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Supplementary Materialsand M ethods

Sudy area

The study area was in northeastern Spain, wheeglimg sites occur for all four
European vulture species, i.e., Eurasian griffotuve (Gyps fulvus), cinereous vulture
(Aegypius monachus), Egyptian vulture Nleophron percnopterus), and bearded vulture
(Gypaetus barbatus). This region contains an important vulture popiata
representative of southwestern Europe, which migglessible to test the potential
effects of changes in food availability on Europgahiure population dynamics. An
abundance of grazing livestock are found in themamainly sheepdyis aries), goats
(Capra hircus), cattle Bos taurus), and horsesHguus caballus) (see
http://www.marm.es), while six wild ungulate specare also present, namely red deer
(Cervus elaphus), roe deerCapreolus capreolus), fallow deer Dama dama), mouflon
(Ovis musimon), southern chamoifR(picapra pyrenaica), and wild boar $us scrofa).

The study area was divided into 10 subareas oftwdhétailed data censuses of
avian scavengers and wild and domestic ungulageaailable. Wild and domestic
ungulates are herbivores (except the omnivorous kokr) and their remains form the
basic food source for the avian scavenger guil@¥%®f the diet is based on these
species [44]).

The study area contains a total of 19 feedingastatin which food is provided
principally during the breeding season. Of theggpbmentary feeding stations, 10 are
specific for bearded vultures (remains are prinbyheep extremities; average amount
of food provided by site/year 2598.2 + SD = 1404k{Ppand the rest for the remaining
avian scavengers (carcasses and meat remainsgaareunt of food provided by
site/year: 1531.8 + SD = 1084.16 kg).

Since individuals can move from one area to analkpending on the resources
available, the ecosystem appears to function asyéesset (overall ecosystem)
composed of a network of 10 subsets accordingeoifsp data obtained in each area. In
this way, whenever there is a lack of food in ohthe subareas or the carrying capacity
reaches its peak, the individuals will move tolearest suitable area (Figure 3).
Maximum carrying capacity for wild ungulates andsavscavengers (Table S1) has

been established according to the data providdatidiiterature and estimates are based



on the population growth observed during the presi20 years and are used to adjust
the variables of the model [24]

The subarea in which the nest is located is consibine core area and the
neighbouring subareas the potential home range Whbith each species will obtain
their energetic requirements. Thus, in our modelitiividuals can move from one area
to the other and the ecosystem’s local carryingciéyp has been limited to the
appropriate areas and habitats for the differeatigis as has the maximum density that
can be reached (Table S1).

Censuses, dietary habits and demographic parameters

Data on the avian scavenger and wild ungulate aoipals were obtained through
censuses carried out by technicians from the Dapemt de Medi Ambient i Habitatge
of the Generalitat de Catalunya, literature andqeal observations from 1994-2011.

Unlike in previous work [19, 24], the year hasbeévided into two periods:
winter, from October to June arsdmmer, from July to September. During the winter,
the reproductive period of avian scavengers talkesepduring which time egg-laying
occurs between December and February (exceptddedgiyptian vulture in April) and
fledging occurs between June and August coincidirtly the presence of transhumant
livestock in mountain areas. During the summerqekrihe number of livestock in the
mountain areas increases significantly as a corseguof transhumant livestock. Thus,
food availability differs among seasons being gredtiring the summer, whereas the
energetic requirements of avian scavengers arehdring the breeding season
(winter and spring). In addition to population fiuations there are also some
demographic (i.e., mortality) and biological (i.energetic requirements) parameters
that vary between the summer and winter periodbl€T&2).

With respect to interspecific differences in digthabits, the diet of the bearded
vulture is based on bone remains, whereas thetigetffons, cinereous and Egyptian
vultures is based on meat provided by wild and dstim@ingulates and to a lesser
degree small animal carcasses. In the case ofecnsy bearded and Egyptian vultures,
small mammals are also important in the diet [4h-#Bus, we established a minimum

of 3600 kg of available biomass provided by smalireal carcasses as a supplement to



the diet of all avian scavengers. The remainingnaiss is obtained from the food

provided by the feeding stations.

Population Dynamic P System Model

This study of population dynamics used a variar® sfystems, known asPapulation
Dynamic P System (PDP), i.e., a multi-environment probabilistic ftiooal extended P
system with active membranes of degree [m,q] [B4, B systems are computational
models that are based on the structure of biolbgalés and one of their key
characteristics is their ability to work in par&l21-24]. The way to model a problem
using PDP models depends on the type of problesti @&ad the strategies used by the
modeler. The costs grow by increasing the numbeulet. PDPs are computational
models that work with objects such that descriptsonot simple and cannot be
synthesized by analytical expressions as in clasemels.

A cell in PDP models is represented by membran#gsnawhich objects are
located. The objects evolve according to the charstics of the medium generating a
succession of configurations associated with thedycs of the problem studied
(Figure S1).

The main components of P systems anbrane structure, which is made up
of an external membrane that is often referredsta skin membrane, and additional
internal membranes that can also contain membrdihesentire series of membranes
forms a structure that can be represented in areigical manner, where the skin
membrane constitutes the roots of the tree. Thebremmas are labelled (this number
appears in the lower part) and they can posselsarge (this number appears in the
upper part) with three possible values “0”, “+'r,“e" (Figure S1). Objects are located
in areas defined throughout the membrane strudneieiding existing objects
associated with the input of the model (e.qg., iriials) and objects necessary for the
correct execution and synchronization of the mogfejure S1). The objects are
described using symbols or chains of symbols knasmultisets of objects. The
evolution rules allow objects to evolve and move to different ayeaghey can be
transformed and dissolved. The evolution rules ¢hatbe applied in the regions
formed by membranes in a variant PDP are of tHeviahg type:



ulvl = w VI
If the area formed by membranwith chargex contains object and the outer part of
the membrane contains objectwith a probability,., the rule will be applied to change
the charge polarity of membranfrfom a to ' and objectsi andv will evolve to
becomeu’andv’ If f. =1, itis omitted.

The rules that potentially can be applied will Ipplged in parallel and in a
maximal way to consume all the objects involvede &pplication of the rules causes
the P system to evolve and its configuration charf§gure S1). A P system
computation is made up of a sequence of configuratobtained from previous
computations via transitions.

There are different environmentp @nd communication is permitted between
them. When an object passes through the skin membiteevolves in accordance with

the rules in the new environment, which are offttlewing type:

P(Xjj1jn)
(X)e]‘ —1> (Y1)e]-1 (Yh)e]-h-

If object x passes from environmeatto environment;, - ej,it can be modified into

objecty, -y, respectively.

Model used

The ecosystem modelled is composed of 10 envirotsyienand 13 species of animals,
N. The number of animals per species and environagentell as the biological
parameters and the number of years to be simudaiethe input of the model (Tables
S2 and S3).

The output is formed by the number of animalsaufhespecies per year and
the biomass (expressed in megacalories) that epamgies provides throughout the
years simulated.

In order to model this ecosystem we use a PDPddry five membranes and
eleven environments, ten of which are associatélu the established geographic area.
The eleventh environment is used to facilitatertttwement of animals between
environments where resources are insufficient. hasvariant of P systems that

reproduces the randomness of natural processeasaighs an environment to each of



the areas studied. The polarization of the memlsreaesed to show environmental
changes (i.e., time of year).

The membrane structuregs= [[[ 15[ lslzlo

Objects that appear in the initial configuratioreach of the membranes are:

* Membrane labelled with O:

Mo = {X}}, XA, XS}, dj,co}, 1 <k <E1<i<N1<j<gs

« Membrane labelled with 1 and B; = {R},1 < j < 2

* Membrane labelled with 3 and #; = {F0,},1 <k <E,3<j<4.

In the initial configuration (Figure S2), each wddimal of speciesand agg
exists as an objedt;;. In a similar way, an objedt4;; represents domestic animals that
spend all year in the ecosystem whereas an abifgctrepresents domestic animals that
spend only some time in the ecosystem, the supeisandicate the number of each
type of existing object. The objeat, is used to indicate the period (winteo,, or
summerco,), FO, is used to generate external contributions Gugpplementary
feeding) and food provided by small animals presetite ecosystem, while objeRt
(counter) allows the synchronisation of the model.

The objects evolve, by evolution rules, creating ibjects, dissolving, moving
between membranes, etc. The set of objects thbappkar in different configurations

form the working alphabet of the model and in thsecof the proposed model is:

I'= {X,;,XA;;,XS;;,2;;,28;;, 2" ;, 20’ j, Zm'; j, 2", s Wy jy ZEy jcvnger ZEjcia e
ZEMyjcvapo ZE i jero i ZEQ 1 jeva o ZEM jevopo Wijerogo X ijerar 1 ST S
N0<j<gi51<c<21<k<E}U{H,C,H;,C H" (125<i<N1<c<
2} U{B,M,S,B’ 3, BE.;3 4, MEy,SEy, BE' (124, ME'},SE',,BM,1<c <2, 1<

k <E}U{co,cop;,1<i<2}uf{d,d;D,a,a,e,1<i<NYU{FO, F,b1<
k <EYU{R,R,0<i<N}.

ObjeCtS Xi,j,XAL-J-,XSLJ-,Zi,j,ZSl-,j,Z’l-J-,Za’l-,j,Zm'i,j, Z”4,j' Wi,jl ZEi,j,C+2,ki

ZEQjci2pkr ZEMjeiai ZE jeroio ZEQ  jean i ZEM jevaio Wijcrzio X ij ez
are objects associated with animals during thewgi@tof the model and are related to

the processes running. Indebs associated with the species, ingléx associated with



the age ¢; s is the average life expectancy)is the simulated period ankl the
environment.

Objects
Hy, CoH't,C' i H' i c42, B, M, S, B' 12, BE oz o, MEje, SEi, BE' ¢ 10, ME' 1 SE'
represent the biomass, the objects that inclutler$d or B are associated with bone
biomass and’, M or S with meat biomass.

FO0, andF, are used to generate external contributions §ugplementary
feeding).D; is an object used to count the existing animalspeties. If a species
overcomes the maximum density values, it will bgutated. Objectd;, a; ande;allow
us to control the maximum number of animals pecigsan the ecosystem (i.e.,
carrying capacity). When a regulation takes plabggcta; allows us to eliminate the
number of animals of speciéshat exceeds the maximum densltys an object used to
change the charge of the membrane. The objectEndcop; indicate the period in
which the model is working. At the end, obj&andR; are a counter that allow the
synchronization of the P system.

Some objects go the environment as they leavekihareembrane (labelled with
0); all objects that appear in different configioas of the environment are the

environment alphabet and in the case of the praposmlel is:

J— ! A !
2= {ZEi,j,c+2,k:ZEai,j,c+2,k:ZEmi,j,c+2,k' ZE i jcro i ZEQ i jcropr ZEM 1 choi

Wierao X'y, 1SISN, 0<j<gig1<c<21<k<E}U

{BE, 421, ME}, SE;,, BE' 421, ME',SE’,,BM3,,1 < c <21 <k <E}U
{d;,d';,a;,e,1<i<N}

The model has been structured in six modules (Ei§uand is formed by 188
types of evolution rules that run within the menm@asand 21 rules that are executed in
the environment; all of these rules can be rumé20 steps of the model, many of them
applied in parallel. The following describes thec@figurations involving a loop
(Figure S2).

To summarize the description of the model compag&D9 rules, we only will
describe the rules that correspond to the maingsses.

The first rule that applies is



cop[ 19— [coplf, 1<k <2
that changes the polarization of membrane 1 (carditipn 1) and activates the start of
the model run.

After this step, the objects associated with ars¥glandXs;; enter the
membrane labelled 1 with charge +; in the membskirewe maintain copies of the
objects associated with the populations of domestimals controlled by man.

In step 3, the rules of reproduction are appliegarallel. A breeding female
may or may not reproduce and if reproduction ixessful new individuals are
generated. The rules that allow the executionisfglocess are of the type:

1-¢G) 1% (gis <j < gia
Zi,j )
1

—_— mal
l<i<n, (males)

Lj

kiz @(i) 1° (g3 <j<g; .
S g Zk‘3] ,{g"3 =)< 8iw (breeding females)

2 bj%io 1<i<N.

(non-breeding females)

(1-kip) @(i) 7 _]0 { 8i3z =] < 8i4
1

iy ——
[~ Y 1<i<N.

@(i,)) is the percentage of females of speciasd agg. All objects of typeX;;
evolved to object typeZ;; indicating that the process of reproduction hanbearried

out, while the objects associated with females hlaae reproduced create new objects
of typeZ,,, the second subscript indicates the age is equial t

In the same step are applied the rules that gerseohjects associated with
annual food fixed contributions. Man makes contiitms through the food provided in
supplementary feeding sitesg(@d H) and the ecosystem by small animals (S):

[Fo, — Cgk'ngk'lMBk'lBak'CSMk'le]: 1<k<E

The subscripts associated with the objects aredh&ibutions (expressed in kg)
that are made in each period.

After the application of these rules we obtain¢bafiguration 3. To this
configuration the rules of natural mortality haveeh applied, removing the same

objects of typeZ;; and ZS;;, and those objects that are not removed ententiee



membrane (configuration 4). In the case of youngials, the mortality rules are of the

type:
0< ] < gi,3l

Z
1<i<4.

4 17 Mg + . .
il 13— [Z],, (young animals that survive)

mjqq 0<j<gi,,
zyl 132 {07 A

m; 1 ;1 IS the probability that a young animal of the spsc will die during

(young animals that die)

summer.
In the following two steps the feeding and contbthe density rule are applied.

In the first step all the scavengers eat excepgtifion vulture §{ = 4),

M + (83 << Zis
|Zija;B i Mfie — Wi.j]s'{gl'i < 1 < gl’s
i T (g, <j<
[Zi'jaiBfiJ Sfi,B g—G)Wl,]] '{gl’i z ]1 ; 21 5
3 S1=

+

[24,,- = Z”4,]-] 0<j<gs.
3

gi6 IS equal to 1 only for Egyptian vultures whoset tBemainly based on
remains of small animals, whereas for the othestawengers it is equal to 0.
f;; andf;g are respectively the amounts of biomass in kgookls and meat required for
each animalf;; is greater than 0 only for bearded vultures, beedoones are not part
of the diet of the other avian scavengers.
In the previous step the objects associated wetgtlffon vulture have evolved @',

. In the following step the griffon vulture eatseiiough food is available.
o + :
[Z//4’jaiBf1_7Mf1,8 e Wl,]]3’ g1’3 S ] S gi,S'
If there is an objeat; for an object; ; it means that this animal has sufficient

physical space; if in addition the number of olgeufttypeB andM that can be
accessed are equivalent to the energy needs, ithaldras sufficient resources and
evolves

In these rules, it is determined whether theren@igh food and space. Objects

Z;; that do not evolve into objeckg;; correspond to animals that did not have enough

resources (configuration 6).
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The next step is to send to the environment akbabjassociated with animals
that lacked resources and all resources that firéne first step these objects move out
of the inner membrane labelled with 3, then erttermembrane labelled with 1
(configuration 7).

, 0<j<gs
[231], 7 ”'3[#]3’{ 1<i <8

It could be the case that there was insufficieacsgdor some wild ungulates and
therefore these animals died leaving food resoutbesext step is to verify whether
there are resources for avian scavengers who la\eaten (configuration 8).

Subsequently, objects move to the skin membrandi(roation 9),

! ! 0 S j S (,57
|z i,j,3]1—’Zi,j,3[#]1,{ 1 <]i <glés

and finally these objects move to the environnfeanfiguration 10).

OSngi,SJ
1<i £4.

Once in the environment, they must be moved tethvironment,,, not associated

Z'i55], = 215 [#]o, {

with geographical area (configuration 11).

, , 0<j<gs
(Z i,i,s)ei* (Z i'j'3)e11'{ 1 g]i sgif

The following step is to enter membrane 0 (configions 12) and then membrane 1
(configuration and 13), and to then check whetherd are objects associated with

resources available to the animals that had ndvegidconfiguration 14). The rules that

apply are the type
gi,3 S] S gi,sl
fi7 o pfig]® PTMikv PTMiks | 1=sk<E
[ZEi,j,3,kaEi,s BE3”UMEU' ]1 — W i'].,3,5[ I71{ 1<s<E,
1<v<E
k 1<i<4.

Associated with the rules, there is the probabithigt an animal from the
environment can access resources framand v environments. In the rule shown,
the animal finds food in the environmenéind the accessible geographic space in the
environment (aEl-,S ) Thus this animal leaves their origirkaenvironment to breed
and lives in the environmeat

In the following configurations, objects move fradhe virtual environmeng,;,

to the physical environment where the animal lii¢esteps, configurations 15-18) and
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restores their initial configuration (configurati@f). These 20 configurations
encompass the entire summer season in the ecosystether 20 configurations

similar to the previous configurations are repeatét different parameters to simulate
the passage of the winter period. Hence, one ywahies 40 configurations and two

consecutive executions of the loop shown (Figure S2
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Supplementary Table S1. Maximum carrying capacity considered in each subktte
study area. Avian scavengers are expressed aqpaivbereas the rest of the species
are individuals ).

VA AR PJ PS AU C R B S N

Gypaetus barbatus 7 10 14 14 14 3 5 5 5 6
Neophron 1 11 22 7 15 2 5 9 10 14
percnopterus

Aegypius 0 10 20 3 10 0 0 3 3 10
monachus

Gyps fulvus 15 180 360 100 300 20 60 60 70 210
Rupicapra 2000 2000 600 4000 650 850 4000 2000 650 50
pyrenaica

Cervuselaphus 2750 70 1250 800 1000 200 250 1000 70 20
Dama dama 0 30 50 950 40 0 0 0 30 0
Capreolus 1700 250 1000 2000 850 850 650 1300 250 150
capreolus

Ovisorientalis 0 0 0 600 100 50 500 0 50 0

Sus scrofa 4500 2500 5500 8750 7500 7500 10000 12500 22500 4250
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Supplementary Table S2. Values of the parameters used in the model (famerdetails see Supplementary Table S3 and refeselcand
24).

9i1|9i2|Y9i3|9i4|Yi5 | Ydis ki,l ki,z ki,3 Mi11 | Mi1,2 | Mi21 | Mi22 hti,l hti,z hp; fi,l fi,z fi,3 fi,4 fi,s fi,6 fi,7 fi,s fi,9 fi,10
Sgrri)ile'[tl,lljss 1 1 8 20 21 1 0.7 0.5 1 0.02 0.04 0.03 0.01 0 0 0 00} 0 0 1 1 70| 24| 160 54
Neophron 1 1 5 24 25 1 0.75057| 1 0.02 0.04 0.02 0.05 0 0 [0 D 0 0 ] 1 0 40 0 PO
percnopterus
ﬁf)?’])g:;#js 1 1 5 24 25 1 0.7 0.5p 1 0.02 0.04 0.02 0.05 0 0 [0 D 0] 0 ] 1 0 13D 272
Gypsfulvus | 1 | 1| 5| 24| 25| of 07 0751 | 002 | 004| 002| 005 0 o @ DD D1 1 |0 132 | 272
Ruplca.pra 1 1 2 18 18 0 0.550.75| 1 0.2 0.4 0.02 0.04 0.3 0 [0 3 4 i 24 0[5 D.5 0 0 00
pyrenaica
gg{;’#js 1 1 2 20 20 0 0.5 07p 1 0.11 0.23 0.02 0.04 0.3 0 ] 12 15 P4 B6 Q0.6 0.6 [00)] 0 0
Damadama | 1 | 1| 2| 12| 12| o] 075055 1 | 017 | 033 | 002| 004 0 o, d 1 1 p B8 o0ps 026 | 0| 0| O
CapreOI us 1 1 1 10 10 0 067 1 1 0.19 0.39 0.02 0.04 0 0 q L l i 19 0725 .26 0 0 0
capreolus
Qvis
. . 1 1 2 12 12 0 0.5 0.9 2 0.2 0.4 0.0R 0.04 D 0 0 3 46 22 0.6 0.6 0 0 0 0
orientalis
Qus scrofa 1 1 1 4 6 0 0.5 05b 4 0.05 0.09 0.03 0.07 0.32 0.32 D a4 6 12 60 002525 0.0 0 0 0
Ovis aries* o| 1| 2| 8| 8| 0| 096075 1 | 005 | 01 | 001| 002 0 of 9 3 4 7 3 o0B5 d3® | 0| 0| O
Bos taurus o| 2] 2| 9| 9| o| o9 o9 1| o007 o004 o002 003 p o |o |60 | 6 | 5180025/ 03| 0| Oo| o O
Equus 1
0 3 3 9 20 0 0.97 0.9 1 0.01 0.02 0 0.01 0 0 Q 0 60 9 891.025| 0.4 0 0 0 0
caballus

*Including individuals fromCapra hircus populations
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Supplementary Table S3. Description of the parameters used in the model.

qrij- Number of animals of specieand age in the environmerit.

3 | N: Number of years to simulate.
£ Ng: Number of repetitions per year.
gi1: 1 for wild species and 0 for domestic species.
gi2: Age at which adult size is reached. This is the @agwhich the animal of
species consumes an adult diet with the same energeticresgants, and at
which time, if the animal dies, the amount of bies# leaves is similar to the
total left by an adult.
gi3: Age at which fertility begins in species
gi4: Age at which fertility ends in species
gis: Average life expectancy of species the ecosystem.
Jie: 1 when an important proportion of the diet of seeccan be based on
other small species (i.e. Carnivora, Leporidae)@ifwr the remainder.
k;1: In the case of ungulates, percentage of femdid¢iseospecies present in
- the population. For scavengers, percentage of pdithe species that can
5 breed. For both scavengers and ungulates the Sexatabirth is considered g
£ 1:1.
§ k; ,: Fertility ratio, proportion of fertile femalesahreproduce in the case of

ungulates and proportion of pairs with successfekting in the case of
scavengers.
k; 3: Number of descendants of fertile females of sadieat reproduce.

1S

m; 1 .. Natural mortality ratio in first years of speciesnd perioct, age< g; ,
(per one).

m; »,: Mortality ratio in adult animals of specieand perioct, age< g; , (per
one).

ht; 1: Percentage of males of the specikanted.

ht; ,: Percentage of females of the speciesnted.

hp;: 1 when after hunting the body of the animal of gt remains in the

ecosystem and otherwise 0.
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fi.1: Amount of bones (kg) provided by young animalsécies available, age

< Yiz-

fi2: Amount of meat (kg) provided by young animals pécies available, age
< 8i,2-

fi3: Amount of bones (kg) provided by adult animals of specesailable,
age= gij ;-

fi+: Amount of meat (kg) provided by adult animals of speciagailable,

age= gij ;-

fi5: Percentage of useful bones left by species

fie: Percentage of useful meat left by species

fi,7 - Amount of bones (kg) necessary per year and paheo$pecies
according to the energetic requirements of theesoger species in the summe
period.

fi.s: Amount of meat (kg) necessary per year and gahieospecies according
to the energetic requirements of the scavengeiegpatthe summer period.
fi.o: Amount of bones (kg) necessary per year and [pdireospecies according
to the energetic requirements of the scavengeiesgpatthe winter period.
fi10- Amount of meat (kg) necessary per year and gaheospecies according
to the energetic requirements of the scavengeiesgpatthe winter period.
Pr.c: Amount of bones delivered to supplementary feedites of the
environmenk during the period@ (c =1 summerg = 2 winter).

ay .- Amount of meat delivered to the feeding stationthefenvironmenk
during the period.

Ak.c: Amount of meat provided by small animals delivet@the supplementary
feeding sites of the environmehin the perioct.

ffrcz: Percentage of food available for the avian scgeenin the peripheral
zonez. The amount of food (kg) available is quantifiewespect to the
environmenk in the perioct.

TM;: Classification of the movements that can be nipdine species
according to their foraging abilities.

Pry, k»: Probability that specigswill move from environmenk to environment
v when there is a lack of resources for the type @fementlI'M;.
d; .1: Maximum density of speciasn the environmerk.

Output

N, oy; : Average and deviation of number of animals of sp&dior the year
simulated.

B, 0g; , M,, o;: Average and deviation of amount of biomass, b@amesmeat,
left for species and year simulated.

-
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Supplementary Figure S1. Representation of the structure of Bapulation Dynamic

P System mode| which is formed by membranes, regions, and ohjegtkitial
configuration of the model formed by five membraaksvith a neutral charge. The
type and amount of objects can vary between enwigms. In this example, a possible
communication between environments exists. Conlgrédte environment 1 can
communicate with the environment 2 and 3, and tivrenment 2 and 3 with each
other. The rules; andr, will be applied in parallel when possible. Theergl is

applied if membrane 1 has a neutral charge ankeimeigion below membrane 0 there
are two objecta. The ruler, will be applied if there are three objebttn membrane 3
with a neutral charge. In the case of the figheerule r; is applied two times in
environment 1 and one time in environment 2. Tlo@seé rule is only applied one time
in environment 3z, is an environment rule, as it satisfies the coowlé that were
applied randomly sending an objé&cto environment 2 or 3 (environment 3 in Figure

3). The rules are applied in a maximal way and ft@ia configuration b).
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Figure S1.
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environment 1 environment 2

environment 3

Membrane charge
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Membrane label
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Supplementary Figure S2. PDP model proposed for the study of the dynamii¢ee
avian scavengers is formed by six modules withtgfss The pass from one
configuration to another is carried out by applyatigpossible evolution rules at each

step.
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FO

FO

XAi: XSi Xi co(1)

Configuration 0. X objects are associated with
wild animals. XA objects with domestic
animals living throughout the year in the
ecosystem and the domestic XS nomads. The
other objects were used to generate external
inputs of food, control of animal densities
and to synchronize the model. In membrane
1 and 3, summer processes are performed

2 | while in membrane 2 and 4 the winter

processes are performed.

+
0
FO
3
d R co(l)
1
+
FO co(1)
3
di  R(0)
XA XS;;
+
F  co(1)
Ho CobB M S
a; e d
3
R(1) Z; Zs;

XA;  XS;

Configuration 1. The object co(1), which is in
skin membrane. When entering membrane 1
changes the polarization of the membrane
changes to positive. This activates the execution
of the processes corresponding to the model
summer period.

Configuration 2. The object co(1) which is in
membrane 1 enters membrane 3 by changing
the polarization of the membrane to positive.
The objects associated with animals must enter
membrane 1 so they can evolve according to the
processes running in the summer period.

The R counter starts its evolution; this step
ensures that the change of membrane charge 1
to neutral would not take place if there were no
objects associated with animals

Configuration 3. The object F0evolves as F
object generating objects associated with food
provided by humans and small animals. In the
same step the object d; enters membrane 3
generating new objects a; and e; that will allow
control of population density of each species. In
parallel runs the reproduction process evolving
objects X;; and XS;; to Z;; and ZS;; respectively,
generating new objects Z;,, and ZS;,,
corresponding to animals that are born.
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N 0 Configuration 4. In this step the rules that apply
F co(l) refer to mortality. These rules are applied
Hyo CoB M S randomly and according to the probability of
aid Z; ZS; death of each species. It eliminates a number of
D objects Zij, the rest enter membrane 3. An
3 object Djis created for each object Z;; that
R(2) enters membrane 3; the object is used to count
1 the existing animals of speciesi .
XA; XS
N 0 Configuration 5. If there are enough resources,
F co(1) H; G food and space, animals will survive, so the
BMS objects are associated not dissolve, in this case
a d; D; Z; Z; evolves to object W;. The species 4, griffon
2", W; vulture, in the case of a lack of resources, are
3 the last to eat, so the eat in the model in the
R(3) next step which is achieved by making them
1 evolve first. Z" ;.
XA; XS;
Configuration 6. In this step the rules that apply
0 0 are the feeding rules for the griffon vulture. By
R(4) F co(1) evolution of the counter R(3) to R(4) ensures the
Hi G B MS charge exchange of membrane 3.
a; di Dz
775 W, 5
1
XA XSj
0 Configuration 7. If there is lack of resources, the
F co(l) di 0 objects Z;; (associates to scavengers) do not
H, C evolve. If this object belongs to ungulates, it
w;; evolves to biomass objects and goes to
3 membrane 1.
R(5) Z; H”,5C,
as B MS
1
XA; XS




0
Fco(1)d;
H’,C';
W;
' 3
R(6) Z; H”3C' a
BBM S W7
Z'; Z’a; ’'m;;
1
XA XSj
0
F co(1) d;
H, C
W;
' 3
R(7)
1
H"i3 C'iai BPM S Z’ij Z'aij Z’mij
XAij XS'J
0
F co(1) d
H’, C'
W;;
' 3
R(8)
1
XA; XS;;

ZE'ijak ZE'aijsk ZE'mijsk aEy BE3 My Sy

F co(1)

R(9)

ZE'sc  ZF'ajse  ZE'mys aEy BE3, My Sy
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Configuration 8. Before to leave the objects Z;
(membrane 1) it is checked what resource has
been lacking. If the resource that is lacking is
space Z';; evolves to Z'my;. In the case of a lack
of food it evolves to Z'a;; and if both resources
are lacking it evolves to W"'j;.

Configuration 9. In this step all objects
associated with animals with a lack of resources
and surplus resources exit to the membrane
skin.

Configuration 10. In this step all objects
associated with animals with a lack of resources
and the objects associated with surplus
resources go out to the environment. This
objects keeping the environment from which
they come (k) and the period of the year that is
simulated (in this case 3 correspond to the
summer period)

Configuration 11. In this step the objects that
were in a physical environment pass to the
virtual environment e;;. In the environment e,
objects associated with animals and food do not
exist.

Environment e



F co(1)

R(10)

1
ZE;5c  ZEajsc  ZEmyj;y

aEik BE3k MkSk

0
0
Fco(1)
3
R(11) ZEj;s
ZEaijgk ZEmijgk
aEik BEgk MkSk
1
ol-
Fco(1)
3
R(12) ZEjz«
ZEaijgk ZEmin
aEik BE3k Mk Sk
1

’
Wiy
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Configuration 12. The objects that are in the
environment come into the skin membrane.

Configuration 13. In this step the objects pass to
membrane 1.

Configuration 14. In membrane 3, rules related
to the existence of resources are applied. Not all
animals have access to all resources, only those
who belong to the area in which they can move.
In the case that the animals have access to the
necessary resources, the associated objects
evolve to objects of type W'. In the same step
they arrive at the skin membrane. The
membrane labeled with 1 changes the
polarization indicating that the process has
been completed and will be able to dissolve the
remaining objects (except parts of the bones).
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Configuration 15. The objects associated with
animals that have enough resources must move
to the environment in which they have physical
space. The remaining objects, except part of the
biomass in the form of bones, are dissolved.
Some of the bones are covered by snow in the
winter and serve as a food resource for Bearded
vultures in the spring.

o 0
Fco(1)
3
R(13)
1
BE;
W'ijsk
0
0
F co(1) d
H, C,
W;
: 3
R(14)
1
XA]J' XS'J
X'ii1 BM3;
—10
F co(1l) d;
H, C
W; b
: 3
R
1
XA; XS;  X;
BM
0 0
Fo
3
R cop(2) d
HI Ci le
1
XA]J' XSij X]j BM

Configuration 16. In this step are the objects
associated with uneaten bones found in eqq
environment, while those associated with
animals are already in the physical environment.

Configuration 17. This step begins the
restoration of the initial configuration to start
the Winter processes. The object X'L-]- which is
in the environment enters the skin membrane as
Xij. BM3j moves to the environment e, as BM.

Configuration 18. The object F evolves
generating the object cop(2) indicating that the
winter period should begin simulation. The
objects Wj; must evolve to objects X;j; and
move to the skin membrane. Objects H'; and
C’; hold information on the amount of biomass
that leaves each species in each period, and
this information will be read in the membrane
skin.
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0 Configuration 19. In this configuration the initial
F 0 configuration has been restored and therefore
the next step in the process is initiated for the
winter period.
3
R d B
1

XAij XSij Xij Hi Ci CO(Z)

Configuration 20. Start of the processes for the
0 winter period.

di R co(2)




