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Sex, Ageing and Foraging Theory



What is ageing?

aka senescence

 (Gradual deterioration of function.

* Decrease in survival rate and/or fecundity with age.

LB

Trends in Cell Biology 2020 30777-791DOI: (10.1016/j.tcb.2020.07.002)

0.100 -
0.010}

0.001

Probability of dying according to age

<1 5-9 15-19 25-29 35-39 45-49 55-59 65-69 75-79 >85
WHO



Legand

A% Wi T e s
. (Mgrese v 2009 Deed . Lo » 1B ’-‘I’”A“’ s . r
.l |
Other mammals Ceher plants
r("t.-‘p'
Other vertsbrates Agae

Survynvorshp nrvorterates

Lecopes mtacey R Rl L] WO 3acmrs Fumaa Qaoaiosser
(Bal ryrary 132yt wrter gty Bouerem e

Natural variati

and lifespan

@
L ,
- w C S =X
ol (U m | - fU |
W = -y e 0 £ |
L — v g o " O Ve %
= — —_ Y
o x —C o N 2 m o -O \‘4:‘().1__;1-)1.:
e 0L oogE — R C;m AL
; = O V“m o T L3 S=Q¢E C
© T o e = v FUmgxV
= o0 - 0 X = .= _ U QU
= = QL U OCw0 © C & J=0 A=
© - EN - Twnyu C U © ol > § o) < @ | Homosa 'ens
/
O 0.0 OC P
| &)
|

Tours

o |
' Ova oy MOt osconoran Mpars ot av g v
Tdey yweq) wmm Pareye vole M perosTy

Standardized monality and fertiity

]
0 1 10 11 1000 ~ Zf
max lifespan (years) ><7< 7< f: — >ﬂ‘ '
» "‘.':.’.\'nl ) '
77 eohnep gy bt eicoue il o e iy
Gopher us agaSSIZII | N s dr O\, e s Qs cgms |, Gopheva sgunst |, A v
(desert tortoise) ;
Treaster S, Karasik D andHarris MP (2021 Front. Genet. 12:678073.doi: 10.3389/ ' ' Years Vears
fgene.2021.678073 Age

Jones et al. Nature 000, 1-5 (2013) doi:10.1038/nature12789

Survivorship



Modelling age structure



e n,,=n.ofindividuals of age a at time ¢

 p_, = probability of survival from age a
to a+1

« m, = fecundity at age a (i.e. number of
newborns)

. [, = pom, = effective fecundity at age
a (.e. number newborns that survive to
age 1, with probability p)

Dynamics of an age-structured population



Dynamics of an age-structured population

A
M1 = Zfana,t
a=1
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Asymptotic behaviour

n, | = Lnt
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n,=Ln = L"n,
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Asymptotic behaviour
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Exponential increase
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Extinction
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Stable age distribution
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Growth rate

In the long run (large 1),

{ Number
n, — col'u |
where: 1000
| | 800 -
A is the growth rate (and leading ‘
eigenvalue of the Leslie matrix L); 600 -
» u is the stable age distribution (associated 400
right eigenvector, i.e. Lu = Au); 200l
| /=
» cp =V.ny> 0is a positive constant, N . Time
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where v iIs vector of reproductive values
(given by v = Av, such that v'u = 1).



Reproductive values

reproductive value, v,

In the long run (large t), 0.7} .
t 0.6/ . .
n,— cyl'u o5k .
where: 0_4; ! '
0.3

« /A is the growth rate (and leading 0ol .

eigenvalue of the Leslie matrix L); : 1
* u is the stable age distribution (associated e age, a

right eigenvector, i.e. Lu = Au);

reproductive value ~ relative importance of

* Cp ="V .My > Uis a positive constant, individuals of different ages in the initial
where v iIs vector of reproductive values population in determining the total

(given by viL = Av, such that viu = 1). population size in the distant future




Explosion vs. Extinction
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In the long run (large {), 1> 1 A <1

) soo;—
n,— cyl'u
where:

/A is the growth rate (and leading

eigenvalue of the Leslie matrix L); Population grows exponentially at

* u is the stable age distribution (associated rate A when A > 1 (otherwise goes
right eigenvector, i.e. Lu = Au); extinct when /1 < 1)_

» co =Vv.ny > 0is a positive constant,
where v iIs vector of reproductive values

Age distribution stabilises to being
(given by vTL = Av, such that viu = 1). proportional to u.




Lifetime reproductive success

( [, = popiP>---P,_1 = probability of survival until age a

A
Ry = Z [ m,
a=1

= lifetime reproductive
success

= expected number of

offspring during one’s lifetime. A>lifandonlyif R > 1




Density-dependence

 Competition for resources —>
density regulation

 |.e. survival and/or reproduction
decreases with population size

* | eslie matrix now depends on
nl‘l L(nt)

* Population size converges to
equilibrium where R, = 1

Effective fecundity
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Convergence to demographic

Ul
/(5]

 Competition for resources —>
density regulation

 |.e. survival and/or reproduction
decreases with population size

* | eslie matrix now depends on
n, L(n)

* Population size converges to
equilibrium where R, = 1
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Summary

 Dynamics of age structured population
modelled via the Leslie matrix.

* The population grows when lifetime
reproductive success R, is above 1.

 Due to competition, natural populations
eventually experience density-
dependent competition.

 Populations thus stabilise to a

demographic equilibrium where Ry = 1.

A
Ry = Z | m,
a=1



