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8. The Cost of Sex and Sexual Conflict

Ancient silver coin from Cyrene depicting a stalk of Silphium
Ferula spec. 
giant fennel

When we hear costs we often think of monetary currency: 
These ancient coins from the North African part of the Roman Empire had an 
image of the now extinct plant Silphium. This plant was cultivated and harvested 
for export around the Roman Empire and beyond.

Cost of Sex

Unintended Pregnancy

Given that most human sexual behavior has nothing to do with trying to 
reproduce, one of the biggest costs for humans, especially women, is the cost 
of an unwanted pregnancy. It is telling that over 2000 years ago, selling a plant 
(Silphium) that could cause an abortion of an unwanted fetus, was a major 
money maker and export item. 
In The USA, unintended pregnancies are still very common. There is some 
correlation with ease of access to birth control, but the relationship is not tight.

Ferula tingitana (the giant Tangier 
fennel) is a species of the 
Apiaceae genus Ferula. 

Contemporary writings help tie 
silphium to sexuality and love. 

Silphium

Heracleum sphondylium (hogweed) 
showing its heart-shaped mericarp

Ancient silver coin from 
Cyrene depicting a stalk 

of Silphium

Silphium fruit

Silphium was almost certainly a plant in the Apiacae family (carrots, anis etc). 
Surviving species from this family have abortifacient properties: Hogweed and 
Giant Tangier Fennel. Hogweed is also phytotoxic, i.e. if you expose your skin to 
the sun after having come into contact with its juices, your skin will form blisters.



Abortifacients
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(Hing, Devils dung, 
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brewer’s yeast

bitter melon
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blue cohosh

nutmeg
pennyroyal
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papaya
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Many herbs and plants are claimed to act as abortifacients, either by themselves or if taken in certain doses or 
mixtures. Examples include brewer's yeast, bitter melon, wild carrot, blue cohosh, pennyroyal, nutmeg, 
mugwort, papaya, verbena (galactagogue), common rue, ergot, saffron (both aphrodisiacs) and tansy. Animal 
studies have shown that pomegranate may be an effective abortifacient. Verbena is also a galactacogue, i.e. it 
promotes the activity of the mammary glands and helps milk production, similar to the genome of the ant-lion 
in Tanzania, used by women of the Hadza tribe to help mothers who have low milk production. 
Practice question: Name three traditionally used abortifacients. 
nutmeg, saffran, ergot

“St Anthony’s Fire” 
Mass poisoning by ergot: toxin 
from fungus Claviceps 
purpurea growing on rye in wet 
years. 

Farming: set up for famines and malnutrition? Infection of crops with psychoactive fungi can cause mass poisoning. 
The fungi growing on stored crops, such as peanuts can produce cancer causing toxins 
(aflatoxin). 
Practice question: Why is the fungus infested grain of rye known as “mother corn”? 
Answer: Ergotamine, the active ingredient of the hallucinatory fungus has very potent effects 
triggering uterine contractions and these kernels were thus traditionally used by midwives.

Modeling Reproductive Cost (theoretically)

Lethonen et al. TREE (2012)

Cost of sex is  
not always 2 fold!

Comparison of reproductive output under different types of reproduction (a–d). For 
illustrative purposes, each population comprises two individuals. They gather resources 
as time flows from left to right. As soon as they gather enough resources (horizontal bar) 
to form a gamete or offspring, it is produced (vertical arrow). Gametes are fertilised to 
form a zygote (sphere). The colour of the sphere indicates the gametic contributions of 
the parent(s). Larger gametes require more resources. Here, resource acquisition is 
assumed to be constant over time so larger gametes take longer to produce. The 
precise numerical examples for the size–number trade-off follow case C in Matsuda & 
Abrams. The numbers along the resource acquisition bars refer to gamete size 
(minimally small for sperm; for clarity, only a few sperm are drawn) or zygote size (for 
asexuals). The number alongside the zygote refers to its predicted survival [= size6/(1 + 



size6)]. The total reproductive output is shown on the right, expressed as (survival of 
zygote)/(time taken to produce a zygote).

Modeling Reproductive Cost (in the lab with snails)
Theoretical predictions for the cost of sex. (A) Under a two-fold cost of sex (c = 2), asexual females can produce twice as 
many childbearing offspring (females) as sexual females. The net cost c is the product of the female fecundity-survival ratio r 
and the cost of males. Here, sexual and asexual females produce an equivalent number (n = 2) of surviving offspring 
(fecundity-survival ratio r = 1), consistent with the all-else-equal assumption. Sexual females make 50% daughters (s = 0.5), so 
the cost of males is two (1/s = 2). The total cost of sex is then two (c = r * 1/s). (B) Equation (3) shows the fold-increase in 
asexual reproduction: under a two-fold cost (c = 2, black solid line), doubling is observed only at very low starting frequencies 
of asexual individuals. The proportional increase in asexual frequency declines from two to one as the initial frequency of 
asexuals (q t ) increases from rarity to fixation. Equation (2)'s corresponding prediction for the frequency of asexual individuals 
in the offspring generation (q t+1 ) is shown in (C). We use equation (2) when fitting models to experimental data. When there is 
no net cost to sexual reproduction (c = 1, gray dashed line), asexuals have no intrinsic birth rate advantage and will not change 
in frequency. 

Two-fold Cost and Genome dilution
 The twofold cost of sex (Maynard Smith, 1978). Given that other conditions are equal, 
an asexual female that produces only female offspring will have twice the fitness of a 
sexual one that produces both male and female offspring. Because of this, an allele that 
confers asexuality will double its representation in the population each generation. 
Genome dilution occurs, because only half of one parents DNA gets passed on to each 
offspring.



Herman Muller

“Muller’s Ratchet” Mutations accumulate and remain for subsequent generations. 
The accumulation of deleterious mutations in the absence of sexual 
reproduction is known as muller’s ratchet. Sexual reproduction offers a solution 
as different bad mutations can be recombined into the same (unlucky) genome 
and then purged from the population.

“Free-loading” genome!
Pool frog Marsh frog (klepton)

When these frogs hybridize, one of the parent species wins out, at the exclusion 
the other species (which is reduced to a “sexual host”, very much like a 
generous person being exploited by a freeloader).  This is a perfect illustration of 
the potential cost of sexual reproduction.: these frogs better watch out who they 
mate with, it might be a parasitic species that only wants to use them as a host 
to make more of their own!!

Fertile mules, rare but real (again, freeloading genomes) The maternal genome of the hybrid can seek out the paternal genome during a 
back-cross and discard the paternal half originating from the mismatched 
species!



hinny n=63

donkey n=62

stallion n=64

Fertile mules, never males Male mules or hinnies cannot make sperm due to the unmatched chromosome 
pair. Females can sometimes be fertile and exclude the genome of one of the 
two parent species. 
Practice question: How can a mule give birth to a horse foal? 
By producing eggs that exclude the Donkey paternal genome and only contain 
horse mother genome and mating with a stallion.

Daphnia pulex 
Cladoceran

Potamopyrgus antipodarum 
fresh water snail

Brachionus calyciflorus 
rotifer

Poecilla formosa 
Amazon molly

Corbicula spec. 
Amazon molly

Model species for studying the cost of sex Model species that exist as either sexual or asexual forms, allowing for 
comparisons of their reproductive output (attempt at quantifying fitness) 
Practice question Name three different costs of sex. 
Loss of good combinations, half the individuals cannot produce babies, provides 
opportunity for infection by pathogens.

What is Fitness?

The British sociologist Herbert Spencer, infamous for his notions of “social Darwinism,  
coined the phrase "survival of the fittest" in his 1864 book to characterize what Darwin had 
called natural selection. 

Fitness as a propensity or probability 

"Survival of the form that will leave the most copies of itself in successive generations.” 

form can be phenotypic or genotypic. 

Approximately measured by : Lifetime reproductive success

The only material entity that is transmitted from one generation to the next are 
DNA molecules (or RNA). Phenotypic (observable) traits can in a sense be 
transmitted if the various DNA encoded instructions that lead to the 
development of these traits get transmitted together to the next generation. 
Practice question: What is the meaning of evolutionary fitness? 
Survival of the form that will leave the most copies of itself in successive 
generations.



Adaptive (fitness) Landscape

• Not just adaptation: trade-offs and constraints/contingency.

Yeoman, CJ et al. Entropy, (2011)

Fitness Landscape. A 3-dimensional representation of a fitness landscape; used to describe the 
multiplicity of adaptive trajectories available to a species. These trajectories may lead to points of 
lower fitness, represented as a valley, or higher points of fitness, represented as a mountain, while 
neutral regions manifest as plateaus. While a clone would occupy a single point within the fitness 
landscape, a species is aclonal. Although best thought of in an additional dimension, for simplicity 
we have depicted a species (blue dots) as multiple clonal types surrounding the modal 
subpopulation (circled in red). Adaptation arises when the modal subpopulation moves to a new 
position within the landscape although intra-specific genetic variation would enable tethered 
migrations from the modal genotype. 
Practice question: What is the concept of an adaptive (fitness) landscape? 
A graphic representation of low or high points of fitness.

Evolution is a population phenomenon. Individual can adapt modestly during their 
lifetime, but they all are borne, if lucky reproduce and then die. The change we call 
evolution is a phenomenon of the population that changes across generations, involving 
countless individuals, each carrying slightly different DNA molecules. 
Evolution is a process of populations: “populations” of DNA segments in our genomes 
and populations of individuals. 
The only evolution possible within us is that of populations of rogue cells: a.k.a cancer.

Calculating Fitness

“I would sacrifice my life  
for two brothers or eight cousins”

Haldane was joking about the value of one’s DNA copies that exist in close 
relatives.



Sociobiology and kin selection

Bill Hamilton in the Amazon 1999

fitness via the shared genes in others

“I would sacrifice my life  
for two brothers or 
 eight cousins”

Inclusive Fitness 

via kin selection

Bill Hamilton mathematically formalized kin selection and was the first to provide an 
explanation for the evolution of eu-social insects, such as bees and ants, where most 
individuals forgo reproduction  but contribute to the fitness of their genes by helping 
reproductive individuals (queens). 
Practice question: What is inclusive fitness? 
Fitness via the shared gene variants in other individuals. (without reproducing 
themselves, worker bees contribute to the spread of their own genetic variants they are 
sharing with the brood they tend to).

Extra, cultural dimensions for humans?

Ernst Fehr

Third party punishments 
the power of Reputation

Why Social Preferences Matter – The Impact 
of Non-Selfish Motives on Competition, 
Cooperation and Incentives

Human cooperation is costly and prone to suffering from cheating, individuals who take more 
than they give. 
The prosocial tendencies of humans appear to exist together with language (different from 
communication seen in all animals in that language allows the generation of infinite meaning 
through the combination of sounds/signs and the rules of syntax) and theory of mind (the full 
capacity to imagine what another individual is imagining). Reputation, impossible without 
language, completely changes the possible rewards for costly, prosocial, altruistic behavior. 
Human biology might even have evolved to the point where we “feel good when doing 
good”. 
Language and names allow for reputation, self-awareness causes most of us to care about 
our reputations —-> this massively influences ho we all behave!

Male Female differential resource use

Northern Elephant Seals

In some species, e.g. elephant seals, males reduce their resource competition with 
females by using completely different hunting grounds and different prey species. 
Female elephant seals forage in the open ocean, while male elephant seals forage along 
the continental shelf. 
Practice question: Name a marine mammal with extreme sexual dimorphism: 
Elephant seals (also walrusses).



Female societies

African Savannah Elephant

Taylor et al. J. Animal Ecol. 2019
Ngene, S.et al. Intl. J. Biodiversity 

and Conservation 2017

Elephant societies tend to discriminate against adult males. 
Detected musth and non-musth periods for “Mungu” (B1001) aged ~47 years. (a) The 
untransformed daily mean speed and the assigned musth period (shaded red area) 
result from the three-state hidden Markov model. Visual observations of the bull in musth 
or non-musth are denoted by the red and blue lines at the base of the plot. (b) Photo: G. 
Wittemyer. (c) Map of the corresponding GPS tracking data for the detected musth (red 
lines) and non-musth (blue lines) periods for Mungu 

Total home range (KDE method) of bull (n = 9) and female (n = 3) elephants collared 
in Amboseli ecosystem (2 February 2013 to 16 April 2016). The numbers represent the 
group 
ranches in the study area (Supplementary Table). 

Practice question: How can the cost of males in a sexual species be reduced? 
By males utilizing different ranges and/or resources than females and juveniles.

Male Costs?

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

Practice question: 
Name some of the potential cost of having males around? 
they don’t gestate, are aggressive, can bypass female choice.



Costs of “lost Identity”

disruption of co-adapted gene combinations 
potential pooling of inferior genetic variants 
slowness of meiosis 
genomic accidents (mis-pairing) of chromosomes 10 hours 24 days in males,  

over 10 years in females

The pooling of deleterious genetic variants is also one of the great advantages of sexual 
reproduction, it allows a population to “purge” deleterious variants via unlocks individuals 
who inherit combinations of them. 
Name two evolutionary advantages of sexual reproduction: 
generation of diversity, purging of deleterious genetic variants

Costs of “lost Identity”
Differences between Mitosis and Meiosis, two very different types of cell division. 
Practice question: what is the difference in the daughter cells of a mitotic and meiotic 
cell division: 
Mitosis gives rise to two identical cells, meiosis to four haploid sperm or one egg, each 
with uniquely reshuffled and halved (haploid) genome.

Costs of finding mates

mate choice 
species recognition 
detection of fertile period 
potential for errors of choice:  
INCOMPATIBILITY —> missed opportunity 
& wasted resources!

850 species in 1-2 million years

Can be very high in populations that are very sparse, as in right after the arrival 
on a new continent. Mechanism have to evolve that allow for efficient recognition 
of compatible/same species mating partners.



Species Recognition

African fresh water lake Pacific ocean

Four butterflyfish species comprising two species pairs. Allopatric species (a) 
Chaetodon speculum and (b) Chaetodon zanzibarensis; and highly sympatric 
species (c) Chaetodon reticulatus and (d) Chaetodon meyeri. Photos with 
permission from François Libert.


The rapid differentiation of colour patterns among species pairs. (a) High 
levels of differentiation in Chaetodon kleinii and Chaetodon trichrous which 
separated approximately 300 000 years. (b) Minimum differentiation in 
Chaetodon speculum and Chaetodon zanzibarensis. (c) High levels of 
differentiation in the oldest pair Chaetodon ephippium and Chaetodon 
semeion which diverged 3.96 Ma. Phylogenetic generalised least-squares 
regression (PGLS – blue line) of time of divergence against species-pair 
colour pattern dissimilarity. The trend line with 95% confidence intervals 
shows a marginally positive but non-significant slope. Each point represents 
the mean colour pattern dissimilarity of the 25 individual pair-wise 
comparisons for each species pair. Photos with permission from Francois 
Libert.


Practice question: What does fish coloration have to do with speciation? 
Brightly colored fish can utilize their colors to recognize and or exclude potential mates.

Species Recognition Lake Tanganyika, Tanzania, second largest fresh water lake in the world, holding 
250 species of Cichlid fish that are part of an evolutionary radiation with an age 
of about 6  million years.



Blue Cichlid Cyathopharynx furcifer and his sand nest bower attracts females 
that chose to lay their eggs in the large nest structure

Species Recognition: Bird Song?

Fairy wren (Australasian) 
Both sexes sing, song has much to do with pair binding and 
defending/claiming territory and is not strictly a product of 
sexual selection.

Ancestral state reconstruction of female song on a phylogenetic tree of the oscine 
passerines. The tree (a) includes all species for 
which we could unambiguously score female song as present or absent (323/1,141 
species from 34/44 songbird families). Female song was present in 
229 species (32 families; red terminal nodes) and female song was absent in 94 species 
(19 families; blue terminal nodes). The pie chart in the 
centre shows that female song is reconstructed as present (red) in the common 
ancestor of modern songbirds (92% maximum-likelihood probability 
strongly supported by a likelihood decision threshold of 2.0). Pictures show females of 
the following species with female song from families throughout the 
phylogeny; (b) superb lyrebird (Menura novaehollandiae; figure reproduced with 
permission from V. Dunis), (c) purple-crowned fairywren (Malurus 
coronatus; figure reproduced with permission from M. Hall), (d) brown thornbill 
(Acanthiza pusilla; figure reproduced with permission from J.J. Harrison), 
(e) scarlet robin (Petroica boodang; figure reproduced with permission from K. Odom), (f) 
white-eyed vireo (Vireo griseus; figure reproduced with permission 
from F. Jacobsen), (g) grey butcherbird (Cracticus torquatus; figure reproduced with 
permission from A. Kearns), (h) tropical boubou (Laniarius aethiopicus; 
figure reproduced with permission from J. Friedman), (i) loggerhead shrike (Lanius 
ludovicianus; figure reproduced with permission from F. Jacobsen), 
(j) magpie-lark (Grallina cyanoleuca; figure reproduced with permission from M. Hall), (k) 
curl-crested manucode (Manucodia comrii; figure reproduced with 
permission from T. Laman). 



Practice question: Is bird song strictly a male behavior across male families? 
No, many bird species have females that also produce songs. 

Hallmarks of Mammalian Reproduction

Internal fertilization

Lactation Placentation

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…..



Social Costs

risk of rejection 
mate jealousy 
loss of reputation 
social ostracisms if norms broken 
sexual exploitation of women and children

Health Costs of a Broken Heart?

Broken Heart Syndrome 

Tako Tsubo 
Cardiomyopathy

Takotsubo Cardiomyopathy was first described in Japan in 1990 and  in the 
United States in 1998. It was named after an octopus trap (“tako-tsubo”) due to 
the shape of the trap being similar to the appearance of the left ventricular (LV) 
apical ballooning that occurs in this condition.  
Stress Cardiomyopathy 
Broken-Heart Syndrome 

Hallmarks of Takotsubo Cardiomyopathy: 
Acute onset of chest pain or dyspnea 
Triggered by emotional or physical stress 
Transient apical and mid-ventricular regional wall-motion abnormality 
Minor elevation of cardiac biomarkers 
Dynamic electrocardiographic change suggestive of an anterior wall MI 
The absence of epicardial coronary artery disease 

Accounts for up to 2% of suspected ACS cases1 
In 2000, there were only 2 publications2 
In 2010, there were nearly 300 publications2 
Who is most likely to get it?3 
80 – 100% of cases are in women 



The average age is between 61 – 76 years 
There is no evidence to suggest familial inheritance. 

The basic cause is still being debated with much focus on the autonomic 
nervous system 
85% of cases are triggered by an emotional or physical stressful event 
Specifically, excess adrenaline is thought to cause this condition 

How is it diagnosed? 
On angiography of the coronary arteries and the left ventricle with dye, there is 
apical LV dilatation with no evidence coronary artery disease which would 
account for LV dysfunction. 
What is the most common ECG change that can occur? 

Nearly all patients have complete recovery back to normal after several days 
The chance of another episode is very low, even with future stressful events2 
The in-hospital mortality is 0 – 8%7 
The largest patient series of 88 patients had an overall in-hospital mortality rate 
of 1%1 
Take home point 

Takotsubo cardiomyopathy is a syndrome of transient dysfunction of the apical 
left ventricle, triggered by emotional or physical stress, which can present similar 
to acute myocardial infarction but is not clinically distinguishable in the 
emergency department. 
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Costs of Gestation and birth

immune costs 
energetic costs 
health costs  
obstetric costs 
economic cost

Different estimate from Smart asset. com 2019: While the exact costs of childbirth range 
anywhere in between $4,000 – $20,000, we’ll look at the two states with the highest and 
lowest childbirth costs. 
The cost of a vaginal delivery with insurance in Alaska is $10,681, whereas the costs without 
insurance total at $19,775, according to Fair Health data. The state with the lowest childbirth 
costs is Alabama. In Alabama, a vaginal delivery with insurance costs $4,884. A delivery 
without insurance, however, costs $9,013. C-section deliveries, with or without insurance, for 
each state enhance your final costs significantly.

Costs of Gestation and birth

Vaginal birth  
5000.- to 30,000.-$

C-section 
12,000 to 50,000.-$

The average total price charged for pregnancy and newborn care was about $30,000 for a 
vaginal delivery and $50,000 for a C-section, with commercial insurers paying out an average 
of $18,329 and $27,866 (Slate Magazine 2013). 
Different estimate from Smart asset. com 2019: While the exact costs of childbirth range 
anywhere in between $4,000 – $20,000, we’ll look at the two states with the highest and 
lowest childbirth costs. 
The cost of a vaginal delivery with insurance in Alaska is $10,681, whereas the costs without 
insurance total at $19,775, according to Fair Health data. The state with the lowest childbirth 
costs is Alabama. In Alabama, a vaginal delivery with insurance costs $4,884. A delivery 
without insurance, however, costs $9,013. C-section deliveries, with or without insurance, for 
each state enhance your final costs significantly.

Costs of birth  and ….

The average price charged for male circumcision in the USA  is ~ 2000.-$.

Pro: reduced rates of sexually transmitted infections. 
Con: unnecessary mutilation done without consent of the infant.



Costs of Lactation

Dunnsworth et al. Metabolic hypothesis for human altriciality PNAS 2012

Required maternal energy expenditure for a fetus developmentally similar to a 
chimpanzee newborn (7-mo-old infant; symbol with asterisk) would entail 
maternal energy requirements greater than 2.1x BMR.

Metabolic constraint on gestation length and fetal size. Fetal energy demands (black circles, kcal/d) increase 
exponentially during gestation. Maternal energy expenditure (gray squares) rises during the first two trimesters 
but reaches a metabolic ceiling in the third, as total energy requirements approach 2.0× BMR. Projected fetal 
energy requirements for growth beyond 9 mo (dashed line) quickly exceed the maximum sustainable metabolic 
rates for human mothers. After parturition (arrow), infant energy demands (black circles) increase more slowly, 
and maternal energy requirements do not exceed 2.1× BMR. But maternal energy expenditure remain very 
high for longer than they did during gestation: Feeding the baby is even more costly than making it. Required 
maternal energy expenditure for a fetus developmentally similar to a chimpanzee newborn (7-mo-old infant; 
symbol with asterisk) would entail maternal energy requirements greater than 2.1x BMR.

Cost of Contraception
Birth control pills cost between $0–$50 a month.  

They can be totally free with most health insurance plans, or if you qualify for some government programs.

California provides birth control without a doctor's prescription, but, in turn, a pharmacist must be trained to 
write the prescription. The service, which was created to ease accessibility to contraceptives is flawed. 
Pharmacists are not compensated for this, thus not all pharmacies in the state offer it. 

Emergency contraception is available at Planned Parenthood clinics and online. They can cost anywhere 
between $25 to $50, although a woman must get a doctor’s prescription to have insurance cover part of the 
cost. Over-the-counter methods are also available in most pharmacies, but they are not covered by insurance 
and may not be effective for individuals with a high BMI 

Determining the precise cost of sex is mired with difficulties.

Summary

Biologist can make simplifying assumptions and try to model cost under different 
scenarios: isogamy, anisogamy, facultative or obligate sexual reproduction.

Biologist have long overlooked the huge importance of the human cultural niche: 
beliefs, norms, language, reputation.

Given that most sex is non-reproductive, unintended pregnancy forms one 
of the biggest costs of sex in humans, especially for women.

In mammals, many additional costs fall disproportionately on the female, including 
gestation, birthing and lactation.

There can be many social costs of sex, both reproductive and non-reproductive.

In humans these include male-made cultural norms, often with blatant double 
standards more favorable to men.


