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Differences of the sizes of egg and sperm cgdisisogamy
(DEF: reproduction by fusion of dissimilar gametes)
the basis of sex and two sexes
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Differencesan investmentsof femalesand males

Size of gametes

Size of gametes

anisogamy

sexualreproductionby the fusionof two
dissimilargametes

disruptiveselectionon gametesizefavours

A smallgametes highnumberincreases
reproductiveproductivity

A largegametesfewer but amountof provided
resourcesncreasexygotesurvival

Zukand Simmons 201&exual Selection



Components of natural selection that may affect the fithess of a sexually reprod

organism over the life cycle

ZYGOTES

1. Viability selection

5. Compatibility (survival of

clection individual organism)
GAMETES ADULTS
Females Males
4. Gametic
selection 2. Sexual selection
(mating success)
3. Fecundity PARENT

selection



TheDescentOf Man

Sexuakelection

G{ SEdzr f &aSf Soolichay
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
2FFaLINRA Yy I E

(Darwin 1859, p.88)

SELECTION IN RELATION TO SEX.

A form of natural selectionin which selection
operateson traits that contribute to an
2 NH | ymatidgaccess




Sexual selection

A Intrasexual Selection (usually males fighting with other
males for access/copulations to females)

A Inter sexual Selection (mate choice usually female choice)




Mechanisms of sexual selection
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Daughters’ mating preference
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Mechanisms of sexual selection

Intersexualselection Sexysonsandrunawaysexualselection
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Mechanisms of sexual selection

Females do choose mates based on secondary sex traits

© CALLE DE WET

Malte Andersson

AnderssorM. 1982
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Femalexhosematesbasedon secondarysextraits

Female choice in widowbirds

o Before

Fig. 7.5 Malte

1. Before manipulation no difference in
number of nests in males’ territories. ek

i r showing how male
tai Ierg:h in
2. After manipulation males with elongated el i d
- 1F influ f |
tails had more nests compared to all other cholte. s Betgs
i |
treatments. St
L there was no
. . . significant
3. Males with their tails shortened were not i e
less active in courtship nor were they more ol— — BB e mean number

g
. % . ] . ;g; of rge'sts per male
likely to give up their territories. g After terriory(a essure
B females attracted).
g’ BUﬂD.mZ After
4. Thus, the change must have been due to ¢ ’ o
g males with i

females choosing long-tailed males.

elongated tails
attracted more
females compared
to shortened-tail
males and controls.
The drawing
shows the male
display flight, After
Andersson {1982),
Reprinted with
permission from
the Nature
Publishing Group.

controls: cut and reattached = white
unmanipulated = pink s

Control Elongated
18 Tail treatment



Effects of experimental alterations of tail length on mating success

B 2F

Before treatment

Mean number of nests per male
p—

Shortened Cutand Unmanipulated Elongated
repasted tail (control)

After treatment

Mean number of new nests per male

Shortened Cutand Unmanipulated Elongated
repasted tail (control)
(control)

Treatment



Mating partner:

Genetic benefits
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Mechanisms of sexual selection

Intersexualselection Goodgenes
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Offspring infected by tapeworm (%)
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Intersexualselection Goodgenes
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The preferred trait is aondition-dependent indicatorof fithess

Resource acquisition

Thus,theCDTE (0 KS T SYI {PSidGhe hoNdalfetBNya linked
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A Animals have finely tuned sensory
systems (e.gcolourvision)

A These sensory modalities can also b
important for finding mates

A E.g., if a female has a trait helping h
to find food, such as the perception ¢
a certaincolour, males exhibiting this
colourwill have an advantage over
males that do not.

Sensory bias:

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



Evolution of male color pattern in experimental populations of
guppies (conflicting selection, costs, trade-offs)

Rivulus added

Spots per fish

[—
\S)

[W—
w—

[a—
-

\
\

No predator

/Crenzczchla added

~Predators

added at
6 months

0 10 20

Time (months)



@

. Tungara frog

o (-]
G
,J
“
° -
= o .
=
O ‘
o - Y
e L -




Stan Rand




[y wlyR F




al Ay 3 &iddyTENEIay

©
6y
[

o
~
|

©
w
1

Probability of mating
o
N
|
&

©
-
I

O|_5__L1|11|l1|1
23 24 25 26 27 28 29 30 31 32 33 34

Male size (mm)

32 EEMALE PREFERENCE FOR LARGE MALES in the tungara frog means
that the probability that a male will mate is positively correlated with his
size. Source: Ryan [817].



Wines- Chucks

Oscillograms of four calls of male
tungara frog

Futiivima ( 19G8)



Wines- Chucks

Kinds of calls given by male

tungera frog

(@) Spontaneous calls
300 1

v
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ot Chuck Chuck

(o) Chuck

(b) After taped whine
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Whine Whine Whine-
Chuck Chuck-
Chuck

Type of call

Freeman & Herron (1998)







Symmetry and beauty

A.P.Mgller, barn swallows

Asymmetrically Symmetrically
shortened re-attached control




Cdor intensity

MHC smell Bhirt study (ClaugVedekind1995)
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Human male odor and MHC types

Pleasantness of
male odors

Intensity of
male odors

87 P =0.03

¥ s

8 4 P =0.35

2 J
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MHC - type of men

Frequency (%)

“Reminds of mate/ex-mate”

Dissimilar Similar
MHC - type of men

Freeman & Herron (1988



Importance of physical attractiveness in mate choice

versus parasite prevalence in 29 human cultures

Importance of physical attractiveness

Parasite prevalence

Freeman & Herron (1988)
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Sexuakelectionand matingsystems

So far we have focused on sexual selection acting on males

And we made reference that male mating success is more variable

100 =
—Males _ °

§~ 80 [ M 120 Males Females
o : Fewer than 10% of the males] eag i

i numbe =
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: g0 QU gl
ks m ...while more than half the offspring z
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140 seals ranked in order of success




Adaptive hypotheses for polyandry
@ 2Keé akKz2dzZ R FSYIFIftSa YIiS 6A0K

Direct benefits
[ Fertility insurance
0 Acquisition of nutrients
[0 Paternal care

Indirect benefits
[ Genetic diversity
[ Genetic compatibility
[ Genetic quality




Mechanisms of sexual selection

/
y NS EABESOG A 2

A O2 Y LIS GAKEA 2

AN
'y (SENESHE S O A

A Yl OK2%0S

A So2ft azé 52 Y2

$

A aggression

A advertisement

A spermcompetition

ASP2¢ GENYY Y

|
direct indirect
benefits benefits

A sensonybids
A sexyson

A goodgenes

a

.

Sexualconflict

\

4




aSOKIFIyAadayYa 2F &SEdz f
{ SEO2 ¥ YK\ CWSIAS EaBs £ SOGA 2 Y

Coercive copulation can result in the coevolution of complex copulatory organs

https://www.youtube.com/watch?v=6k01DIVDJIY

Futuyma2013.Evolution;Brennaset al. 2007 PLoS®ne


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

Mechanisms of sexual selection

Sexuaktonflict chaseawaysexualselection
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Summary and takbome messages sexual selection

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

A Contest and competition can explain much of the variation
In weaponry and sexual dimorphism

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

Al 2yFEtA00 0SG6SSY YIESaQ |y
run-away Eisherian sexual selection process

Stearns S. Life History Evoluti@pen Yale



Mating syste

Mating systems

A A conglomeration of characteristics of populations
and individuals that affect reproduction

A Males can produce lots of sperm almost continuously
A Why would a male want only one female?
A Monogamy is (often) not best for a male

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

A Intersexual conflict



Mating systems

Mati ng sys

A Monogamy: each sex has one partner

(for a breeding season or a life time)

A Polyandry: a female mates with several males
(while males mate with only one female)

A Polygyny: a male mates with several females
(while females each mate with only one male)

A Polygamy: each sex may have several partners
(mixture of polygyny and polyandry)




Mating systems

A Individual attributes:

I number of mates per individual
I monogamy
A relatively rare (but most birds are monogamous - at least appear

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

I polygyny - common

A polyandry (veryrare-but , |1 6ve given some
I mate location tactics
I reproductive competition

I mate choice



Mating systems

A Population attributes:

I distribution of populations
Aeven vs. clumped
Aaffects mate location tactics
I sex ratio
Apopulation vs. operational OSR Nm/Nf
(>1 = more males than females)
Aaffects male competition



Mating systems

ACategories of mating system

mates pereéeindividual
i Monogamy : :

APair bonding
i more or -tesm | ong"

ibased on individu" A
AExcl usive sexual access

i but with (extra pair copulatio

i substantial cuckoldry ocZ@®)y s I
ACooperation in parental care



Mating systems

Percentage of time

80

60

Monogamy in Birds

Both parents
[ ] No male assistance

25 30
Egg temperature (°C)

35

40



Sexuakelectionand matingsystems

Mating system:

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

L2t &3k ve Y2y23l Y

polygyny polyandry



Sexuakelectionand matingsystems

Monogamy:

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

Mutual sexualselection: bottd SESa LINRBFA G F2 NI
are ornamented:=> no sexual dimorphism expected



Sexuakelectionand matingsystems
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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 lek @Centrocercusirophasianuk

(B) Atlantic puffinsKraterculaarctica are sexually monomorphic that form pair

() S




Sexuakelectionand matingsystems

Ecological factors that affect mating systems:

A Spatial distribution of resources
A Temporal availability of mates
A Operational sex ratio (OSR)
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Female-biased Male-biased
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Fitness
(average reproductive success)

Gordonh NA pofy§yaythreshold model

Best available
habitat
/

Maximum
intrinsic
rate of
increase

3 4
Environmental Quality

Fic. 1.—Graphic model of conditions necessary for the evolution of polyg-
ynous mating patterns. Average reproductive success is assumed to be correlated
with environmental differences and females are assumed to choose their mates
from available males. The distance I is the difference in fitness between
females mated monogamously and females mated bigamously in the same
environment; the distanee 2 is the polygyny threshold, which is the minimum
difference in quality of habitat held by males in the same general region
sufficient to make bigamous matings by females favored by natural selection.
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Testes versus body weight among polygamous and monogamous primate taxa:
Males in polygamous species have statistically large testes sizes

o i
100 = | ® Polygamous
¢ Monogamous
G
g
g
g 10
$
=
1
1 10 100 200

Body mass (kg)




~ ANY

{ SEdAt SOYRIZWVEAEAUSYa

4 , . . . . N

aXUKIU az2zyYS NbBtlIuUAZ2Y SHA

development of secondary sexual characters appear:
VS NI & OSNIlAYE
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. dzi X
the variance in mating success does not determine ti
degree of selection on sexual traits,

but the relative effect of those traits in mating success )
does.

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



Sexuakelectionand matingsystems

Ecological factors that affect mating systems:

A Spatial distribution of resources Total
A Temporal availability of mates =~ & 2¥nehron
> High
Easynchmny
% Moderate
= asynchrony
g Slight
gasynchrﬂny
"~ Absolute
synchrony -
E 2% 3 2% =%
2  wE 5 E BE SE
5 &5 2% T3 3

Spatial distribution of resources

ElmenandOring1977. Science



seahorses




Parental care in seahorses makes the male the limiting resource
and female compete for access to the males’ pouch
— sex role reversal

g
¥

nature ecology & evolution

Article d

Cellular and molecular mechanisms of
seahorse male pregnancy

Received: 25 February 2025 Yali Liu®'**", Han Jiang'**", Yuanxiang Miao**", Wenli Zhao®",
Ralf Schneider®’, Liduo Yin®, Xinyue Yu'*?, Haiyan Yu'?*, Xuemei Lu®**,

foepteci 24 Seprermber 2025 Enguang Bi®, Luonan Chen®** , Axel Meyer®'**° & Qiang Lin®***

Published online: 11 November 2025

%, Check for updates Seahorses and their relatives (syngnathids) show a unique sexrole reversal.

Their male pregnancy is facilitated by an evolutionary novel organ—the
brood pouch that functions analogously to the mammalian uterus and




Book quiz:

Name the two species that are sexe reversed
that were discussed in this lecture:

Send answer to:
axel.meyer@unKonstanz.de



Direct, indirect, and inclusive fithess kin selection



Altruism does not work because of cheaters
(individual selection is stronger than group selection)
altruismusis rare (reciprocal altruism needs explanation)

Haraen
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A INDIVIDUAL PRODUCES OFFSPRING
Divest selsoticn | N, survive without parental care

L N, survive because of parental care
INDIVIDUAL HELPS RELATIVES | Kin selection

Indirect selection —— , survive because of help

—

B

Direct fitness = (V, x 7) + (N, x 7) e
Inclusive fitness
Indirect fitness = N, x r




Diploid
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Calculating the
Coefficient of relatedness la. Parent/Offspring
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r=(0.5)1=0.5
2. Offspring/Parent
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r=(0.5)1=05

3.  Fullsiblings
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Belding s ground squirrel

St RAYy3IQa 3INRdzy R atlyodtistindudafmacallliyde® R dzOS | (0
Whistlest high-pitched, given for immediate aerial threats (e.g., hawks).
Trills/Chirrst series of notes for terrestrial predators, less immediate threats.
Listeners respond with contex@ppropriate antipredator behavior (burrow escape vs vigilar



Belding s ground squirrel: females give more alarm calls than males

The demography of a freészing population in California was studied using madapture techniques over 11 consecutive fiedhsons

Results indicated that thet78 month hibernation period (OctoberMay) is the most hazardous time, when 66 to 70% of juvenilds3énto 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 moeatsian 11 y

as a result the sex of ratio of the adult population was femdl@sed, especially among the older population

-t = e e mr ww B ws AW

TABLE 7 Who gives alarm calls among Belding’s ground squirrels?

Exposures to  Squirrels giving  Squirrels expected to call

Category of squirrel predator” alarm call (%) if alarms are random (%)
Males >1 year old 67 12 (18) 19 (28)
Females >1 year old 190 75 (39) 53 (28)
with living relatives”

Females >1 year old 168 31 (18) 46 (28)

without living relatives

Source: Sherman, unpublished data.

“Number of times ground squirrels in each category were present when a terrestrial predator
appeared 1974-1979.

b . ;
Relatives consist of daughters, granddaughters, mothers, or sisters.
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First Squirrel Giving an Alarm Call to a Predatory Mammal

Expected Observed

8[0 6[0 4[0 2|O 10 0 10 20 40 60 80
l

Adult Females

Adult Males

1-Year Females

1-Year Males

Juvenile Females

“G" Statistic: 88.5

Juvenile Males
P: .001

Callers, Regardless of Precedence, to a Predatory Mammal

Expected Observed
8[0 6[0 AIO 2£0 ]IO 0 10 20 40

80

Adult Females

Adult Males

1-Year Females

1-Year Males

Juvenile Females
“G" Statistic: 73.5
P: 001

Juvenile Males
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Belding's ground squirrels live in
anepotisticsociety where most interactions
occur between females, their offspring, and
collateral kinFemales are philopatric and spend
their lives in the area where they were bomn,
whereas males begin dispersing 2 months after
weaning and the following spring, and they
never return to their natal are&emales
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



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

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

Proportion of cooperative chases

Number
of pais 000 005 010 015 020
Mother—daughter 59 | l I
Littermate sisters 52 |
Nonlittermate sisters 36
Grandmother—granddaughter 17
Aunt-niece 15
Gtgrandmother—gtgranddaughter 4 ‘L’
Half-aunt-niece 9
First cousins 10
First cousins, once removed 3
Nonkin 89

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




