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POPULATION DYNAMICS

o Population dynamics of wild ecosystems
Terrestrial
Aquatic

o Population dynamics of domestic systems managed and
controlled by man
Farms where animals are raised for human consumption

o Applications in economics
Energy consumption

o Applications in agriculture
Movement and evolution of soil nutrients

o Applications in medicine
Epidemiology



WHAT DO THESE PROBLEMS HAVE IN COMMON?

o The output depends on a large number of
processes running in parallel that interact and
compete.

o Processes are altered by environmental
conditions.

o Human intervention modifies the natural course
of the processes.

o Problems are not deterministic. There exists an
intrinsic randomness.



Dynamic Dynamic
scavengers wild + domestic
animals

Dynamic plant
communities




Land characteristics and
census
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P SYSTEMS




POPULATION DYNAMIC P SYSTEMS
(PDP SYSTEMS)

o They are a variant of P systems defined for modelling population

dynamics.

o They are probabilistic models so they take into account the inherent

randomness of natural processes.

o They are modular, so one can start with a simple basic model, and add

additional modules to achieve the required complexity.

o They can be considered as a particular case of multiagent systems with
mcreased power thanks to their hierarchical structure of membranes and

environments.

o Unlike multiagent systems, it is not necessary to sequence the processes

to be modelled, so the complexity of the problem at hand can be increased.



SOME REAL PROBLEMS MODELLED USING
PDP SYSTEMS

o Population dynamics of ecosystems with ungulates and
scavengers:
o (Catalan Pyrenees: 14 species.
o Navarra: 10 species.

o Swaziland (South Africa): 30 species.

o Population dynamics of the zebra mussel in the dam of

Ribaroja.
o Pyrenean newt population dynamics in the Sierra del Cadi.

o The Hazel Grouse reintroduction in the Pyrenees.



SOME REAL PROBLEMS ARE BEING
STUDIED WITH PDP SYSTEMS

o Effect of pesti-virus dynamics chamois.

o Development and growth of amphibians in

natural ponds.

o Effect of management in the whole process of
raising pigs:
Reproductive phase.
Stage of lactation.
Transitional phase.

Breeding phase.



EXPERIENCE

Example: Scavengers in Catalan Pyrenees, Navarra and Swaziland.
All ecosystems are formed by scavengers that feed on biomass of

ungulates.

Biolog

Similar, but not equal problems exist.

and

M L.ach one has some specific
 characteristics making necessary a
M particular pattern to model it.

which are also related to breeding and rainy seasons.
The Catalan Pyrenees transhumance is completely different from
the Navarrian one, where there 1s movement of animals 1in both

summer and winter.



HoOw TO GET A USEFUL MODEL?

Essential:

An interdisciplinary team with expert knowledge of the real problem.
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Modelling a problem using PDP systems is
similar to play a game.

There are some rules that must be satisfied
and you have to search for strategies to
reach the final goal.

The game can be won by following different
strategies. The time and resources used can
vary in type and quantity (computational
cost).

We can simply start knowing the rules of
the game and with simple problems to
solve.

As we become more skilled and learn new
strategies thanks to practice, we are
allowed to change level.



WHERE DO WE START?

We always begin with a simple case and as we

acquire our own strategies we can move to more
complex cases




PDP models are used to solve complex problems.
Thus, their description 1s not stmple.

It 1s advisable to follow a series of steps.

Colomer, Margalida and Pérez. Population dynamics P system
(PDP) models: a standardized protocol for describing and applying
novel bio-inspired computing tools. Plos One, 2013



STAGES

o Stage 1: Defining and clearly limiting the proposed
objective and the interest of the model

o Stage 2: Describing the processes to be modelled as well
as of the interaction between them and other processes

o Stage 3: Establishing the input of the model and the
parameters involved

o Stage 4: Designing a model scheme that describes the
sequencing and parallelization of the processes

o Stage 5: Designing the model

o Stage 6: Constructing a graphical representation of the
configurations that represents the execution of a cycle of
the model

o Stage 7: Designing the simulator



EXAMPLE

—_— ) - - ), - ‘,,3
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Russell, J.C., Lecomtea,V., Dumontb,Y. & Le Correa M. (2009).
Intraguild predation and mesopredator release effect on long-lived
prey. Ecol. Model. 220, 1098-1104.



STAGE 1 OBJECTIVE

The purpose 1s to present a model to estimate the
dynamics of gadfly petrels on an island in the
Pacific Ocean, under different scenarios controlled
by humans. The scenarios are defined according to
the introduction and population control of cats and
rats.



STAGE 2 MODELLING PROCESSES

Processes to be modelled for gadfly petrels:
o Reproduction, natural mortality and predation.
o Food has not been considered as a limiting factor.

o Seven age-classes are considered: fledglings, five pre-adult age-
classes and adults.

Processes to be modelled for cats:

o The population size (introduction and capture of animals) as
controlled by humans and feeding. Cats can feed on rats, skinks
and birds in their first years of life or as adults.

Processes to be modelled for rats:

o The population size (introduction and capture of animals) as
controlled by humans, mortality due to hunting and feeding.
Rats can feed on vegetation and birds at an early age.



STAGE 3 INPUT OF MODEL AND PARAMETERS
TO BE TAKEN INTO ACCOUNT

Table 1. Biological parameters used for the model (Russell
et al. 2009).
Parameter Symbol Value
. . Annual demographic parameters

The input of the model consists  [rur seco . o

Proportion of adults breeding [ 09
. . . . . Adult pair fecundity 5 1

of the 1nitial population size and [wmserorcucnes e
Sub-adult dasses n 5
Fledgling mortality iy 034

the parameters of the model. worTp— .
Adult mortality Ha 007
Expected adult lifetime (years) E(w) 18
Maximum adul lifetime (years) max(w) 48
Bird growth rate r 003
Bird annual reproduction is(e®) 104
Adult bird carying capacity k, 100.000
Cat growth rate r. 025
Rat growth rate A 400
Annual per capita predation rates
Cats on rats Y 244
Cats on adult birds i 70
Cats on fledglings b 22
Cats on altemative (skinks) Y 150
Rats on fledglings 7 8
Rats on alternative (vegetation) 7. 300
Alternative food sources
Skinks (cat alternative food) s 100.000
Vegetation (rat alternative food) v 100.000
doi:10.1371/joumal pone.0060698 1001




STAGE 4 SEQUENCING AND PARALLELIZATION
OF THE PROCESSES

Reproduction
+

Generation the objects

\ 4

Natural mortality of birds
e ; =

Cats and rats hunt

Control the density of birds + . l ______________ '
+
Cats and rats reintroduction

Feeding cats

and capture second time



STAGE 5 DESIGNING OF THE
MODEL




BASIC COMPONENTS OF THE PDP SYSTEM

o A set of environments that are inter-connected according to some

prefixed relation. Can be formally described by a network.

o A membrane structure that provides the hierarchy among the

different membranes encapsulated in each environment.

o A working alphabet that allows the representation of objects

(individuals, resources, etc.) involved in the system under study.

o A set of rules that allows:

» Specification of the evolution of the objects inside the hierarchical
membrane structure contained in the different environments

(membrane rules)

o Specification of how individuals can move from one environment to

another (environment rules)



WHAT IS NECESSARY TO DEFINE?

Number of environments
Membrane structure
Initial objects

Rules

The model depends on the designer but
the results are always the same.
Designing principle:

Always look for a minimal cost to make
the model faster.




ENVIRONMENTS >

e

N



MEMBRANE STRUCTURE

It 1s advisable to begin
modelling using two
membranes, the skin membrane
and an inner membrane. A
simple structure like this allows
the modelling of many
problems. If this structure 1s
not enough to capture the
complexity of the problem, the
number of membranes can be
subsequently increased.




INITIAL CONFIGURATION (INITIAL OBJECTS)




First configuration: Reproduction+tobject generation

r = G[ ]g_)aKa'OBeKa'O.ZsngKV[G]g).
' 0
T, = Xl,j_)yl,j] ,1 S] < 5.
L 0
[ B-& :
T3 = X1]—>Y1]Y10] ,6 < j <48.
[ 1-a-B-6 ]
ry = | Xy —>Y1]] ,6 < j <48.
TsE-X —>Y2yl 1<y<ys.
- 1-7¢
Tg = Xzy—>Y2y] 1<y<ys.
r, = | X3, 1+rr] 1<y<ys.

ys means years simulated. That is an input of the model.



Second configuration: Feeding cats and rats or predation,
mortality of birds

rg = [eO_.S)a]z.

0
ro = [eo_.s)#]o.
— vy 0o [ 1t
o = YZ,yYLO[ ]1_)_22,31_1; 1< y = ys
C . 1+ i
1 =Y Vil 11-[Z,] 6 <j<481<y<ys
c - 1+
T12 = Y2,yY3]f§;[ ](1) - _Zz,y_l: 1 < y < yS.
c - 1t
rz = Y5, 57S| 13- Z2yl 1=y =ys.
vi 1t
T14 = Y3,yY1,0[ ](1) - _ZB,y_li 1< y = YS.
T i 1t
s = Y3,yVyV[ ](1) - _ZS,y_lr 1< y < ySs




Third configuration: Natural mortality of birds and cats and rats

capture

pr(1)
117 = Y10l IT—[#]7.

g = Y1,0[

pr(2)

ro=Yyl JTi—[#]{,1<i<5
1-ur(2) +

20 = Y1l H—>[ 1,i] ,1<i<5
pur(3)

21 = Yl ]ff—>[#]f,6 <i<48.
1-pr(3) + ,

22 = Y15l ]f—>[Z1 i]1,6 <i<48

r3 =al 1i—lalf

g = V[ 1T —[#]7

rs =S[ 1T —=[#]7

+
26 = Yol ]-1|-_)[Y2,y]1; 1<y<ys.

rp =Y, 17— 1§, 1<y <ys.

rs = [G1T —[G']1.



Fourth configuration: Cats that eat rats which have eaten previously.

cqt —
Too = [YZ,yZ;S,L —[Z,y], 1<y <ys.

r30 = [G']T ~[G]7.



Fifth configuration (Initial configuration):
Control density of birds

Retire cats and rats

Restore 1nitial configuration

131 = :Zl,j];_>X1,j+1[ 13,0<j <4

32 = :Zl,jra];_)Xl,j+1[ 19,5 <j<47.

33 = Zl,48];_>[#]1
ra = [Zy] ——[ 192<i<3,1<y<ys
— 1-T
T35 = Zly —T)le+1[ ](1)»2<l<3» l=y=<ys

0
Rule that is applied in the new loop 135 = [a—>#]1



@mecdel<probabilistic>

def BirdCatRat_()
/* Treball de Russell */

{

/* Membrane structure */
@mu= [([[ []1°'1 1'0 1°'11,11 1'p;
/* Initial multisets */

@éms (0,11) += X{1,3} * q{l,3}

@ms(0,11) += X{i,1} * q{i,1}
@ms (0,11) += G;

1<=3j<=48;
2<=i<=3;

/**idv&*#ﬁﬁﬁ&ﬁ*ﬁ*ﬁ*ﬁﬁﬁﬁ*ﬁ*ﬁ*ﬁﬁﬁﬁ*ﬁﬁﬁﬁﬁﬁiiﬁi* Step 1 e

f****generation £fix cbjets *¥*%*%/
/*xl*/ G [1'1l--> a*(Ka*0.9),e*(Ka*0.2),5*Ks,V*Kv [G]"'

/**** raproduction W/

Fez2*J [X§{1,35]} =—> Y§{1,35}1°0 :=: 1:l<w=j<mb;

f*r3*/ [X{1,3} --> ¥{1,3},¥{1,0}*epsilon]'0 :: (alpha
f*rda*/ [X{1,3} --> ¥{1,3}1'0 :: (l-alpha*beta*delta):
f*rS*/ [(X{2,y} =-=-> ¥Y{2,y}*2]1'0 :: rec: 1l<=y<=100;
f*re*/ [(X{2,y} =-=-> ¥{2,¥y}1'0 :: (l-xc): 1l<=y<=100;
F*r7*/ [X{3,y} ==-> ¥Y{3,y}*(1+xrx)]'0 :: 1: 1<=y<=100;

/*********bbb*bbb*bb***bvb*'bbb*b*b*bﬁ‘\bbb*b* step 2 R

/**** randomize number birdsg ¥*¥**+*/
/*z8%/ [e —> a]'0 :: 0.5;
/*x9%/ (e -=-> $]°'0 :=: 0.5;

/bbib feedlng’ ib&bb/

f*rlo*/ ¥Y{2,y} ,¥{l1l,0}*gammafc []'1l--> +([Z{2,y}]"1
f*xrll*/ ¥{2,y} ,¥{1,j}*gammaac []'1l--> +[Z2{2,¥y}]"'1
f*xrl2*/ ¥{2,y} ,¥{3,yv}*gammarc ([]'l--> +[2{2,¥y}]"'1
f*rl3*/ ¥{2,y} ,S*gammasc []'l--> +[Z2{2,¥}]"'1l ::1: 1<
f*rl4*/ ¥{3,y} ,¥{l1,0}*gammafr []'1l--> +[Z{3,y}]1"'1
/*xls*/ ¥{3,y} ,V*gammavr []'l--> +[Z2{3,¥}]"'1 ::1: 1<

/****Sure Change polaritation *¥%+¥/
/*rle*/ [G]'1--> +([G]'1 :-:1;

| L

e ke e e e e e e e e e e e e e e e e e e e

1==31;

*beta*delta) :5<j<=48;
5<j<=48;

e e e e e e e e e e e e e e e e e e

1<=y<=100;

1 6<=j<=48, 1<=y<=100;
l<=y<=100;

y<=100;

1<=y<=100;

y<=100;



STAGE 6 GRAPHIC REPRESENTATION OF THE
SYSTEM CONFIGURATIONS




STAGE 7 DEFINING A SIMULATOR TO RUN THE
MODEL

MeCoSim is an open source software developed by the Research Group

of Natural Computing of the University of Seville

It supports defining multiple applications within the framework that it

provides

* The framework i1s based on P-Lingua

« Each application consists of a model (P-Lingua) defining a general
problem, a scenario defining an instance of the problem and a
Graphing User Interface (GUI) defining a visual interface for
handling input and outputs of the instance

By using MS Excel, the GUI for the application can be designed,

consisting of labels and tables and charts.



Population Dynamics

Size population

——@Gadfly petrels

i | | | | - 1800

s cats
[ 1400

= = Rats
: : - 1200

T, i LA, | S NS SR RS DRI A S TR S SO NS S i

- 800

Gadily petrels

et A N R
- 400
- 200

i N SA S U P S ———

Population trend of Gadfly petrels, Cats and Rats. The simulated
scenario has been: Gadfly petrels: 30 000, Cats: 10 and Rats: 500.

Without human intervention.



Population Dynamics

Size population
T R A R R S N I . (A E r 2000
? —Gadfly petrels | 5
| - 1600
=== Cats
PO (0.0 ) | B SEENNNNE NSNS SNSRI SR ARSI WU . SIS A L. S n————— S SN — S ——— i 1400
= - = Rats
& é - 1200
@
& - 1000
>
5 - 800
3 P L | I N I R |
C TN ! | | | - 600
F.--.-:.--Q--:-----;-.---:- ----- |
o ! | | I it o
| eleedecneccchecdecanna - 200
- -E’ ----
0
25 30 35 40 45 50 55 60
Year

Population trend of Gadfly petrels, Cats and Rats. The simulated
scenario has been: Gadfly petrels: 30 000, Cats: 10 and Rats: 500.
50% of rats captured annually and from year 25 the 20% of cats
are removed annually.



WHAT KIND OF RESULTS CAN WE GET?

Any information that is involved in the modelling process:
« Number of animals of each species annually and seasonally.

 Biomass provided by each species to the ecosystem seasonally

and annually.

 Total biomass generated by the ecosystem seasonally and

annually.

 Balance between biomass consumed and generated.

 Whatever information that the expert considers necessary.



EXTENDING PREVIOUSLY DEFINED MODELS

IF THE AMOUNT OF FOOD FOR THE BIRDS IS
NOT UNLIMITED, HOW CAN WE INCORPORATE
THAT FACT INTO THE EXISTING MODEL?




ANOTHER EXTENSION:
o INSTEAD OF HAVING ONE ISLAND THERE ARE THREE ISLANDS

o WHEN A BIRD DOES NOT HAVE ENOUGH RESOURCES IT MOVES
ACCORDING TO THE NETWORK OF FIGURE




Colomer@matematica.udl.cat

NOILLNHLLV N10A 404 NOA MNVH,



