male-majority government rushed through the approval for the 
erection-enhancing drug Viagra!

Himba, Inuit, Yanomami 

cultural acceptance of multiple and  
concurrent sexual partnerships 
and “okujepisa omukazendu” – 
 which loosely means  
“offering a wife to a guest”

shared, partible  paternitywife swap, exogamy with visitors

Traditional human cultures have mating norms that allow for different levels of female 
promiscuity. 
Farming and herding allow the accumulation of surplus property, which can 
then be inherited. When there is stuff to inherit the obsession about paternity 
becomes acute.



Hemochorial Placentation The human placenta: a fetal tissue and the site of much conflict, between fetus 
and her mother, but also between the reproductive interests of the of the father 
and the slightly different ones of the mother.

Hydatidiform Mole (placenta gone awry?)
Molar pregnancies are very dangerous to the mothers and often require 
surgical intervention. These rare phenomena illustrate the potential danger of 
fetal ”pushiness” promote by paternal genes.

Conflicts within the Genome: Meiotic Drive

Ottolini et al. Nature Genetics 2015

Geneticists have long observed that there seems to be higher levels of 
recombination in females. This observation was finally explained as the result of 
non-random chance of recombined chromosomes making it into the egg, as 
opposed of being discarded into the polar bodies, during the asymmetrical 
meiosis that produces a single ovum.



Weaponizing Sex: War and Rape

"For I will gather all the nations 
against Jerusalem to battle, and 
the city shall be taken and the 
houses plundered and the 
women taken..." Zechariah 14:2 

“Their little children will be 
dashed to death before their 
eyes. Their homes will be 
sacked, and their wives will be 
taken." Isaiah 13:16 Martin, R. Yearbook of Physical Anthropology 2007

Rape as a weapon is very old, all too common and well-anchored in literature 
including the Old testament. None of which make it less criminal.

Female reproductive cycles then and now One of the biggest changes in biology over the last 10 thousand years: the total 
number of menstrual cycles experienced by women between menarche and 
menopause.  
With the control of fertility through more female independence, contraceptives 
and pregnancy termination, the total number of cycles experienced has 
massively increased.

Menstruation: Adaptation or side effect?

Menstruation is relatively 
rare among mammals. 
Common in species with 
invasive placentas and 
“expensive” young and 
spontaneous ovulation.

Emera D, Romero R, Wagner G (2011) The evolution of 
menstruation: A new model for genetic assimilation: Explaining 
molecular origins of maternal responses to fetal invasiveness. 

Bioessays 34(1):26-35.

Strong blood loss during  human menstruation is not completely understood. 
Among mammals, the other lineages that seem to have large blood loss all 
share invasive placentas and spontaneous ovulation.



Painting our own peacock’s train?

 Jasmin Siddiqui „Hera“ und Falk Lehmann „Akut“

Art is a central part of all human cultures. Is there a biology of art? are we 
literally trying to pint our own peacock’s tails?

Gender

naked Mona Lisa or Andrea Salai?

Leonardo was twice accused of homosexuality (a capital offense in Renaissance Europe), 
which may be one reason he left Florence to work in Milan. There, wrote his biographer, 
Giorgio Vasari, in 1550, “he took for his assistant the Milanese Salaì, who was most comely 
in grace and beauty, having fine locks, curling in ringlets, in which Leonard greatly delighted 
…” 
Could Salaì have been the model for the Monna Vanna? The muscular left arm strongly 
resembles that of a semi-naked Bacchus (or maybe St John) with long curly hair from 
Leonardo’s workshop, now hanging in the Louvre. The “nude Mona Lisa” may be a portrait of 
this wild youth, who died in a fight in 1524. One thing is for sure – the fluid gender of this 
nude shows why Leonardo is still modern 500 years after his death. 

Fights over interpretations

“The feminist co-option of her art enraged O’Keeffe, who stated 
emphatically, ‘I am not a woman painter!’ By this time, she was 
already firmly ensconced in the pantheon of American art…and did 
not want her achievement typecast or marginalized in any way…

‘I believe in women making their own living. It will be nice 
when women have equal opportunities and status with 
men so that it is taken as a matter of course.’ 
Georgia O’Keeffe

Flowers are beautiful, they are also the sexual organ of plants. Both very good 
reasons to paint them.



Bower Bird Art

Attenborough in Paradise 
https://www.youtube.com/watch?v=GPbWJPsBPdA 

Animal Art: the creation of male birds in Papua New Guinea, very much 
motivated by sex. 

Art as sex or as sexual currency?
no comment.

Mating Display?

"Women are machines for suffering," Picasso told his mistress Françoise Gilot 
in 1943. Indeed, as they embarked on their nine-year affair, the 61-year-old 
artist warned the 21-year-old student: "For me there are only two kinds of 
women, goddesses and doormats". 

Pablo Picasso was one of the most famous artists of the 20th century. He clearly 
appeared to use the creation of art as a peacock’s train.



Art or pornography?

Erotic scene on the rim of an 
Attic red-figure kylix, c. 510 BC.

Artist Joan Semmel painted her Erotic 1971-1973 series (Indian Erotic , Erotic Yellow, On the Grass)

Marlene Dumas 1999 FingersKajuraho Temple, 11th century

Venus of Lespugue

23,000 years old

“Pornography” literally images of prostitutes, is very difficult to define. 
Artistic depiction of sex can attract both wanted and unwanted attention. It can bring 
fame and riches, but can also get the artists into serious trouble. 
One of the most central aspects of biology ruled by some of the most stringent 
cultural norms! Is that a coincidence?

Would full decriminalization of consensual sex work  solve 
more problems or create new ones?

Decriminalizing sex workers massively protects individuals from criminal 
exploitation and abuse.

Professor Leroy McDermott (1996) suggests that rather than fetish objects, each figurine is a 
women in the Upper-Paleolithic, sculpted as she sees herself (probably while pregnant).

Human breasts and the female figure Human breast: No counterpart in any other primate.  
Almost certainly subject to sexual selection, but that does not imply that this 
selection is the only reason for their existence.



Religion and Celibacy

Hindu Sadhu Carmelite nunsBuddhist monk

Orthodox Christian monks Catholic priests Sufism

Shinto Miko Daoist hermits Jain monks

Not only do most religions have their own rules guiding or imposing sexual behavior on 
believers and sometimes the whole society. 
Many religions have devout minorities that attempt to live asexual lives through 
vows of celibacy and chastity.

Attempts at cutting sex out of life, often unsuccessful

Egon Schiele

Sexual urges for good reasons are among the strongest natural urges of 
humans.  
Norms can only go so far! 

Sexual abuse by religious figures
Like all human cultural institutions that create powerful positions, religions can 
facilitate sexual abuse (among others).



Sexual abuse by men and women? NXIVM
Recent example of sexual exploitation through a self-help/sex cult.

Rites of Passage and body modification Humans use their tools and imagination on their own bodies. And do so 
according or against prevailing social norms.

Cultural roots of genital cutting

Spell 1117
But if a man wants to know 
how to live, he should recite it 
[a magical spell] every day, 
after his flesh has been rubbed 
with the b3d [unknown 
substance] of an 
uncircumcised girl ['m't] and 
the flakes of skin [šnft] of an 
uncircumcised bald man.
— Inscription on Egyptian 
sarcophagus, c. 1991–
1786 BCE

The oldest historical evidence for both male and female genital cutting come from Egypt 
and are ~ 4000 years old. 
The extent of genital cutting is not clear from these records. The practice almost 
certainly goes back much earlier, and theoretically could have started with the invention 
of stone/obsidian blades.



Update on FGM 2016 leaflet from Unicef.

Cultural Evolution and genital Cutting

Howard, J. A. & Gibson, M. A. Frequency-dependent female genital cutting

behaviour confers evolutionary fitness benefits Nat. Ecol. Evol. (2017). 

Predicted number of surviving offspring by mother’s FGC status and ethnic FGC frequency.

If you cultural norms promote female genital mutilation, than being mutilated 
can contribute to reproductive success!

Plastic Surgery

The economist

Plastic surgery is a rapidly growing industry around the globe. 
Patients range from individuals with congenital malformations, accident related injuries to 
elective surgeries for strictly esthetic  reasons.



Plastic Surgery

The Guardian

The cutting and injection industry in the USA.

Dr. Preecha, Pioneer of sex reassignment surgery The last few decades have seen rapid improvement of sex reassignment 
techniques.

Costs of intimate contact

Transmission of infectious agents: 

Trichomoniasis (protozoan) 

Chlamydia (bacterium) 

Syphilis (bacterium) 

Chancroid (bacterium) 

Gonococci (bacterium) 

Viruses (HSV, HBV, HIVs, HTLV, HPV)

ironically, one of the driving factors of sexual reproduction is the permanent threat of 
infectious disease and parasites…forcing host populations to “run away” without ever 
getting anywhere (Red Queen). 
Sexual reproduction alway involves contact between sex cells, gametes. in mammals 
threes contact is much amplified through internal insemination…..which is massively 
exploited by pathogens yet again…..



STI
Bacterial

Chancroid

Protozoan

Trychomonas vaginalis

Fungal Viral

Gonorrhoea 

Syphillis

Chlamydia Candida

Brewer’s Yeast

HIV

Hepatitis B HBV

Human papilloma HPV

Herpes simplex HPV

Arthropod

Phtirus pubis 
(crab louse)

Mycoplasma

The STI zoo.

Vulvodynia (“ vaginismus”)

Unexplained pain in the vagina especially during sex

Havemann et al.   J Low Genit Tract Dis. 2017

The spatial scales at which reproductive disease can affect humans.

Unnecessary and widespread vs necessary and absent!

pelvic prolapse obstetric fistula

A hole in the birth canal caused by obstructed labor

A tragic irony exists in the fact that hundreds of thousands of women across 
Africa and Asia suffer from fistulae, which often go untreated causing massive 
suffering and societal stigma.



Being a woman is dangerous

Erotization of Guns The USA more than any other country has a major gun fetish. 

Guns are less strictly regulated than the uteri of females……

Other places including Switzerland seem to have fallen prey to the erotic power 
of firearms…. 

Human Trafficking
Several million people are forced to perform sex work, many more are forced 
into other types of dangerous work.



Global Mating Place Power and Resource gradients

Jamaica Netherlands

SpainNamibia

Tanzania

GambiaThailand

Cuba

Men and women travel the world in search for sex! Famous hot spots include the 
Caribbean, East and West Africa, Thailand and the Philippines, Holland and other 
places. Many individuals from these places have used these opportunities to emigrate to 
the home countries of sex tourists.

Tug-of-war between (reproductive interests of) mammalian parents

Erasure and reprogramming 
of epigentic marks 

 on the genome during 
spermato- and oogenesis

Parental Conflict 
Moore & Haig 1991

learn.genetics.utah.edu 

Sex-specific imprinting mediates male or female-specific, opposing  interests 
during fetal development and later development. 

(5mCG) 
5-methylcytosine-guanine 

(5mCH) 
5-methylcytosine-(A, T or C)

Erasure and reprogramming of epigentic marks

Vogel Ciernia A, LaSalle J. The landscape of DNA methylation amid a perfect storm of autism aetiologies. Nat Rev Neurosci. 2016

DNA methylation landscape across development. DNA methylation for 5-methylcytosine-guanine (5mCG) and 5-
methylcytosine-(A, T or C) (5mCH) is shown on separate scales across human development. 5mCG levels in mature germ cells 
(sperm and oocyte) decrease after fertilization (zygote) and continue to decline in the inner cell mass (ICM) until implantation, 
when they rise rapidly. 

Two waves of erasure followed by re-establishment of “chemical marks” on our 
genomic DNA. Males and females tweak what their genes do inter offspring!



Hybridization

Papio anubis Papio hamadryasPapio anubis X hamadryas

Cercopithecus mitis Cercopithecus mitis x ascanius Cercopithecus ascanius

TigonLiger

Lion males imprint genes to cause excessive growth in the hybrid offspring/ 
mismatch between lion and tiger imprinting.

Disease or simply unusual development?
Guevedoces are men in the Dominican Republic who grow up as girls. Their 
genitals do not virilize in utero as they lack the function of the enzyme alpha 5 
testosterone reductase (due to the inheritance of two non-functional copies of 
the gene that encodes this enzyme).

Gender How many classifications? Cultural construct of bins for much more fluid realities? 
Actually gender is here and there and anywhere in between!



Rapid Onset Gender dysphoria

Lisa Littman. Rapid-onset gender dysphoria in adolescents and young 
adults: A study of parental reports. PLOS ONE, 2018; 13 (8):

Vivid conversations are ongoing about how to best address “rapid onset gender 
dysphoria” without compromising the future health (mental and physical) of 
young people. 
- or is the term ROGD a way to veil transphobia?

Violence against sexual/gender minorities

 

https://www.who.int/bulletin/volumes/96/1/17-197251/en/

2017

WHO statistics on sexual violence experienced by sexual/gender minorities. 
LBGTQ people are disproportionately targeted by violence. 
Violating cultural norms can come at a very steep price! 

Male and Male to Female Transsexual brains Neuroscientists are inserted in brain biology of trans people.  
Like with all other scientific studies, the motivations behind the studies are 
crucial to minimize any harm while maximizing new understanding.



Sex, gender, gender identity

Brad Wierbowski

The biological and psychological underpinnings of what places each of us on 
a certain spot of these multidimensional spaces remain very poorly 
understood. If some positions seem rare, this does not mean that they are 
less real!

Peanut butter
Lack of regulation for embryo culture media.
EU regulates peanut butter  more strictly. 
Effects of embryo culture medium on infant 
development and health?

Kleijkers  et al. Hum. Reproduction (2016)
Sunde  et al. Hum. Reproduction (2016)
Evers Hum. Reproduction (2016)

HTF vs G5 media: effects on differential gene 
expression in day 6 blastocysts:

Kleijkers  et al. Hum. Reproduction (2015)

HTF vs G5 media:  
effects on birth weight!

Assisted Reproduction is a new and rapidly growing industry, and it remains 
poorly regulated.

Effects of the in vitro niche on imprinting?

Feuer et al. Molec. Hum. Reproduction (2013)

Bathing developing human embryos in proprietary media inside plastic dishes 
unsurprisingly is not the same as having an embryo start its development in a 
fallopian tube.



Aging and survival

(Hawkes 2010, PNAS) 

Age distribution

Hadza grandmother at work
Wild chimpanzees  

(5 groups)
Humans 

(Hadza foragers)

Up to 25% of living adults in a given social group can be post-reproductive 
females. The grandmother hypothesis proposes that these females benefit their 
younger relatives buy provisioning children with food, care and knowledge. 

Post-Reproductive Life Span (PRLS)

Croft et al. Trends in Ecology & Evolution, 2015

South American and South African foraging societies also have long PRLS

Older men: alive and with much power Powerful older males can wreak all kinds of havoc……. 
they sometimes meet an early death or 23 year jail sentences……but many 
them get away with their behavior.



How does gender identity come about?

Big Questions

Is male social dominance a secondary phenomenon?

Why is mammalian reproduction never a sexual?

How will technology continue to influence sex?

How did human pair bonding evolve?

How can male aggression be better controlled?

How can solidarity across genders be improved, without 
endangering bonding within?

sè, shoku, iro: 
color, sex 


