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Size of egg and sperm cell



Differences of the sizes of egg and sperm cells ς anisogamy 
(DEF: reproduction by fusion of dissimilar gametes)

the basis of sex and two sexes



X-ray of a kiwi (Apteryxύ ǎƘƻǿǎ ǘƘŜ ōƛǊŘΩǎ ŜƴƻǊƳƻǳǎ ŜƎƎΣ 
ƛǘ ǿŜƛƎƘǎ нр ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ŦŜƳŀƭŜΩǎ ōƻŘȅ ǿŜƛƎƘǘ



Differencesin investmentsof femalesandmales

anisogamy:

sexual reproductionby the fusionof two
dissimilargametes

disruptiveselectionon gametesizefavours:

Å smallgametes: high numberincreases
reproductiveproductivity

Å large gametes: fewer but amountof provided
resourcesincreaseszygotesurvival

Zuk and Simmons 2018. Sexual Selection



Components of natural selection that may affect the fitness of a sexually reproducing 
organism over the life cycle



The DescentOf Man

Sexual selection

ά{ŜȄǳŀƭ ǎŜƭŜŎǘƛƻƴ Χ ŘŜǇŜƴŘǎΣ not on a 
struggle for existence, but on a struggle 
between males for possession of the 
females; the result is not the death of the 
unsuccessful competitor, but few or no 
ƻŦŦǎǇǊƛƴƎέ 
  (Darwin 1859, p.88)

A form of natural selectionin which selection
operateson traits that contribute to an 
ƻǊƎŀƴƛƳΨǎmatingsuccess.



Sexual selection

Å Intra sexual Selection (usually males fighting with other 

males for access/copulations to females)

Å Inter sexual Selection (mate choice usually female choice)



Mechanisms of sexual selection 

LƴǘŜǊǎŜȄǳŀƭ ǎŜƭŜŎǘƛƻƴ

Å ƳŀǘŜŎƘƻƛŎŜ

Å ŜǾƻƭǳǘƛƻƴƻŦƻǊƴŀƳŜƴǘǎ

LƴǘǊŀǎŜȄǳŀƭǎŜƭŜŎǘƛƻƴ

Å ŎƻƳǇŜǘƛǘƛƻƴκ 

Å ŜǾƻƭǳǘƛƻƴƻŦǿŜŀǇƻƴǎ

Å aggression

Å advertisement

Å spermcompetition

direct
benefits

Å sensorybias

Å sexy son

Å goodgenes

indirect
benefits

Sexual conflict



aŜŎƘŀƴƛǎƳǎ ƻŦ ǎŜȄǳŀƭ ǎŜƭŜŎǘƛƻƴ 

LƴǘŜǊǎŜȄǳŀƭ ǎŜƭŜŎǘƛƻƴΥ {ŜȄȅ ǎƻƴǎŀƴŘǊǳƴŀǿŀȅǎŜȄǳŀƭ ǎŜƭŜŎǘƛƻƴ

If an exaggerated male trait has a 
genetic basis; and the female 

preference for such trait also has 
a genetic basis; then linkage 

disequilibrium will develop and 
there will be runaway selection

Futuyma 2013. Evolution
Ronald A. Fisher



Mechanisms of sexual selection 

Intersexual selection: Sexy sonsandrunawaysexual selection

CǳǘǳȅƳŀ нлмоΦ 9Ǿƻƭǳǘƛƻƴ
wƻƴŀƭŘ !Φ CƛǎƘŜǊ

Futuyma 2013. Evolution
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Mechanisms of sexual selection 

Females do choose mates based on secondary sex traits

Malte Andersson

Andersson M. 1982



A male long-tailed widowbird in flight



Femaleschosematesbasedon secondarysex traits



Effects of experimental alterations of tail length on mating success



      

     Genetic benefits

Mating partner: 



      

!ǘǘǊŀŎǘƛǾŜ ǎƻƴǎΥ 

aŀǘƛƴƎ ǇŀǊǘƴŜǊΥ 



Mechanisms of sexual selection 

Intersexual selection: Goodgenes

Futuyma 2013. EvolutionFutuyma 2013. Evolution18CǳǘǳȅƳŀ нлмоΦ 9Ǿƻƭǳǘƛƻƴ

hŦŦǎǇǊƛƴƎ ǿƛƭƭ ƛƴƘŜǊƛǘ άƎƻƻŘ ƎŜƴŜǎέ
¢ƘŜ ǇǊŜŦŜǊǊŜŘ ǘǊŀƛǘ ƛǎ ŀ ŎƻƴŘƛǘƛƻƴπŘŜǇŜƴŘŜƴǘ ƛƴŘƛŎŀǘƻǊ ƻŦ ŦƛǘƴŜǎǎ
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Evidence for the ñgood genesò hypothesis of female choice



aŜŎƘŀƴƛǎƳǎ ƻŦ ǎŜȄǳŀƭ ǎŜƭŜŎǘƛƻƴ 

Intersexual selection: Goodgenes

Futuyma 2013. EvolutionFutuyma 2013. Evolution20Futuyma 2013. Evolution

Resource acquisition
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Thus, the CDT2Σ ǘƘŜ ŦŜƳŀƭŜǎΩ ǇǊŜŦŜǊŜƴŎŜ P2 and the good allele B get linked

hŦŦǎǇǊƛƴƎ ǿƛƭƭ ƛƴƘŜǊƛǘ άƎƻƻŘ ƎŜƴŜǎέ
The preferred trait is a condition-dependent indicator of fitness



aŜŎƘŀƴƛǎƳǎ ƻŦ ǎŜȄǳŀƭ ǎŜƭŜŎǘƛƻƴ 

LƴǘŜǊǎŜȄǳŀƭ ǎŜƭŜŎǘƛƻƴΥ {ŜƴǎƻǊȅōƛŀǎ

Å Animals have finely tuned sensory 
systems (e.g. colour vision)

Å These sensory modalities can also be 
important for finding mates

Å E.g., if a female has a trait helping her 
to find food, such as the perception of 
a certain colour, males exhibiting this 
colour will have an advantage over 
males that do not.

Sensory bias: 

Female sensitivity to a particular signal, 
exploited by males in the context of 
sexual selection.



Evolution of male color pattern in experimental populations of 

guppies (conflicting selection, costs, trade-offs)

Orange spots



Tungara frog



Stan Rand



{ǘŀƴ wŀƴŘ ŀƴŘ aƛƪŜ wȅŀƴ



aŀǘƛƴƎ ǎǳŎŎŜǎǎ ƛƴ ǘǳƴƎŀǊŀ ŦǊƻƎǎ



Wines - Chucks



Wines - Chucks





Symmetry and beauty
A.P. Møller, barn swallows



MHC smell T-shirt study (Claus Wedekind 1995)







The history of Sexual Selection Theory

Angus Bateman

.ŀǘŜƳŀƴ !Φ мфпу

.ŀǘŜƳŀƴtǊƛƴŎƛǇƭŜΥ
²ƛǘƘƛƴπǎŜȄ ǾŀǊƛŀǘƛƻƴ ƛƴ ƳŀǘƛƴƎ ǎǳŎŎŜǎǎ Ƴŀȅ ŘǊƛǾŜ ǾŀǊƛŀǘƛƻƴ ƛƴ 
ǊŜǇǊƻŘǳŎǘƛǾŜ ǎǳŎŎŜǎǎΦ 
±ŀǊƛŀǘƛƻƴ ƛƴ ǊŜǇǊƻŘǳŎǘƛǾŜǎǳŎŎŜǎǎƛǎƎǊŜŀǘŜǊƛƴ ƳŀƭŜǎǘƘŀƴƛƴ ŦŜƳŀƭŜǎΦ



Sexual selectionandmatingsystems

So far we have focused on sexual selection acting on males

And we made reference that male mating success is more variable



   Direct benefits

Fertility insurance

Acquisition of nutrients

Paternal care

    Indirect benefits

Genetic diversity

Genetic compatibility

Genetic quality

Adaptive hypotheses for polyandry

            φ ²Ƙȅ ǎƘƻǳƭŘ ŦŜƳŀƭŜǎ ƳŀǘŜ ǿƛǘƘ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ƳŀƭŜΚ



Mechanisms of sexual selection 

LƴǘŜǊǎŜȄǳŀƭ ǎŜƭŜŎǘƛƻƴ

Å ƳŀǘŜŎƘƻƛŎŜ

Å ŜǾƻƭǳǘƛƻƴƻŦƻǊƴŀƳŜƴǘǎ

LƴǘǊŀǎŜȄǳŀƭǎŜƭŜŎǘƛƻƴ

Å ŎƻƳǇŜǘƛǘƛƻƴκ 

Å ŜǾƻƭǳǘƛƻƴƻŦǿŜŀǇƻƴǎ

Å aggression

Å advertisement

Å spermcompetition

direct
benefits

Å sensorybias

Å sexy son

Å goodgenes

indirect
benefits

Sexual conflict



aŜŎƘŀƴƛǎƳǎ ƻŦ ǎŜȄǳŀƭ ǎŜƭŜŎǘƛƻƴ 

{ŜȄǳŀƭ ŎƻƴŦƭƛŎǘΥ ŎƘŀǎŜŀǿŀȅǎŜȄǳŀƭ ǎŜƭŜŎǘƛƻƴ
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Coercive copulation can result in the coevolution of complex copulatory organs

Futuyma 2013. Evolution; Brennas et al. 2007. PLoS one

elaborations included a variable number of blind ending pouches

proximal to the cloaca, and a variable number of clockwise spirals

ending at the shell gland (or uterus) (Figure 1). Pouches areóódead

endôôside cavities in the vaginal lumen that cannot be eliminated

by longitudinal elongation of the vagina. Pouches are located in

the distal end of the vagina, close to the cloaca, and varied in

number from0ï3among species. Spiralsare full 360utwists in the

vagina that can be eliminated with elongation of the oviduct, and

are found at the cranial end of the vagina always ending at the

shell gland. Spiralsvaried in number from0ï8among species. The

magnitude of vaginal elaboration we found in waterfowl is

surprising because no variations in vaginal morphology have been

previously reported in birds despite decades of anatomical

research on avian oviducts [23,24].

Although the mechanics of copulation in birds with phalluses

have not been studied, eversion of the male phallus occursduring,

not prior to, cloacal contact (P. Brennan, pers. obs.). Thus, the

shape and location of the vaginal pouchessuggests that they might

prevent the phallus from fully everting, and therefore from

depositing sperm further inside the vagina. Our observations

indicate that these pouches do not function in sperm storage:

examination of the mucosal folds inside the vagina of Pekin duck

(domestic Anas plathyrhynchos), Long-tailed duck (Clangula hyemalis),

Widgeon (A. americana), Green-winged Teal (A. carolinensis) and

African goose (Anser cygnoides) revealed sperm storage tubules

(SSTs) only in the utero-vaginal junction, where they occur in all

other avian species [25], and none inside the vaginal pouches

(Figure 1). Sperm deposited in the vaginal pouchesproximal to the

cloaca would have a longer distance to travel to fertilize an ovum

and may be more easily ejected by the female [26].

Congruent with previous descriptions [27], the phallus of all

waterfowl species we examined spiralled in a counter-clockwise

direction (viewed from the base of the phallus to the tip) (Figure 2),

but the vaginal spirals we discovered were coiled in the opposite

direction (moving from the cloaca to the shell gland)(Figure 2).

Overall, the anatomy of these complex waterfowl vaginas suggests

that pouches and spirals are anatomical barriers that function to

exclude the male phallus. If this is the case, we would expect that

male and female genital structures would have coevolved so that

Figure 1. Avian vaginal morphology. (A) Typical tubular avian vagina
from domestic Pheasant (Phasianus colchicus) (connective tissue
removed). Note the lack of any elaborations. (B) Vagina (V) of Pekin
duck (domestic Anas plathyrhynchos) (connective tissue removed). Note
the complexity of the structure. (C) Longitudinal dissection of Pekin
Duck vagina showing structural complexity. Pockets (*) are closer to the
cloaca (Cl) and their lumen in shown between the traces lines. Spirals
(white arrows) are closer to the uterus (or shell gland) (U). S.S.= Area of
sperm storage tubules. (Scale bar in all pictures= 2 cm).
doi:10.1371/journal.pone.0000418.g001

Figure 2. Examples of genital covariation in waterfowl. (A) Harlequin
duck (Histrionicus histrionicus) and (B) African goose (Anser cygnoides),
two species with a short phallus and no forced copulations, in which
females have simple vaginas as in Fig 1a. (C) Long-tailed duck (Clangula
hyemalis), and (D) Mallard Anas platyrhynchos two species with a long
phallus and high levels of forced copulations, in which females have
very elaborate vaginas (size bars= 2 cm). ] = Phallus, * = Testis, w = Mus-
cular base of the male phallus, x = upper and lower limits of the vagina.
doi:10.1371/journal.pone.0000418.g002
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https://www.youtube.com/watch?v=6k01DIVDJlY

https://www.youtube.com/watch?v=6k01DIVDJlY


Mechanisms of sexual selection 

Sexual conflict: chaseawaysexual selection

CǳǘǳȅƳŀ нлмоΦ 9ǾƻƭǳǘƛƻƴΤ .ǊŜƴƴŀǎ Ŝǘ ŀƭΦ нллтΦ t[ƻ{ ƻƴŜ

{ŜƳƛƴŀƭ ŦƭǳƛŘǎ ƻŦ ƳŀƭŜǎ 5ǊƻǎƻǇƘƛƭŀ ŀŦŦŜŎǘ ǎǳǊǾƛǾŀƭ ǇǊƻōŀōƛƭƛǘȅ ƻƴ ŦŜƳŀƭŜǎ



Summary and take-home messages ς sexual selection

ÅSexual selection is a component of natural selection, in 
which mating success trades off with survival 

ÅContest and competition can explain much of the variation 
in weaponry and sexual dimorphism

ÅMate choice can explain the evolution of exaggerated 
traits, but the specific mechanisms are not clear yet  

Å/ƻƴŦƭƛŎǘ ōŜǘǿŜŜƴ ƳŀƭŜǎΩ ŀƴŘ ŦŜƳŀƭŜǎΩ ƛƴǘŜǊŜǎǘ Ƴŀȅ ŘǊƛǾŜ ŀ 
run-away (Fisherian) sexual selection process

Stearns S. Life History Evolution. Open Yale 



Mating systems

ÅA conglomeration of characteristics of populations 
and individuals that affect reproduction

ÅMales can produce lots of sperm almost continuously

ÅWhy would a male want only one female?

ÅMonogamy is (often) not best for a male

ÅFemales often need help in raising offspring, so 
monogamy can be good for her

ÅIntersexual conflict

Mating systems



Mating systems

ÅMonogamy: each sex has one partner

(for a breeding season or a life time) 

Å Polyandry: a female mates with several males

(while males mate with only one female)

Å Polygyny: a male mates with several females

(while females each mate with only one male)

Å Polygamy: each sex may have several partners

(mixture of polygyny and polyandry)

Mating systems



ÅIndividual attributes:

ïnumber of mates per individual 

ïmonogamy 
Årelatively rare (but most birds are monogamous - at least appear 

to be; 5-10% of mammals, only 20% of native  human 
populations)

ïpolygyny - common
Åpolyandry (very rare - but, Iôve given some examples before)

ïmate location tactics

ïreproductive competition

ïmate choice

Mating systems



ÅPopulation attributes:

ïdistribution of populations

Åeven vs. clumped

Åaffects mate location tactics

ïsex ratio

Åpopulation vs. operational  OSR Nm/Nf 

 (>1 = more males than females)

Åaffects male competition

Mating systems



пр

ÅCategories of mating systems based on number of 

mates per individualé

ïMonogamy:

ÅPair bonding

ïmore or less long-term

ïbased on individual recognition

ÅExclusive sexual access 

ïbut with (extra pair copulations) EPC in many species

ïsubstantial cuckoldry occurs in many bird species (+/-30%)

ÅCooperation in parental care

Mating systems
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Mating systems

Monogamy in Birds



Sexual selectionandmatingsystems

Mating system: 

The mean and variance of the number of males that contribute genes to the 
offspring of the average female and vice versa.

ǇƻƭȅƎŀƳȅ ƳƻƴƻƎŀƳȅ

polygyny polyandry



Sexual selectionandmatingsystems

Monogamy: 

A type of mating system where an individual of one sex has only one mating partner of the 
opposite sex during its lifetime, or alternatively during one breeding period.

Mutual sexual selection: both ǎŜȄŜǎ ǇǊƻŦƛǘ ŦƻǊ άƘƛƎƘƭȅέ Ŧƛǘ ƳŀǘŜǎ ŀƴŘ 
are ornamented: -> no sexual dimorphism expected

      



Sexual selectionandmatingsystems

tƻƭȅƎŀƳȅΥ 

! ǘȅǇŜ ƻŦ ƳŀǘƛƴƎ ǎȅǎǘŜƳ ǿƘŜǊŜ ƻƴŜ ƛƴŘƛǾƛŘǳŀƭ ƻŦ ƻƴŜ ǎŜȄ Ƙŀǎ ŀŎŎŜǎǎ ǘƻ ƳǳƭǘƛǇƭŜ 
ƳŀǘƛƴƎ ǇŀǊǘƴŜǊǎ ƻŦ ǘƘŜ ƻǇǇƻǎƛǘŜ ǎŜȄΦ



{ŜȄǳŀƭ ǎŜƭŜŎǘƛƻƴŀƴŘƳŀǘƛƴƎǎȅǎǘŜƳǎ

Polygamy should be more common in species where:

1. Parental care is minimal 

2. One parent assumes all parental duties

3. Abundant resources that allow that only one parent can rear 

offspring



(A) Display by a male greater sage grouse on a lek (Centrocercus urophasianus). 
(B) Atlantic puffins (Fratercula arctica) are sexually monomorphic that form pair-

bonds



Sexual selectionandmatingsystems

Ecological factors that affect mating systems:

 

Å Spatial distribution of resources

Å Temporal availability of mates

ÅOperational sex ratio (OSR)



Gordon hǊƛŀƴΩǎ polygyny threshold model



!ǊŜ ŘƛŦŦŜǊŜƴǘ ǇǊƛƳŀǘŜ ǎǇŜŎƛŜǎ ƳƻƴƻƎŀƳƻǳǎ ƻǊ ǇƻƭȅƎŀƳƻǳǎΚ
 ǊŜƭŀǘƛǾŜ ǘŜǎǘŜǎ ǎƛȊŜ ǇǊŜŘƛŎǘ ǘƘƛǎ  



{ŜȄǳŀƭ ǎŜƭŜŎǘƛƻƴŀƴŘƳŀǘƛƴƎǎȅǎǘŜƳǎ

άΧǘƘŀǘ ǎƻƳŜ ǊŜƭŀǘƛƻƴ ŜȄƛǎǘ ōŜǘǿŜŜƴ ǇƻƭȅƎŀƳȅ ŀƴŘ ǘƘŜ 
development of secondary sexual characters appears 

ƴŜŀǊƭȅ ŎŜǊǘŀƛƴέ

.ǳǘΧ
the variance in mating success does not determine the 
degree of selection on sexual traits, 
but the relative effect of those traits in mating success 
does.

Probably sexual dimorphism is the consequence of the 
different roles of males and females in polygamous 
mating systems.



Sexual selectionandmatingsystems

Ecological factors that affect mating systems:

 

Å Spatial distribution of resources

Å Temporal availability of mates

Elmen and Oring 1977. Science



{ŜȄ ǊƻƭŜ ǊŜǾŜǊǎŀƭ

Jacana           seahorses





Book quiz:

Name the two species that are sex-role reversed 
that were discussed in this lecture:

Send answer to:

axel.meyer@uni-Konstanz.de



Direct, indirect, and inclusive fitness > kin selection



Altruism does not work because of cheaters
(individual selection is stronger than group selection)

altruismus is rare (reciprocal altruism needs explanation)



¢ƘŜ ǎŜƭŦƛǎƘ ƘŜǊŘ



5ƛǊŜŎǘΣ ƛƴŘƛǊŜŎǘ ŀƴŘ ƛƴŎƭǳǎƛǾŜ ŦƛǘƴŜǎǎ Ҕ ƪƛƴ ǎŜƭŜŎǘƛƻƴ



Calculating the
Coefficient of relatedness - r



Belding s ground squirrel

.ŜƭŘƛƴƎΩǎ ƎǊƻǳƴŘ ǎǉǳƛǊǊŜƭǎ ǇǊƻŘǳŎŜ ŀǘ ƭŜŀǎǘ two distinct alarm call types:
Whistles τ high-pitched, given for immediate aerial threats (e.g., hawks).
Trills/Chirrs τ series of notes for terrestrial predators, less immediate threats.
Listeners respond with context-appropriate antipredator behavior (burrow escape vs vigilance).



Belding s ground squirrel: females give more alarm calls than males
The demography of a free-living population in California was studied using mark-recapture techniques over 11 consecutive field seasons
Results indicated that the 7τ8 month hibernation period (OctoberτMay) is the most hazardous time, when 66 to 70% of juveniles and 36 to 39% of adults disappear. 
Late season snowstorms can also greatly increase mortality, especially among females. 

Males that survived their first winter were recaptured for an additional 1.1 years vs. 1.6 years for females. 
In general, females live twice as long as males. Few males lived more than 6 years, whereas some females lived more than 11 years; 
as a result the sex of ratio of the adult population was femaleτbiased, especially among the older population



Belding's ground squirrels live in 
anepotisticsociety where most interactions 
occur between females, their offspring, and 
collateral kin. Females are philopatric and spend 
their lives in the area where they were born, 
whereas males begin dispersing 2 months after 
weaning and the following spring, and they 
never return to their natal area. Females 
cooperate to defend territories, protect pups 
from infanticide, share feeding areas, and give 
alarm calls when predators approach. 
Cooperation between females correlates with 
their degree of relatedness. Ground squirrels 
recognize their kin by comparing their own odor 
phenotypes and those of littermates with odors 
of squirrels they encounter

.ŜƭŘƛƴƎΩǎ ƎǊƻǳƴŘ ǎǉǳƛǊǊŜƭǎ ŀǊŜ ŀƴ ŜȄŀƳǇƭŜ ƻŦ ŀƭǘǊǳƛǎǘƛŎ ōŜƘŀǾƛƻǊ ŜȄǇƭŀƛƴŜŘ ōȅ ƛƴŎƭǳǎƛǾŜ ŦƛǘƴŜǎǎ 
ōŜŎŀǳǎŜ ǘƘŜƛǊ ŀƭŀǊƳ Ŏŀƭƭǎ Ŏŀƴ ǿŀǊƴ ǊŜƭŀǘƛǾŜǎ ƻŦ ǇǊŜŘŀǘƻǊǎ 

tŀǳƭ {ƘŜǊƳŀƴ мфтт {ŎƛŜƴŎŜ

https://en.wikipedia.org/wiki/Nepotistic


Belding s ground squirrel: Selective  cooperation (links) 
and differences between females and males (right)  

Generally true: in mammals males disperse further from birthplace
In birds females disperse further than males


