A short introduction to

individual-based simulations

on R
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Individual-based simulation

An individual-based simulation (IBS) is a computational
model/tool that simulates the behavior and interactions
of individuals within a population.

Each individual possesses unique features and follows
predefined rules governing its behavior (e.g.
reproduction, movement, and interaction with other
individuals and the environment).

It helps simulate complex evolutionary scenarios and
understand how various factors contribute to the
emergence of specific traits or adaptations within a
population.



Today’s goal:

We model the dynamics of a population,
including reproduction, aging and death.

For simplicity, we assume individuals cannot live for
more than six years, such that the population is
structured into a newborn age-class (year 0) and

six reproducing age-classes (from year 1 to year 6).

The fecundity and survival probability are equal
across all ages.
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INDIVIDUAL

Which features characterize an individual?

AGE I 123,458 0800000080

Population

> possible_ages = c(1, 2, 3, 4, 5, 6)
> possible_ages
[11123456
> A = sample(possible_ages, 10, replace
> A
[116632462164

> A[1]
[1] 6
> A[5]
L)
> length(A)
[1] 10




INDIVIDUAL

Which features characterize an individual?

AGE I 123,458 0800000080

Population
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Population = rep(1l, 10)

> Population
[1J1111111111




INDIVIDUAL

Which features characterize an individual?

fec = 1
What is the life-cycle of such individuals?
How does time progress? no_offspring = rpois(n = 1, lambda = fec)
Reproduce
Fec = 1
Psu = 0.5

> no_offspring
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INDIVIDUAL

Which features characterize an individual?

fec = 1
What is the life-cycle of such ind;viduals? psuv = 0.5
How does time progress? no_offspring = rpois(n = 1, lambda = fec)
Reproduce no_new_nl = rbinom(1, size = no_offspring, prob = psuv)
Fec = 1
Psuv = 0.5

> ho_hew_nl

[1] 2




INDIVIDUAL

Which features characterize an individual?

fec =11
What is the Iife-cyc_le of such ind;viduals? psuv = 0.5
How does time progress? no_offspring = rpois(n = 1, lambda = fec)
Reproduce no_new_nl = rbinom(1, size = no_offspring, prob = psuv)
new_nl = rep(l, no_new_nl)
Fec = 1
Psuw = 0.5

> hew_nl
L3 al, af




What is the life-cycle of such individuals?
How does time progress?

Try to survive
to next year

Psuw = 0.5

if (runif(l) < psuv){

} else {

}
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INDIVIDUAL

> runif(l)

[1] TRUE
> runif(l)
| — [1] TRUE
Wnat s e eyl of sch el > runif(1)
Try to survive [1] TRUE
to next year > runif(l)
[1] FALSE
Psuw = 0.5

> runif(l)
[1] FALSE
s punif(l)
[1] FALSE
> runif(l)
[1] TRUE

> runif(l)
[1] FALSE




INDIVIDUAL

What is the Iife-cyc_le of such individuals? psuv
How does time progress?

Try to survive o ﬁ.
to next year 10+ if (runif(l) < psuv){

Psu = 0.5 ,_ Oge = Gge + l
13+ } else {

age = NA




IND_ACT = function(age, fec, psuv){

no_offspring = rpois(n = 1, lambda = fec)
no_new_nl = rbinom(1l, size = no_offspring, prob = psuv)
new_nl = rep(l, no_new_nl)

Reproduce Fec = 1.0 if Crunif(1l) < psuv){

age = age + 1

} else {
Try to survive

to next year Pav = [0:3

age = NA
}

return(c(new_nl, age))

}



> IND_ACT(age =
[1] 11 ] NA
> IND_ACT(age =
[A] 1 2

> IND_ACT(age
[1] 1 NA

> IND_ACT(age
Reproduce Fec = 1.0 [1] NA

> IND_ACT(age

. [iiee
Try to survive
to next year Paw = > IND_ACT(age

[1] 1 2

> IND_ACT(age fec = 1, psuv = 0.5)

[1] 7



IND_ACT = function(age, fec, psuv){

no_offspring = rpois(n = 1, lambda = fec)
no_new_nl = rbinom(1l, size = no_offspring, prob = psuv)
new_nl = rep(l, no_new_nl)

= 1.0
OIS Fec if Crunif(1) < psuv){
age = age + 1
Try to survive b= 05 if Cage > 6){ age = NA }
to next year suv = } else {

age = NA
}

return(c(new_nl, age))

}
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IND_ACT = function(age, fec, psuv){

no_offspring = rpois(n = 1, lambda = fec)
no_new_nl = rbinom(1l, size = no_offspring, prob = psuv)
new_nl = rep(l, no_new_nl)

o vl

0 ~J

if Crunif(l) < psuv){

age = age + 1
if (age > 6){ age = NA }
else {

age = NA

1
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DIND_ACT = function(age, fec, psuv){E=}

)
(44

returnCcCnew_nl, age)) >
} 24  Population = rep(l, 10)
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IND_ACT = function(age, fec, psuv){EE}

Population = rep(1l, 100) <€— Let’s increase initial population size

NextPopulation = c()
for(i in 1:length(Population)){

NextPopulation = c(NextPopulation, IND_ACT(Cage = Population[i], fec = 1.0, psuv = 0.5))

> table(NextPopulation)
NextPopulation

1 2

50 51




> NextPopulation

[1] 2NA 1 2 1 2 2 11
[39] 1 NA 1 1 2 NA 2NA 1NA 2
[777 NA 1 1 2 1 NANANA 1NA 1

[115] 2 1 NANA 1 NANA 2 2NA 2 NA
> is.na(NextPopulation)

[1] FALSE TRUE FALSE FALSE FALSE FALSE
[20] TRUE FALSE TRUE FALSE TRUE FALSE
[39] FALSE TRUE FALSE FALSE FALSE FALSE
[58] FALSE FALSE FALSE TRUE TRUE FALSE
[77] TRUE FALSE FALSE FALSE FALSE FALSE
[96] FALSE TRUE FALSE FALSE FALSE FALSE

[115] FALSE FALSE TRUE TRUE FALSE TRUE
[134] FALSE FALSE TRUE FALSE TRUE FALSE
> lis.na(NextPopulation)

[1] TRUE FALSE TRUE TRUE TRUE TRUE
[20] FALSE TRUE FALSE TRUE FALSE TRUE
[39] TRUE FALSE TRUE TRUE TRUE TRUE
[58] TRUE TRUE TRUE FALSE FALSE TRUE
[77] FALSE TRUE TRUE TRUE TRUE TRUE
[96] TRUE FALSE TRUE TRUE TRUE TRUE

[115] TRUE TRUE FALSE FALSE TRUE FALSE
[134] TRUE TRUE FALSE TRUE FALSE TRUE
> NextPopulation[!is.na(NextPopulation)]

[1]212122211112222121
[91]112211212221212111




IND_ACT = function(age, fec, psuv){EE}
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Population = rep(1l, 100)
FinalYear = 10 ——
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for (year in 1:FinalYear){ -——
NextPopulation = c()
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for(i in 1:length(Population)){
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NextPopulation = c(NextPopulation, IND_ACT(age = Population[i], fec = 1.0, psuv = 0.5))
}
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Population = NextPopulation[!is‘na(NextPopulation)]4_
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IND_ACT = function(age, fec, psuv){E=}

w N

Population = rep(l, 100)
FinalYear = 10
PopulationSize = rep(@, FinalYear) g
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for (year in 1:FinalYear){
NextPopulation = c()
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for(i in 1:length(Population)){
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NextPopulation = c(NextPopulation, IND_ACT(age = Population[i], fec = 1.0, psuv = 0.5))

Population = NextPopulation[!is.na(NextPopulation)]
PopulationSize[year] = length(Population) <@————




plot(x = 1:FinalYear, y = PopulationSize,
type — llb"’
col = "[red", pch = 16,

ylim = ¢(@, 2*max(PopulationSize)),
xlab = "Years", ylab = "Pop. size")
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IND_ACT = function(age, fec, psuv){EE}

22

23+ DYN = function(n@, FinalYear, fec, psuv){ <
24

25 Population = rep(l, n0) <

26 PopulationSize = rep(@, FinalYear)

27

28 for (year in 1:FinalYear){

29 NextPopulation = c()

30

31 for(i in 1l:length(Population)){

32

33 NextPopulation = c(NextPopulation, IND_ACT(Cage = Population[i], fec = fec, psuv = psuv))
34 }

35

36 Population = NextPopulation[!is.na(NextPopulation)]
37 PopulationSize[year] = length(Population)

38 }

39

40 return(PopulationSize)
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42

43

44 sim = DYN(n@ = 100, FinalYear = 100, fec = 1.0, psuv = 0.5) f—
)

46

47 plot(x = 1:100, y = SiM, qmm—

48 type = "b",

49 col = "M“, pch = 16,

50 ylim = c(0, 2*max(sim)), <e—
51 xlab = "Years", ylab = "Pop. size")
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IND_ACT = function(Cage, fec, psuv){EE}

w N WN -

DYN = function(n@, FinalYear, fec, psuv){

S

Population = rep(l, n@)
PopulationSize = rep(@, FinalYear)
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for (year in 1:FinalYear){
NextPopulation = c()

w N
S (o]

for(i in 1:1length(Population)){

NextPopulation = c(NextPopulation, IND_ACT(Cage = Population[i], fec = fec, psuv = psuv))
}

Population = NextPopulation[!is.na(NextPopulation)]
PopulationSize[year] = length(Population)

if( length(Population) == @ ){ break } <
if( length(Population) > 100000 ){ break } A/
}

return(PopulationSize)




IND_ACT = function(age, fec, psuv){EE}

DYN = function(n@, FinalYear, fec, psuv){E=}

DYN(n@ = 100, FinalYear = 100, fec = 1.5, psuv = 0.5)

plot(x = 1:100, y = sim,
type = "b",
col = 'lred", pch = 16,
ylim = c(@, 2*max(sim)),
xlab = "Years", ylab = "Pop. size"

IND_ACT = function(age, fec, psuv){E=E}

DYN = function(n@, FinalYear, fec, psuv){Ea}

DYN(n@ = 100, FinalYear = 100, fec = 0.8, psuv = 0.5)

plot(x = 1:100, y = sim,
type = "b",
col = "lred", pch = 16,
ylim = ¢(@, 2*max(sim)),
xlab = "Years", ylab = "Pop. size")
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Now, it’s up to you:

We model the dynamics of a population,

including reproduction, aging and death. Age a (in years) Fecundity m, Survival probability p.
0 - 0.8
. . . . . 1 0.57 0.52
For simplicity, we assume individuals cannot 2 2.10 0.60
. . 3 4.25 0.71
live for more than six years, such that the " e 01
population is structured into a newborn g jgg 071

age-class (year 0) and six reproducing
Table 1: Sus scrofa life-table.
age-classes (from year 1 to year 6).
The fecundity and survival probability
differ across ages.




