
1

5. Sexual conflict and sexual selection
A.J. Bateman (1948) put equal numbers of male and female fruit flies (Drosophila melanogaster) in bottles and 
counted the number of matings and the number of offspring produced by each individual. The males’ reproductive 
advantage (number of offspring) went up with the number of matings, while for females it did not go up. 

Bateman concluded that males’ reproductive success is limited by access to females (more matings resulted in more 
offspring), while females are limited by resources (not by matings). Thus, males should maximise mating success 
(quantity), while females should maximise quality. This is the basis of the conflict of the sexes. With few exceptions, it 
is nearly universally found in all bisexual organisms, i.e. anisogamous organisms (females produce large, costly eggs and 
males small sperm). 

" Where one sex invests more than the other, members of the latter will compete among 
themselves to mate with members of the former".
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Sexual conflict and sexual selection

A plot of reproductive success 
versus genetic mating success 
for bank voles, showing the 
Bateman gradient for males 
(black points and solid lines) 
and females (grey points and 

dashed lines).

Milles et al 2007
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In polygamous or promiscuous species males have a higher potential reproductive rate than females.

Maximum number offspring
Males Females

Elephant seal 100 8
Red deer 24 14
Man 888 (Harem) 69 *

*(27 Pregnancies)

Krebs, J. & Davies, N. 1993

Sexual conflict: Potential reproductive rate
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Who provides what to the offspring?

Investment Males Females

Genes Half of genes Half of genes

Gametes Small sperm Large eggs

Embryo provisioning Normally none None - a lot 

Offspring care Normally nothing, 
sometimes a lot None - a lot

In most (but not all!) cases, females provide most resources to the offspring! Therefore,
1. females should be choosy and males should compete for females. (To be 
precise: The sex with a lower variance in reproductive success should be choosy).
2. sex specific traits should evolve which maximize the success of each sex.
3. parental care should evolve when it increases the reproductive success. 
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Sex dimorphism
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Sexual conflict and sexual selection
Selection for traits which are solely concerned with increasing mating/fertilisation success is usually 
referred to as sexual selection. It works in different forms which are not exclusive: (After G. Parker)

Pre-copulatory Post-copulatory

Intra-sexual selection:
Favouring the ability of one 
sex (usually males) to 
compete directly with one 
another for fertilisation 

Male – male competition (e.g. 
fighting among males)

Sperm competition 
(sperm (actually ejaculates) 
compete to fertilize eggs)

Inter-sexual selection:
Favouring traits in one sex 
which attract the other 

Female choice 
(e.g. Females may choose 
largest males, males 
with prettier 
tail feathers,
…)

Sperm
selection 
(cryptic 
female 
choice)
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Sexual conflict and sexual selection

Sexual selection seems to be very resource consuming (much effort spend in fighting or maintaining 
territories, time and energy spent displaying, etc. )

Why is there sexual selection?    1. Non-genetic benefits: good resources and parental ability.

Male bull frogs defend 
territories in ponds where 
females come to lay eggs. 
Territories differ in 
quality and females prefer 
the better territories with 
lower chance of predation 
by leeches. Male frogs 
fight strongly to obtain 
large territories in ponds 
with low predation risk. 
These males will have the 
highest reproductive 
success.  
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Sexual conflict and sexual selection

Why is there sexual selection?  2.  Genetic benefits. Some males have 'better' genes than others. 
Females may improve the quality of their offspring by choosing males with good genes. 

Better genes or better environment?
The problem is that these two hypotheses are difficult to 
disentangle in most systems. The territory holding bull 
frogs in the previous example may have had better 
genes to start with and therefore got better territories 
which made them preferable mating partners. As a 
consequence, the females’ offspring got 'better' genes.

If this hypothesis is correct, females which are able to choose 
their mates will produce better offspring than females which 
have no choice. Linda Partridge tested this with Drosophila 
and found that flies which were given a chance to select their 
mates, consistently had better offspring then flies without a 
choice. 

Courtship of Drosophila
Note: Female choice may also be the result of males manipulating 
females. In this case it is good for the manipulating male, but not 
for the female.



Sexual conflict and sexual selection
Sometimes females select males with rather odd traits which appear to be of rather low adaptive value. Why 
do peacocks have large tails, or long-tailed widow birds such long tails? What is the value of these 
ornaments? Some of them may have evolved for use in contests between males (e.g. antlers in Red deer), 
but others have most certainly evolved as a result of selection by females for genetic benefits. The leading 
hypothesis explaining their evolution is the “Zahavi handicap hypothesis”.

Amos Zahavi (Tel Aviv University) suggested that ornaments are a handicap in day-to-day survival and that 
females choose these elaborate ornaments because they are handicaps. He assumes that handicaps are reliable 
signals for males’ genetic quality. The elaborate ornament demonstrates a male's ability to survive in spite of 
the handicap which means he must be extra good in other aspects. The signal must be honest to keep the 
process working, otherwise cheaters would produce the signal as well. If it is a true handicap, only males 
being in really good shape (having good genes) can display it. Good genes are good genes for survival and 
reproduction. 

The best studied version of the handicap hypothesis is the idea that sexual displays are reliable indicators of 
genetic resistance to infectious diseases (Bill Hamilton & Marlene Zuk 1982). If males are only able to show 
their fully developed ornaments when they are free of diseases. Females, by choosing for elaborate display, 
might select for resistance genes. This hypothesis is attractive because:  
A) infectious diseases are very common in nature, 
B) parasites and pathogens evolve new virulence genes and thus continuously present new selective hurdles. 

10
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Sexual conflict and sexual selection
Handicaps and parasites. An example of the Hamilton - Zuk hypothesis:

- Male swallows with longer tails are more successful in attracting females.
- Males with longer tails have fewer mites (not shown).
- Cross foster experiments showed that offspring parasite load was correlated

with those of the male parent. Thus, resistance to mites is heritable.
- Males with longer tails have offspring with fewer mites.

=> Females mating with males with longer tails have resistant offspring. 
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6. Mating systems
Mating systems:

Monogamy: A male and a female form a pair bond, 
either for a single breeding season or for a lifetime. 
Often both parents care for the eggs and young.

Polygyny: A male mates with several females while 
each female only mates with one male. Often, only the 
female cares for the young. (e.g. lions)

Polyandry: Reverse of polygyny. A female mates with 
several males while each male mates only once. Rare! 
Often, the males care for the young. 

Promiscuity: Both males and females mate several 
times with different individuals. Either sex may care for 
the young, but more often the female (e.g. chimps) does.

Kittiwake, 
Dreizehenmöwe
(monogamous)

Spotted Sandpiper

, 
Drosseluferläufer

(polyandric)

Mating systems and parental care coevolve!
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Example: Jacana males sit on the eggs and raise the chicks. 
A female has up to 4 males (polyandry) in her territory. 
Females fight for males and are unable to raise their own 
young.

Sometimes these general rules are reversed (sex-role reversal) and males are the main 
investors in offspring: here females are competitive and males are choosy. The sex with 
a lower variance in reproductive success should be choosy

6. Mating systems: Sex role reversal
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In the Australian Emu the males are courted by females. Females become physically more 
attractive, their plumage darkens and the small patches of bare, hairless skin on the head change 
colour. Males do most of the breeding and loose up to 9 kg weight during incubation.

6. Mating systems: Sex role reversal
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Males sea horses become pregnant!

Seahorses (Seepferdchen, Syngnathidae) have a broud pouch where they raise the young.

6. Mating systems: Sex role reversal
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Extreme mating system: Leks

In the sage grouse (Beifusshuhn) (Centrocercus urophasianus) a few males obtain most 
copulations. But males do not invest in paternal care.
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6. Mating systems: EPC
Extra-pair copulation (EPC) in red-winged blackbirds.

number of chicks raised by the females in this territory. The arrowheads point to the territory in which a 
male fertilised an egg (EPC), the numbers in the circle give the numbers of chicks fertilised by this male.  

Reproductive success of male 
red-winged blackbirds on a 
marsh in Canada, assessed 
with DNA markers (DNA 
paternity analysis). The 
fractions in each territory show 
the number of chicks sired by 
the resident male over the total

Rotschulterstärling (Agelaius phoeniceus)
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5 + 6. Sexual conflict, sexual selection, mating systems: 
Summary

1. Conflict lies in the heart of sexual reproduction. Males produce cheap sperm, 
females costly eggs. 

2. Males can increase their reproductive success by mating more often with females, 
females cannot. In many species males are selected to achieve many matings while 
females are selected to obtain high quality sperm to fertilise the eggs. 

3. The idea that the sex which invests most in the offspring is choosy is confirmed by 
studies on animals with sex-role reversal. In these animals males have the lower 
variance in reproductive success.

4. The main hypothesis to explain the evolution of elaborate sexual ornament is 
Zahavi's handicap hypothesis. A special version of Zahavi's handicap hypotheses is the 
Hamilton-Zuk hypothesis, which is based on coevolution with parasites. It gained wide 
spread support.  
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7. Kin selection and relatedness
Genetic recombination has the consequences that offspring differ from their parents and offspring differ among 
each other. We can quantify relatedness by calculating the the probability that a copy of a particular gene in a 
parent is to be present in one of its offspring. In diploid species, each parent contributes 50% of the genes to an 
offspring. The probability that a parent shares a gene with its offspring is 50%. This is called the coefficient of 
relatedness, denoted r. Likewise, one can calculate the probability that two brothers share a gene or that a 
grandmother shares genes with her grand-daughters. 

Examples: Each circle represent an individual. Arrows point from parents to offspring, thus each arrow indicates 
a meiosis, i.e. a 0.5 probability to pass a copy of a gene. For L generation links the combined probabilities for 
each path is (0.5)L. What is r among the black individuals?

Parent -
offspring
r = (0.5)1

Grandparent-grandchild
r = (0.5)2

r = 0.25

Fullsibs
r = 2 (0.5)2

r = 0.5
Halfsibs
r = 1 (0.5)2

r = 0.25

Cousins
r = 2 (0.5)4 

r = 0.125

A

B

A

C

A B

A B
A B
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Kin selection and altruism
Some animals help other animals. This is particularly obvious in cases of parents helping their 
offspring.This argument can be extended to any form of related individuals. 

Bill Hamilton suggested to use the
coefficient of relatedness, r quantify 
the benefits of helping relatives. 
This became known as 
Hamilton’s rule:

For further information see:
http://en.wikipedia.org/wiki/W._D._Hamilton
http://www.evolution.unibas.ch/hamilton/index.htm

William D. Hamilton, British biologists (1936 - 2000)

r B-C > 0

r  - relatedness
B - benefits 
C - costs
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Kin selection & Hamilton's rule
Hamilton realised that the true measure of the fitness of an individual is the number of copies of its genes in 
the gene pool of the population, disregarding whether the genes are located in its direct offspring or in its 
relatives. This is called inclusive fitness. 

Selection acting on inclusive fitness is called kin selection. It describes the process by which 
characteristics are favoured due to their beneficial effects on the survival of relatives, including direct relatives 
(descendants, such as offspring and grandchildren) or indirect (non-descendant) relatives, such as full- and 
half-siblings, nephews, and nieces and cousins). Kin selection explains altruism, i.e. helping, which is 
apparently disadvantageous to the helper.

Hamilton found that altruism can spread with the help of kin selection. 'Hamilton's rule'.

r B-C > 0
Where B = Benefits, C = Costs, r = coefficient of relatedness of donor to recipient.

Thus, altruistic behaviour will spread if the benefits in relation to the relatedness are higher than the costs. 
Example: A female (donor) helps her sister (recipient) raise offspring. The donor therefore can not have her 
own offspring, thus she has costs. Her sister will raise more offspring, because two females take care of them. 
The recipient’s offspring are related by 0.25 to the donor (nephews and nieces) while her own young would be 
related to her by 0.5. If a female can raise 2 offspring alone and 5 offspring in cooperation, it pays if one 
female gives up her own chances to reproduce. 

r = 0.5, B = 5, C = 2     (0.5 * 5) - 2 = 0.5 > 0
If helping her sister would only result in 3 offspring, it would not pay to help her:

r = 0.5, B = 3, C = 2     (0.5 * 3) - 2 = -0.5 < 0
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Kin selection & Altruism
Example: Belding's ground squirrels.

• Diurnal social rodent
• Lives in subalpine meadows in western USA.
• Males disperse after mating in spring.
• Females stay in colonies to rear the young.
• Females are usually surrounded by relatives.

Defence and territories: Closely related females (sisters, mother-offspring) seldom fight over nest 
burrows and seldom chase each other from territories. They cooperate to defend their young. 8% of 
their young were killed in fights, but all by non-related squirrels. These non-relatives tried to invade 
and take over territories. 

Alarm calls: Individuals also gave alarm calls whenever a coyote or a weasel approached. Callers 
are likely to suffer a cost from calling while other group members benefit from the alarm calls. 
Sherman found that females call when they are surrounded by close relatives, even when these were 
not their own offspring.  
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Kin selection & kin recognition
The problem of kin recognition: A problem of kin selection is that individuals need to know 
who is related to them. How does an animal know it is related to another individual?

Genetic mechanism: Recognize a gene you carry in other individuals. 'Green beard effect'.

Some simple rules may help to approximate the function of a genetic mechanism:

Treat anyone in my home as kin. Works in most birds. Seems to work in humans. In 
Belding's ground squirrels, young females did not fight when they were reared together, 
disregarding their true genetic relatedness. 

Imprinting during early development. Treat as kin those whom you experienced in the first 
days of life. Young geese become imprinted on the first animals they see after hatching from their 
eggs. 

Phenotypic matching. In some animals (e.g. ants, mice, possibly humans) individuals can 
smell their relatedness to other individuals. The more similar 2 individuals smell, the more likely 
they are related. This is also important in avoiding mating among relatives.



Altruism based on reciprocity 
Unrelated animals may cooperate in many aspects: Grooming, territory defence, feeding, alarm 
calls at the approach of predators and in interactions against other females in the group. It works 
because the donor and the recipient know each other well, recognise cheating and  have 
symmetric interests.  

Grooming is a very common form of altruistic behaviour.

Grooming otters
(Fischotter)

Grüne Meerkatzen
(Cercopithecus aethiops)

Vampirfledermaus 
(Desmodus rotundus) 

24
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Kin selection in social insects 
Altruism reached its highest level in social insects such as bees, ants and termites. Their 
evolution was a puzzle for a long time because it includes two unusual features: 
sterility of workers and specialization of workers into castes. 

Fire ants
Left: workers of 
different sizes
Right: Queen 
with workers

Left to right: Examples of castes
f: Soldier of Camponotus truncatus, blocking nest 
entrance with its plug-like head.
g: Sterile caste of termite Nasutitermes spec. with 
pistol like head to spray toxin on enemies. 
h: Worker ant of Myrmecocystus, which 
permanently lives in the nest as a living storage 
cask. 
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Kin selection in social insects
The highest level of social organisation is characterized by three features:
1. Cooperative care for offspring
2. Sterile castes. Eusocial insects
3. Overlapping generations.

Eusociality is found in Bees, wasps, ants (all in the Hymenoptera), termites and 
naked mole rats. 

There is a debate whether some social spiders are eusocial as well. Certainly they 
have also evolved a high degree of sociality.

Sterile castes can not be explained by ecological constraints as in the case of some 
other species with a highly developed system of sociality. The only mechanism 
which can explain this is the concept of 'inclusive fitness' and 'kin selection'. A 
close examination of the genetic relatedness within colonies of social insects 
reveals a high degree of relatedness, consistent with the idea that sociality is 
largely maintained through the benefits of inclusive fitness.
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Kin selection in social insects
Eusociality is mainly found in the Hymenoptera, which have 

an unusual genetic system. They are haplo-diploid.
Males develop from unfertilised eggs from the queen; they are haploid. All of the males’ sperm is identical 
(sperm is haploid). For daughters, the probability of sharing a gene with the father is 1. 
Females develop from fertilised eggs and so are diploid. The probability of sharing a gene with the mother is 
therefore 0.5. Males do not have a father!

1/2
1/2 1

1

Sister-sister 
relationship:
Half of a female's genes come from the father. The 
prob. that a copy of one of these is shared with a sister 
is 1. The other half comes from the mother, the prob. 
that a copy of one of these is shared is 0.5. Thus, on 
average, sisters share 75% of their genes, i.e.  r = 0.75.

1/2

1/2 1

Sister-brother 
relationship:
A sister is linked to her brother only through her 
mother, as the brother developed from unfertilised 
eggs. Half of her genes come from the father, half 
from the mother. The prob. that a copy of one of her 
genes is shared with her brother is 0.25. Thus, a sisters 
shares 25% of her genes with her brother, i.e.  r = 
0.25.

Thus, in haplo-diploid species sisters are closer related to each other than to their offspring! 
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Kin selection in social insects
With haplo-diploidy, sisters are more close related to each other than to their 
offspring!

Therefore, its more advantageous to care for sisters than it would to care for their own 
offspring. This was first recognised by W.D. Hamilton (1964).
As a logical consequence, sisters should care for sisters, but males should not. Males 
are only related by 0.25 to their sisters. Indeed, males do not become workers in 
social hymenoptera. 

In contrast, termite males and females develop from fertilised eggs and are equally 
related to each other. In termites, both sexes become workers. Relatedness is 
therefore 0.5. However, inbreeding (brother - sister mating) increases the relatedness 
to near 1.

The picture presented here is very simplified, but it captures the key feature of 
sociality in social insects.  
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Kin selection, inclusive fitness and altruism: 
Summary 

1. The true measure of fitness of an individual is the expected number of copies of its genes in the gene 
pool of the population, disregarding whether the genes are located in its direct offspring or in its relatives. 
This is called inclusive fitness.

2. Recombination leads to variation in the degree of relatedness among members in a population. Parents 
are usually 0.5 related to their offspring. Relatedness among offspring depends on the genetic system 
(diploid or haplo-diploid system) and on the family structure (e.g. halfsibs or fullsibs). 

3. Altruism is a form of behaviour in which the donor has no direct benefits from helping another 
individual. Donors have however, indirect benefits. These benefits came about either through: 

- inclusive fitness. Donor is related to recipients.  It is not subject to the evolution of cheating.

- reciprocal altruism: Donor helps in one case and receives help in another case. Requires repeated 
interactions and familiarity to work.  It is subject to the evolution of cheating. 

4. In social insects altruism reached its highest complexity. It is facilitated by high relatedness asymmetry. 
Donors and recipients are usually closely related. Haplo-diploid systems are a special form of genetic 
system which favoured the evolution of sociality in hymenoterans.


