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Abstract
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extinction of the sub-population of online networksers, thereby making Facebook
and alike disappear in the long run. Furthermoeestwow that the higher the propensity
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1. Introduction

Social interactions affect a variety of behaviang @conomic outcomes, including the formation of
opinions and tastes, investment in human capitedess to jobs and credit, social mobility,
subjective well-being and the emergence of colleciction, to name a few. While face-to-face
interactions have reportedly been declining in meoyntries over the last two decades (Putnam,
2000; Costa and Kahn, 2003; Bartolini and Sarrgci2@l4; Sarracino and Mikucka, 2016),
participation in social networking sites (SNS), lsues Facebook and Twitter, has steeply risen
(Duggan et al., 201%) The advent of online social networks has radjcetianged the way that we
interact with others and this change can have negonomic and welfare consequences.

In Bowling Alone Putnam (2000) suggested that technology-basedtprentertainment, such as
television, could replace face-to-face meetings@wid engagement in individual preferences. This
claim was supported by virtually any empirical testthe role of television, which was found to
displace encounters with friends, associationavigies and political participation (e.g., Brunidn
Stanca, 2008). Following Putnam’s argument abdavitgon, early Internet studies advanced the
“crowding-out hypothesis”, according to which, tidernet use crowds-out social engagement. As
television, a unidirectional mass medium, displasednany activities, it stands to reason that the
Internet, which allows for interactive communicationight induce a more powerful substitution
effect (DiMaggio et al., 2001). The first empiricgtldies of the relationship between Internet use
and face-to-face interactions supported the crogrdunt hypothesis (Kraut et al., 1998; Nie et al.,
2002). Subsequent studies, on the other hand, foonilicting results, suggesting that the effect of
Internet use may vary with users’ preferences aesgmal characteristics (see, for example,
Gershuny, 2003; Uslaner, 2004). Yet, these stualiesot conclusive: at the time of early studies,
using the Internet was predominantly a solitaryivagt that was connected with private
entertainment. The advent of online social netwaddically transformed the way that people use
the Internet, which largely extended the possibsito interact with others.

Despite the extent of the transformations broughobline networking, existing research on the
relationship between face-to-face interaction aiB-$nediated interaction is limited. There are
empirical studies on the effect of broadband acoassutcomes like social participation and voting
behavior (e.g., Bauernschuster et al., 2014; Fatiéd., 2014). A few authors specifically addressed
the role of SNS in some aspects of social capiteh @s face-to-face interaction and trust (Sabatini
and Sarracino, 2014a; 2015). These works put tlevding-out hypothesis into perspective,

suggesting that face-to-face and Internet-mediatgeraction may rather be complementary.

* Hereafter, online social networks, social netwogksites (or SNS) and online networking will bediss synonyms
for the sake of brevity. For a discussion abouinit@ns, see Ellison and Boyd (2013).
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Additionally, while early sociological studies inigtly suggested the risk of segregating the two
populations of Internet users and socially actimdividuals, more recent works illustrate the
emergence of two main types of social actors: tlvdse only interact with others face-to-face and
those who develop their social life both online atdough face-to-face interactions (e.g.,
Bauernschuster et al., 2014; Helliwell and Huar®4, Sabatini and Sarracino, 2014a). Theoretical
studies suggested that the two forms of interactimght be linked to the extent to which
communicating via the Internet might allow indivads to cope with distance and busyness in the
preservation of their social life (Antoci et alQ12a; 2014; 2015).

In addition, a third population of socially isoldténdividuals who devote an increasing share of
their time to work and private consumption seembéda@rowing in richer and emerging countries
(Putnam, 2000; Bartolini and Sarracino, 2014; Bantand Sarracino, 2015). Antoci et al. (2012b)
showed how the choice of social isolation mightebeational response, allowing individuals to
adapt to the relational poverty of the surroundingironment and reduction in leisure time.

To date, however, we lack a theoretical frameworkttidy how social interaction via SNS relates
to interaction via physical encounters and thenind@al withdrawal from social participation, as
feared by Putnam (2000) Bowling Alone

We add to previous literature by developing an ettohary game model of SNS-mediated social
interaction. In our simplified framework, agentsnazhoose between social interaction and social
isolation. The latter may be viewed as a drastimmfof adaptation to conditions of social decay,
increasing busyness and declining opportunitiesstarial engagement, which provides constant
payoffs that are independent from the behavioiodrs.

Following descriptive evidence concerning Italy aheé United States (Sabatini and Sarracino,
2014b; Duggan et al., 2013), we assume that spaaliive individuals can develop their social
relationships face-to-face or through online sonmtivorks. Those choosing social interaction can
adopt two alternative strategies: 1) to intera¢hliyy means of SNS and face-to-face encounters; 2)
not to use SNS and to only develop social relahiggsby means of face-to-face encounters. The
distinctive trait of these two strategies is the as6SNS.

The analysis shows that, depending on the configuraf payoffs and initial distribution of the
three strategies in the population, different Neghilibria can be reached. In particular, we found

that the stationary state, where all individualeade isolation, is always locally attractive. Thitis,

®> We do not use other tools for online communicaterch as emails and voice systems (e.g., Skypejlefining the
possible strategies of social participation. Teiécause such tools are commonly spread acrossithgopulation of
socially active individuals, independently of theise of online social networks. Descriptive statssfrom various
institutions report that virtually the entire pogtibn of online adults uses non-SNS-mediated tadlsonline
communication. Distinguishing them from other typé®nline socially active individuals would make sense. This
aspect will be further explained in Section 2.1.
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represents aocial poverty trapi.e., an equilibrium, where no one has an intéresmteracting with
others and everybody devotes all of their availéibde to work or private consumption.

Only the stationary states in which all individuplely the same strategy can be attractive Nash
equilibria. The dynamics leading to those statesseif-feeding, to the extent to which agents get a
higher payoff when they interact with agents tlaip the same strategy. When the three stationary
states are simultaneously attractive, the socieegp trap is always Pareto dominated by the other
equilibria and, therefore, it can be consideredhasworst-case scenario. However, the possibility
of interacting via SNS offers individuals a copigponse that allows “defending” their social life
from increasing busyness and a reduction in leigare. This can lead society to an equilibrium in
which all agents develop their social relationshipsugh a strategy that encompasses participation
in online social networks. Depending on the configion of parameters, this may be the second
best scenario, Pareto dominated by the equilibirumhich everyone interacts by exclusive means
of physical encounters. In this case, the widenafigthe agents’ opportunity set for social
interactions can prevent the achievement of thet best scenario. At the same time, however, it
allows society to avoid the worst-case scenarithefattractive social poverty trap. In all cashs, t
achievement of a specific equilibrium depends @nitiitial distribution of the three ways of social
interaction in the population.

In this scenario, the propensity for discriminatarsocially active individuals defines the struetu

of the basin of attraction of the social povergptr The higher the propensity for discrimination,
the greater the probability that individuals wiltionately segregate themselves, making society fall
into the trap.

Our contribution is related to at least three ditares. The first literature includes empiricaldéts
that documented a decline in face-to-face socidigngation in many countries (Putnam, 2000;
Costa and Kahn, 2003; Bartolini et al., 2013; Blaricand Sarracino, 2015). It also includes
theoretical studies that explain such a declineconnection with the negative externalities of
growth (Bartolini and Bonatti, 2008; Antoci et &2Q12b; 2013).

The second literature is by economists who themakyi and empirically analyzed how Internet use
may affect social capital (Campante et al., 2018¢ck et al., 2014; Bauernschuster et al., 2014;
Antoci et al.,, 2012a; 2014; Sabatini and Sarrac@l4a; 2015). Antoci et al. (2012a; 2014)
modeled the choice between two ways of social gpédiion, respectively based on Internet-
mediated and face-to-face interaction, in a franmmewahere the time available for social
participation is exogenously given. Antoci et &015a) added to previous work by including the

choice to withdraw from social participation. Theokitionary framework that is presented in this

® The classification of dynamic regimes is illustighin Section 5.



paper contributes to this body of research in sdweays. First, we introduce a new specification of
the social interaction mechanism (Section 2.1) teérmines the probability of meeting between
individuals belonging to each of the three gapulations that we account for. Second, the nesult
configuration of payoffs (Section 2.2) —which allwhe outcomes of interaction to vary according
to the type of agent with which people are matchades into account the propensity for
discrimination, allowing us to study its dynamid@ames in terms of segregation.

The latter aspect links our work to a third litewrat that refers to theoretical studies on social
interaction and segregation. Schelling’s (1969;139%&minal contribution explained how people’s
preference for interaction with similar others —atherefore, for discrimination of different others
generates dynamics that naturally lead to segmgaBischi and Merlone (2011) developed
Shelling’s work by formalizing a two-dimensional rdmic system to study segregation. The
authors showed how adaptive rules shape evolutlespthat lead to the emergence of different
collective behaviors in the long run. When memludra population are characterized by a limited
tolerance of diversity, the complete separationdibferent populations may occur. Radi et al.
(2014a; 2014b) further developed this frameworkabgplyzing the role of regulating institutions
constraining the number of individuals of a popolathat are allowed to enter and exit the system.
Our work adds to this literature by illustratingwhehe configuration of payoffs drives population
dynamics towards segregation. If we allow for afigumation of payoffs that reflects a preference
for interaction with similar others, then dynamwsl lead to the complete separation of the three
populations accounted for in our framework. Thisassistent with Bischi and Merlone (2011).

The rest of the paper is organized as follows.elctien 2, we describe the model and analyze the
evolutionary dynamics. Sections 4 and 5 presentbdmc results and classification of dynamic
regimes. Section 6 discusses the possible dynapriedicted by the model for a specific
distribution of the different forms of participaticsuggested by the existing empirical literature.

Section 7 concludes.

2. TheModel

2.1 The Social Interaction Mechanism

We consider an economy that is made up of a camin(of measure one) of identical individuals.
In each instant of time, each individual has to choose one of the purategjres of social
interaction that are mentioned in the introductéthis paper:

1) Interaction via online social networks and famdace. We call this strateg$N (because its
distinctive trait is the use of Social NetworkshelSN strategy entails different degrees of SNS-

mediated interaction according to individual prefares. In general, we think &N agents as



individuals who develop social ties via SNS at tlveinvenience—for example, by using Facebook
to stay in touch with friends and acquaintancefpoestablishing contacts with unknown others—
and meet their contacts in person whenever they ardmave time.

2) Interaction by exclusive means of face-to-fageoeinters. We call this stratetys (because its
players make No use of Social networks). The ergdievidence shows that, despite the steep rise
in the use of SNS, a remarkable amount of onlingtad¢hooses not to use them.

We take for granted that both strategies encomjp@sgse of other non-SNS mediated online tools
for social interaction to various extents (e.gteinet calls, emails, etc.). The distinctive tdithe
two strategies is the use of SNS for social intiwac which has two remarkable features: it allows
asynchronous and complex interactions; it genectds effects that may favor segregation to the
extent to which users get different payoffs whealidg with other users or with non-users.

3) Social isolation, i.e., a strategy in which agemho prefer to devote all of their time to workda

to forms of private consumption that do not engay significant relationship, neither online nor
face-to-face (Antoci et al., 2015a). We call thimegyNP (for No Participation)NP players tend

to replace relational goods (e.g., playing a chesshament with friends) with material goods (e.qg.,
a software for playing chess with a computer). Wsuane thaNP agents do not retire from work
and that their social relations are limited to lo@ job interactions.

The withdrawal from social interactions modeledhwiite NP strategy may be viewed as a drastic
form of adaptation to conditions of social decagttimake NP players’ payoff constant and
completely independent from the behavior of oth&he notion of defensive choices is not new in
the literature. Hirsch (1976) was the first to auuce the concept of defensive consumption
induced by negative externalities of growth. Thisdkof consumption may occur in response to a
change in the physical or social environment: li# environment deteriorates, for example, through
dirtier air or more crowded roads, then a shiftr@sources to counter these “bads” does not
represent a change in consumer tastes but a respmms$he basis of existing tastes, to a reduction
in net welfare” (Hirsch, 1976, p. 63). Antoci et @012a; 2013) generalized the study of defensive
consumption choices to the case of a deterioratoggal environment. If the social environment
deteriorates, for example, in relation to a shift grevailing social values or decline in the
opportunities of social engagement, then individualight want to replace the production and
consumption of relational goods with the productimd consumption of private goddsThe
authors suggested that the reduction in the tinaglabte for social participation could trigger self
feeding processes, leading to the progressivea@radithe stock of social capital.

" A peculiarity of relational goods is that it igtuially impossible to separate their productiomfroonsumption, since
they coincide (Gui and Sugden, 2005).
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We indicate the shares of individuals playing sigesSN NSandNP at timet with, respectively,
x1(t), x5 (t), x3(t ), where x4,x,,x3 >0 and x; +x, +x3 =1 hold. The social interaction
mechanism, which determines the payoffs of eachtegy, is described by the following

assumptions:

1) In each instant of timg¢ a share €(0,1) of the sub-population of sizg and of the sub-

population of sizer, of individuals respectively playing tH&N and theNS strategy are enjoying
their leisure time, which coincides, by assumptiwith their social participation time. We say that
these individuals are inLtnodé. The remaining share of such sub-populationd, Is-currently
working or engaged in private activities that haee(positive or negative) effect on the payoffs of
other individuals. We say that these individuaks iar'Wwmodé. All of the individuals choosing the

NP strategy, in the instant of tinteare inWmode

2) In each instant of time a sharen €(0,1) of the sub-population of size;, composed oEmode-

individuals playing theSN strategy, is interacting online via a social netig site with
individuals of the same type, while a shane df such sub-population is interacting via facddaoe
encounters both with individuals of the same typé mdividuals belonging to the sub-population
of sizelx,, composed of mode-individuals who adopt thRSstrategy.

3) In each instant of timg¢ an individual choosing either tH&N or the NS strategy has ah
probability of being a.modeindividual and a 1Hprobability of being &Vmodeindividual.

In addition, anLmodeindividual adopting the&SN strategy has a probability of interacting online
via a social networking site with individuals ofetisame type (i.eLmodeindividuals playingSN
and interacting online via a SNS) and a frobability of interacting via face-to-face encaenst
with individuals of the same type (i.&.modeindividuals choosingNand interacting via face-to-
face encounters) and witlmodeindividuals playing théNSstrategy.

4) In each instant of tim¢ Lmodeindividuals playing theNS strategy interact witimode
individuals playing the same strategy and with siare 1A of the sub-population ofmode
individuals playing thé&SNstrategy and currently interacting via face-toefancounters.

The values of the sharédsandn are assumed to be exogenously determined (i@xdn are
parameters of the model).

5) In each instant of timg everyWmodeindividual obtains the payofi, wherea is a strictly
positive parameteindependently from the strategy (eitf&¥ NSor NP) she adopts, and from the
distributionx,, x,, x5 of the strategies in the population. The soci&kraction betweehmode-

individuals andMmode-individuals gives players a payoff that isada O.



2.2 Expected Payoffs
We assume that the expected payoff of an indivicwpting theSN strategy is given, in each
instant of time, by:

EPsn(x1,%2) = (1 — Da + In(Blnxy) + 1(1 — n)[yl(1 — n)x, + 6lx,] =
=1 —=Da+pl?n?x; +ylI?(1 —n)?x; + §12(1 —n)x,

Where:

a)1—1 andl are, respectively, the probabilities to beWanodeindividual and anLmode
individual, whileln is the conditional probability to be drmmodeindividual (this happens with
probabilityl) interacting online via a SNS (this happens witbbability n). Any individual of this
type interacts via SNS with the sub-populationxgfexted sizénx, of individuals of the same type.
The parametef measures the benefit due to this type of intevactit is important to note that,
according to this game framework, the valuénomeasures either the probability to beLamode
individual interacting online via SNS or the expatshare oEmodeindividuals interacting online
via SNS in the sub-population (of sizg of individuals playingSN The parametar measures the
benefit from being inWmodeand, therefore(1 — [)a represents the expected benefit deriving
from working activity.

b) [(1 — n) is the probability to be abmodeindividual playing theSN strategy (this happens with
probability I) and interacting via face-to-face encounters (H@ppens with probability-f). Any
individual of this type interacts with the sub-ptgiion of the expected sizZ€1 —n)x;, of
individuals of the same type and with the sub-papoih of the expected siZe, of Lmode
individuals playing theNSstrategyyy ando are parameters measuring, respectively, the lisrodfi
these two types of interaction.

Analogously, the expected payoff of an individudbpting theNSstrategy is given, in each instant
of timet, by:

EPys(x1,x5) = (1 — Da + l[el(1 —n)x; +nlx,] =
=1 —-Da+el?2(1 —n)x; +nl?x,

Wheren ande are parameters measuring the benefits ofrmndeindividual adoptingNS due to
the face-to-face interaction with, respectivelyge tlsub-population of expected size, of
individuals of the same type and sub-populationttd expected siz&1 — n)x; of Lmode

individuals adoptingNand interacting via face-to-face encounters.



Finally, the expected payoff of an individual adogtthe NP strategy is given, in each instant of

timet, by:

EPyp =a >0

The description of payoffs highlights some point®at discrimination. First, a clear separation
occurs between those who choose to withdraw frocrakmteraction and all the other players. In a
senseNP players choose to segregate themselves from shefréhe population. Second, wh8N
players spend their leisure time interacting viaSStheyde factosegregate themselves from the
two populations oNSandNP players, who do not use online social networks.

The sub-populations of individuals playiN andNS can only meet in the context of face-to-face
interactions. The two extreme cage® ande< 0 entail discrimination. In these cases, in fadten
individuals adopting different strategies of papation meet face-to-face, they get a null or a
negative reward. As a result, they will prefer méeract with individuals of their same type. For
example SNplayers may want to check what happens in thdinemetworks while having dinner
with friends.NSplayers, who are not familiar with SNS, may, imtufeel uncomfortable sitting at

a table where everyone is checking a smartphoneadsf talking to each other. If this is the case,
the benefitse of the dinner forNS players may be null or negative. At the same tithe,
impossibility to check Facebook during face-to-facteractions —due, for example, to the moral
obligation to talk— can mak8&N players feel uncomfortable and anxious (e.g., Shun et al.,
2012). In this case, the benefd®f the dinner may be poor or even null or negatbreSN players
too. As a result,SN and NS players might want to discriminate each other &tefto-face
interactions. More generally, players’ preferermethieir similar type maybe interpreted as a matter
of homophily. Empirical literature has shown thafformal segregation spontaneously emerges in
relation to discrimination on the grounds of spedidividual characteristics and/or as a result of
peer pressures (McPherson et al., 2001). SNS sthdiee shown that online social networks are so
pervasive that they may well be considered as aiarindividual characteristic that prompt a
negative bias towards non-users and vice ¥ersa

On the other handSN players may get different payoffs when interactmth others of the same
type depending on whether the interaction takeseptaline or offline. Several experiments, in fact,

have shown that people behave online in a veryl@aeauay in respect to face-to-face interaction.

8 For example, according to tt®ocial Recruiting Survegonducted by Jobvite (2014), 92% of recruiters smaal
media for evaluating candidates. Furthermore, 94&olLiinkedIn, 66% use Facebook and 52% use Twittezse who
refer to Facebook, mostly use the platform to assasdidates’ “cultural fit”. People without Facekopages, in
particular, are viewed as “suspicious” by hiringmagers, according teorbes(Hill, 2012).
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Kiesler et al. (1984) observed that computer-mediatommunication entails anonymity, reduced
self-regulation and reduced self-awareness. ‘Tlezalhweakening of self- or normative regulation
might be similar to what happens when people bedess self-aware and submerged in a group,
that is, deindividuated’ (p. 1126). Deindividuatitwas, in turn, been found to be conducive to
disinhibition and lack of restraint (Diener, 197%iegel et al. (1983) found that people in
computer-mediated groups were more aggressive theyp were in face-to-face groups, as
measured by uninhibited verbal behavior. Deregutatand disinhibition encourage *“online
incivility”, which includes aggressive or disresgatbehaviors, vile comments, online harassment
and hate speech.

Antoci et al. (2015b), Sabatini et al. (2015) arab&ini and Sarracino (2015) argued that online
incivility may be a major cause of frustration afigsatisfaction, which suggests that the benefits o
the interaction betweeBN players could also be negative € 0) if the interaction takes place via

SNS, and positivey(> 0) if the interaction occurs face-to-face.

3.2 Evolutionary Dynamics
We assume that the adoption process of strat&ieNSandNP is determined by the well-known

replicator equations (see, e.g., Weibull 1995):

X, = x,(EPsy — ﬁ)
%, = x,(EPys — ﬁ) (1)
X3 = x3(EPyp — ﬁ)

Wherex,, x¥,, andx; represent the time derivatives of the functiapé&t), x,(t), andx;(t),

respectively, and:

ﬁ = xlEPSN + szPNS + XSEPNP

is the population-wide average payoff of strategies

Dynamics (1) are defined in the simpl&xillustrated in Figure 1, wherg, x,, x; = 0 andx; +
x, + x5 = 1 hold. The vertices d§ that is the vectors, = (1,0,0), e, = (0,1,0), ande; = (0,0,1)
correspond to the states in which all individualsgt a unique strategy, respectiveiid NSor NP.

We denotee; — ¢; the edge oEjoining e;with e;; thuse; — e, is the edge where only strategia
andNS are present in the population (see Figuree,l); e; is the edge where only strategiell

andNP are present, arng, — e; is the edge where only strategtSandNP are present.
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Figure 1. The simplexS, wherex,, x,,x; = 0 andx; + x, + x; = 1 hold. The vertices; = (1,0,0),
e, = (0,1,0), ande; = (0,0,1) correspond to the states in which all individuad®pt a unique strategy,
respectivelySN NSor NP.

It is easy to check that dynamics (1) can be writtethe following form (see, e.g., Bomze 1983):
x; = x;(e;-Ax —x-Ax), i =1,2,3 (2)

Wherex, represents the time derivatide;/dt of x;(t), x is the vectox = (x,, x,, x3), andA is

the payoff matrix:

(1-Da+el2(1—n) (1—Da+nl? (1-Da )

((1 —Da+pPn?>+yl?’1-n)? A-Da+6l’°(1-n) (1- l)oc)
A=
a a a

We will analyze dynamics (2) under the followingasptions:

Assumption |
EPsy(1,0) > EPys(1,0), that isfn? + y(1 — n)? > (1 — n): the SN strategy is better performing
than theNS strategy in a social context where all individuatiopt theSN strategy (i.e.x; =

1,x, = 0).
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Assumption |1
EPys(0,1) > EPsy(0,1), that isn > 6(1 — n): the NS strategy is better performing than tBé&l
strategy in a social context where all individuad®pt theNSstrategy (i.e.x; = 0,x, = 1).

Assumption kstablishes a minimal condition for segregatidms Tondition is always satisfied 4
and y i.e., respectively the benefits tHall players get when they interact online and fackte-
with otherSNplayers, are positive argli.e., the reward thdliS players get when interacting with
SNplayers face-to-face, is negative or equal to.Zerthis caseSNplayers will discriminate those
who do not use online social networks, a8 players will not have any specific interest in
engaging with them. More generalssumption Is satisfied if the value ofis lower enough than
Landy

Assumption llrequires that the benefitobtained bySN players that medllS individuals face-to-
face is lower enough than the benefit obtained N& players when they meet face-to-face
individuals of their same type. This condition &rtainly satisfied if7=0. In this caseNS players

discriminate, in face-to-face encounters, those adapt theSNstrategy.

4. Results
It is well-known that dynamics (2) do not changanfarbitrary constant is added to each column of
A (see, e.g., Hofbauer and Sigmund, 1988; p. 128)w@ can replace matri, in equations (2),

with the followingnormalizedmatrix B with the first row made of zeros:

0 0 O
B:(a b c):
d e f

0 0 0
= | el?’(1—n)—BIPn? —yl2(1 —n)? nl>?-612(1—n) O (4)
al — B1?n? —yI12(1 — n)? al —§1°(1—n) la

According to Assumptions land Il, a < 0 and b > 0 hold. Furthermoref > 0 always. The
dynamic regimes that can be observed urggsumptions bBnd Il can be classified taking into

account the following results.

Proposition 1
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1) The stationary state, —where all individuals play SN- is a sink (i.eisitocally attractive) if the

following condition holds (see matrix (4)):

d =al — BI?n? —yl?(1 —n)?<0 i.e., a < BIn? +yl(1 —n)? (5)

While it is a saddle point if (5) does not hold girch a case, the stable arm lies in the efge e,,
while the unstable arm belongs to the edge e;).
2) The stationary state, -where all individuals play NS- is a sink if tr@ldwing condition holds

(see matrix (4)):

e—b=al—nl*<0ie., a<nl (6)

While it is a saddle point if (6) does not hold girch a case, the stable arm lies in the efge e,,
while the unstable arm belongs to the edge- e5).

3) The stationary state;—where all individuals play NP- is always a sink.

Proof: See the mathematical appendix A.

Let us remember that:

* 1-—landl are, respectively, the probabilities to beAanodeindividual or anLmode
individual (playing either theSN or the NS strategy), whilen is the probability for an
individual playing theSNstrategyto be interactingnline via SNS.

* The parametex measures the payoff oMa@modeindividual.

* The parametef measures the benefits for Amodeindividual choosing theSN strategy
when she is interactinga a SNSwith individuals of the same type.

* The parameterg and & measure the benefits of dmmodeindividual choosing theSN
strategy when she is interacting via face-to-fatmanters with, respectively, individuals of
the same type and wittmodeindividuals choosing thBISstrategy.

» The parameterg and ¢ measure the benefits of dmmodeindividual adopting theNS
strategy when she is interacting face-to-face wabpectively, individuals of the same type

and withLmodeindividuals adoptingSN
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Note that conditions (5) and (6) are simultaneosdyisfied if the value of the parameter
measuring the (constant) payoff of tN® strategy is low enough. Differently froem ande,, the
stationary state; is always a sink, whatever the value of the patanae> 0 is.

When the pure population statgse,, ande; are sinks, they are also Nash equilibria (see, e.g
Weibull, 1995). In such a case, they can be ingtgor as stable social conventions representing
self-enforcing configurations of the social envimoent.

In our model, individuals’ welfare evaluatedeat e,, ande; is measured, respectively, by:
EPsy(1,0) = (1 — Da + BI?n? + y12(1 — n)?
EP\ys(0,1) = (1 — Da + nl?

EPNPZOI

The following proposition deals with Pareto domicamelationships among the stationary stajes

e,, andes.

Proposition 2. The stationary state; —where all individuals play SN- Pareto dominates th
stationary state, —where all individuals play NS- (i.&Psy(1,0) > EPys(0,1)) if:

n<pn®+y(1-n)? (7)

and Pareto dominates the stationary stafewhere all individuals play NP- (i.eEPsy(1,0) >
EPyp) if:

a < fln? + yl(1 — n)? (8)

The stationary state,—where all individuals play NS— Pareto dominates $itationary state;—
where all individuals play NP- (i.eEPys(1,0) > EPyp) if:

a <nl (9)

Proof: Straightforward.

It is important to note that (8) and (9) coincidespectively, with the stability conditions (5) afty.

Therefore, ife;ande, are sinks, then they Pareto dominate the statjastatee;—where individuals
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withdraw from social participation. This impliesath in the context in which at least one of the
stationary states, ande,are sinks, the stationary statg(which is always locally attractive) can
be interpreted associal poverty trapln the trap, everyone withdraws from social gapation and
devotes all of their available time to work andipte” activities, e.g., work and consumption that
do not entail any significant social relationshipe “social poverty” that derives from this situati
—manifesting, for example, in the scarcity of pap@étion opportunities and in the strengthening of
materialistic values— makes social interactionicliftt and unrewarding.

Also note that the Pareto dominance relationshipvéene; ande, (see (7) does not depend on the
stability conditions (5) and (6), and, consequerdlymay Pareto dominate, or vice versa,
independently from their stability properties.

The following proposition concerns the existence atability properties of the other possible
stationary states of dynamics (2), that is, thdistary states where at least two, among the

available strategies, are adopted by (strictly)jtpasshares of the population.

Proposition 3
1) A unique stationary state in the interior ofi®.( withx; > 0 all i = 1,2,3), where all strategies
are played, exists if:

ae —bd = B{c(1 —n)[a —6l(1 —n)] + a6(1 —n)} +
+B3{ml - a)[pn* +y(1 —n)*] —an} >0 (10)

Such a stationary state is always a source (ites, iepulsive). If condition (10) does not holdemn
no stationary state exists in the interior of S.

2) A unique stationary state always exists in ttigee, — e, (not coinciding with eithee, or e,)

of the simplex S (see Figure 1); it is a saddlenp@iith unstable manifold lying &y, — e,) if the
stationary state in the interior of S exists (seapone of this proposition), otherwise it is aisze.

3) A unique stationary state exists in the eelge e; if d < 0 (see condition (5), and it is always a
saddle point (with unstable manifold lyingap— e3). If d > 0, then no stationary state exists in
e, — es.

4) A unique stationary state exists in the eege e; if e — b < 0 (see condition (6), and it is
always a saddle point (with unstable manifold lying, — e3). Ife — b = 0, then no stationary

state exists i, — e5.

Proof: See the mathematical appendix A.
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5. Classification of Dynamic Regimes

Bomze (1983) provided a complete classificationtwd-dimensional replicator equations. The
above propositions allow us to select, among athefphase portraits illustrated in Bomze’s paper,
those that can be observed under the dynamicsn(Bigures 2-8, sinks (i.e., attractive stationary
states) are indicated by full dots, sources (iepulsive stationary states) are indicated by ajms
and saddle points by drawing their stable and biestaranches. The basins of attractioregfe,,
ande; are, respectively, in yellow, blue and pink. Aatiog to Proposition 3 (and to Bomze's
classification), every trajectory starting from amtial distribution of strategieg; (0), x,(0),
and x5 (0) —neither belonging to a one-dimensional stable notohibf a saddle point nor coinciding
with a stationary state where more than one styategadopted— approaches one of the pure
population stationary states, e,, ande;. In the following subsections, we will present the

complete classification of the possible dynamiggmes that can be observed under equations (2).

5.1. Regime One: Conditions (5) and (6) Hold

In this context, all of the verticeg = (1,0,0), e, = (0,1,0), ande; = (0,0,1) are simultaneously
attractive and the regimes illustrated in Figuresartd 3 can be observed. The former —
corresponding to the phase portrait number 35 (BP#3Bomze’s (1983) classification— occurs
whenae — bd < 0 (i.e., when a stationary state in the interioBaloes not exist, see condition (10),
while the latter —corresponding to PP#7— occursnwdee— bd > 0.

In this context, the stationary state= (0,0,1) —where all the individuals play theP strategy— is
Pareto dominated by the other locally attractirsgiehary states. This suggests thatNirestrategy
can be interpreted as an adaptive behavior thaitegeay want to play to protect themselves from
situations of relational poverty and decay of theraunding social environment. As clearly
illustrated in Figures 2 and 3, these regimes momgly path dependent. If the initial distributioh
the different forms of participation is close enbuge; = (1,0,0), i.e., ifx;(0) is high enough and
x,(0) and x5(0) are low enough, then the economy converges,twvhere all individuals adopt
the SN strategy. On the other hand, if the initial distition is close enough & ore;, then the

economy converges tg or e.
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Figure 2. Dynamic regime in which all of the vertices= (1,0,0), e, = (0,1,0), ande; = (0,0,1) are
simultaneously attractive and a stationary stathéninterior ofS does not exist. The basins of attraction
of e,, e, ande; are, respectively, in yellow, blue and pink.

Figure 3. Dynamic regime in which all of the vertices= (1,0,0), e, = (0,1,0), ande; = (0,0,1) are
simultaneously attractive and a stationary statbeninterior ofS exists. The basins of attractionaf e,
ande; are, respectively, in yellow, blue and pink.
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5.2. Regime Two: Condition (5) Holds, But (6) Does Not Hold
In this context, the vertices = (1,0,0) ande; = (0,0,1) are attractive, while, = (0,1,0) is a

saddle point. The regimes are illustrated in Figérand 5.

Figure 4. Dynamic regime in which only the vertices= (1,0,0) ande; = (0,0,1) are attractive, and a
stationary state in the interior 8fdoes not exist. The basins of attractior@nde; are, respectively, in
yellow and pink.

The regime in Figure 4 —corresponding to PP#37 amBe’s classification— occurs when —

bd < 0 (i.e., when a stationary state in the interioSaloes not exist, see condition (10), while the
latter —corresponding to PP#9— occurs when- bd > 0. In this context, the stationary state
e; = (0,0,1) —where all the individuals play ti¢P strategy— is Pareto dominateddyy= (1,0,0) —
where all the individuals play th8N strategy. Furthermore, the stationary stgte- (0,1,0) —
where all the individuals play theS strategy— is Pareto dominated by both the statjostates

e; = (1,0,0) ande; = (0,0,1).
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Figure 5. Dynamic regime in which only the vertices= (1,0,0) ande; = (0,0,1) are attractive, and a
stationary state in the interior 8fexists. The basins of attractioneginde; are, respectively, in yellow
and pink.

5.3. Regime Three: Condition (6) Holds, But (5) Does Not Hold

In this context, the vertices, = (0,1,0) ande; = (0,0,1) are attractive, while; = (1,0,0) is a
saddle point. The regimes are illustrated in Fig@end 7. The regime in Figure 6 —corresponding
to PP#37 of Bomze’s classification— occurs when- bd < 0 (i.e., when a stationary state in the
interior of S does not exists, see condition (10), while theetatcorresponding to PP#9— occurs
whenae — bd > 0. In this context, the stationary state= (0,0,1) —where all the individuals play
the NP strategy— is Pareto dominated &y= (0,1,0) —where all the individuals play thRS
strategy. Furthermore, the stationary stgte= (1,0,0)—where all the individuals play th8N
strategy— is Pareto dominated by both the statjosiatese, = (0,1,0) ande; = (0,0,1).
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Figure 6. Dynamic regime in which only the vertices= (0,1,0) ande; = (0,0,1) are attractive, and a
stationary state in the interior 8fdoes not exist. The basins of attractidrepande; are, respectively,
in blue and pink.

Figure 7. Dynamic regime in which only the vertices= (0,1,0) ande; = (0,0,1) are attractive, and a
stationary state in the interior &fexists. The basins of attractionegfande; are, respectively, in blue
and pink.
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5.4. Regime Four: Neither Condition (5) Nor (6) Hold

In this contextae — bd < 0 always holds (i.e., a stationary state in the iotesf S does not exist),
and the unique dynamic regime that can be obsdsvéllistrated in Figure 8 —corresponding to
PP#42 of Bomze’'s classification. In this regimee thnique attractive stationary stateeis=
(0,0,1), where all individuals withdraw from social parpation, which Pareto dominates both the
stationary states, = (1,0,0) ande , = (0,1,0).

This extreme scenario may be interpreted as thdtres exogenous conditions of social decay,
which make social participation (in any form) pgorewarding. For instance, the scarcity of
infrastructures for face-to-face interactions (emeeting places such as public parks, theatres,
clubs, associations) lowers the reward providedhayNS strategy. Furthermore, the poverty of
technological infrastructures for fast Internet esxc lowers the reward associated with 8i¢

strategy.

Figure 8. Dynamic regime in which only the vertex = (0,0,1) is attractive. Its basin of attraction is in
pink.

5.5 Discrimination and the Social Poverty Trap
The classification of dynamic regimes illustratedFigures 2-8 suggests that the structure of the

basin of attraction of the social poverty tr&p crucially depends on the propensity for
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discrimination of the two sub-populations of sdgialctive individuals. The higher the propensity
for discrimination, the greater the probability ttivadividuals will ultimately segregate themselves,
making society fall into the trap.

In fact, the less gratifying the interaction betw&\NandNSplayers, the more attractive the social
isolation strateg\NP becomes. If the rewardsande thatSNandNSplayers get when they interact
face-to-face is particularly low, then they botrghtibe tempted to withdraw from social interaction,
whatever the initial share of the sub-populatioopihg eitherSN or NSis. Notice that condition
(10) (when it holds, then a stationary state initierior of the simple)s exists) is never satisfied if
the reward®) ande are negative and low enough. In such a contegbgifstationary states ande,

are attractive (see the regime shown in Figuréh2y) the basin of attraction of the social poverty
trap e; is so large that it includes the area borderirg édgee; — e,, where theNP strategy is
almost extinct, the majority of the population sdlyi participates and the two strategies of social
participation NSandSN are uniformly distributed.

However, the basin of attraction of the social povérap e; does not include the areas in close
proximity to the edge; — e, if the rewardsd ande are high enough and, therefore, condition (10)
Is satisfied (see Figure 3). This result suggéets tf the two sub-populations 8NandNSplayers
have a limited tendency to discriminate each othvnich happens if the rewardsande that the
two types of player get when they interact facéatme are high enough- then society will less
likely fall into the social poverty trap in the essin which the initial level of social participati is
high, even if the two strategi®Sand SN are uniformly distributed, as it happens in th@aiypic
regime illustrated in Figure 3. On the other hamden the reward given by the interaction between
SNandNS players is particularly low, the two strategiesmuately may crowd out each other. A
similar crowding out effect also applies to the aync regimes illustrated in Figures 4, 5, 6 and 7.
In these cases, the basin of attraction of theabpoiverty trape; is so large that it also includes the
areas in close proximity to the edgie— e,. This means that society can convergesteven if the
initial share of the sub-population adopting thesiglo participation strategieSN and NS is

particularly high.

6. Supplementary Result: A Prediction of the M odel

There is growing empirical evidence showing thaefto-face interaction is associated with higher
levels of well-being than SNS-mediated interactiodsing Italian cross-sectional data, Sabatini
and Sarracino (2014b) found that subjective weihdpas positively correlated with face-to-face

encounters and negatively correlated with SNS-ntediateractions. Helliwell and Huang (2013)

reached a similar conclusion by comparing the Welhg effects of online and offline friendships
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in a Canadian sample. Kross et al. (2013) examthedissue using experience sampling. The
authors text-messaged people five times per daywforweeks to test how offline and Facebook-
mediated interactions correlate with aspects ofestive well-being (SWB). Results indicate that
Facebook use predicts negative shifts in SWB, wiaitee-to-face interactions show no significant
effect. Based on a survey conducted on a reprdsentample of 2,000 French Facebook users,
Pénard and Mayol (2015) found that Facebook intesfavith subjective well-being through its
effects on friendships and self-esteem. Their tesliow that people who also use the network to
seek social approval in the form of mdrikestend to be more unsatisfied with their life. Semliy,
Sabatini and Sarracino (2015b) drew on Italianes@ntative data to show that the use of SNS is
associated with lower levels of satisfaction wigélspondents’ income, differently from face-to-face
interactions, thereby suggesting that the use bh@metworks can raise material aspirations with
detrimental effects for SWB.

Overall, the empirical evidence suggests the caewee of further analyzing the dynamics

occurring in the region of the simplex where:

EPys(x1,x2) > EPsy(xq, x7)
In this region, the reward provided by a stratefgaxial participation exclusively based on face-
to-face interactions is higher than the benefitbeamted with the use of SNS (tB&lstrategy). The
following proposition allows the prediction of tipessible evolution of the shares of the population

X1, X5, X3 adopting the three strategies ina society, staftiom an initial configuration of payoffs

that are consistent with the evidence mentionedab®., where:
EPys(x,(0),x,(0)) > EPgy(x1(0),x,(0))
Proposition 4
The set in which
EPys(xq,%x5) > EPsy(xq,x3)

holds (where the payoff of strategy SN is lowenftiet of strategy NS)and the set in which

EPys(x1,x3) < EPsy(x1,x3)
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holds (where the payoff of strategy SN is highantthat of strategy NS) are invariant under
dynamics (2). That is, every trajectory startingnfr the former cannot enter the latter, and vice

versa.

Proof: See the mathematical appendix B.

Proposition 4 states that, if the payoff associatéd NSis initially higher than the one associated
with SN then it will always be higher than that providgdSN unless exogenous perturbations will
change the model’'s parameters. As a result, theomep cannot converge to the stationary state
e; = (1,0,0), where all individuals adopt th&N strategy if starting from the region in
which EPys > EPsy holds. This means that almost all of the trajeetostarting from such a region
will converge toe, —where all individuals socially participate by kigive means of face-to-face
interactions- or tee; —where nobody participates. Only one trajectony ezach the edgs — e;
where theNS and theNP strategies coexist. In any case, the analysisynamics suggests that

society will converge to equilibria where no onepid theSNstrategy.

7. Conclusions

In this paper, we developed an evolutionary gamdehto study the dynamics of different modes
of interaction in an era that is characterized lsyeep rise in the use of online social network® an
the supposed decline in face-to-face social paeten. In our framework, individuals can choose
to withdraw from social relations or interact witithers by means of SNS and/or face-to-face
encounters. The analysis showed that, dependinth@rconfiguration of payoff and the initial
distribution of the various modes of participatiorthe population, different Nash equilibria could
be reached. If we allow a configuration of paybiittis compatible with individuals’ preference for
similar others, then discrimination will lead toethsegregation of the three sub-populations
accounted for in the analysis and, ultimately, te survival of only one of the three. Every
trajectory starting from an initial distribution sfrategies neither belonging to a one-dimensional
stable manifold of a saddle point nor coincidinghva stationary state, where more than one
strategy is adopted, will approach one of the pagulation stationary states.

If the reward for social withdrawal is low enoudhen the stationary states, where all individuals
play one of the two strategies of participatienande,, are locally attractive. In this case, they both
Pareto dominate the stationary state, where everyoithdraws from social interactiores.

However, there is no Pareto dominance relationseipreere; ande,.
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If e, ande;, are attractive, then the former can Pareto domitiet latter or vice versa, but both the
equilibria Pareto dominate the social poverty tegp The dynamic regimes are strongly path
dependent. If the initial distribution of the threeategies is close enoughép then the economy
will converge toe;. The same can be said mandes. The social poverty trag, on the other hand,

is always a sink, whatever the payoff of sociahdrawal is.In this scenario, the withdrawal from
social participation can be interpreted as a défenlsehavior in the sense theorized by Hirsch
(1976). Individuals, in fact, might want to copethvihe deterioration in the social environment
surrounding them and/or the increasing busyneaseckto their material aspirations by choosing to
limit their social relationships to a minimum. Thiesult is related to previous research that studie
how growth may cause negative externalities onasaeiationships and social cohesion (Putnam,
2000; Bartolini and Bonatti, 2008; Antoci et alo(Z, 2012b, 2013; Bartolini et al., 2013; Bartolini
and Sarracino, 2015a). These studies claimed higatise in material aspirations and the need to
work more might tighten time constraints, causireedoration in the social environment and
prompting a gradual withdrawal from face-to-faceractions

Social withdrawal is self-feeding, in that the heghhe share of the population renouncing to social
participation, the poorer the social environmentdmees, for example, in terms of social
engagement opportunities. People playing M strategy will ultimately decide to segregate
themselves from the rest of the population.

In all of the possible cases, corresponding todfiagionary states;, & andes, the segregation
entailed by individuals’ tendency for discriminatiovill lead to the survival of only one of the
initial sub-populations.

The model also allowed us to study the future afiadgparticipation in a world in which social
interaction via online networks is less rewardirwart offline interaction. This scenario is
particularly interesting as it is consistent withdings from the most recent empirical studies
comparing the effect of face-to-face and SNS-mediatteractions on individuals’ well-being. Our
results suggest that dynamics starting from thenado will lead theSN strategy to extinction,

which entails that Facebook and alike will disappea
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Mathematical Appendix A
Dynamics (2) is equivalent (see Hofbauer, 1981héolLotka-Volterra system:

X =X(a+ bX) (11)
Y =Y(d +eX + fY) (12)

via the coordinate change:

X4 = ! X, = X Xa2 = Y
T 7 q4x+y” 72 7 14x+y’ 73 T 14x+y

(13)

From whichX = x,/x1 andY = x3/x.
Please note that, by the coordinate change (18)etlyee; — e, of the simplexS (see Figure 1)
corresponds to the positive semi-akis- 0 of the plane X)Y), the edge; — e; corresponds to the

positive semi-axi¥ = 0 and the verter; corresponds to the poirX,{¥)=(0,0) (see Figure 9).
x=0

“=0

|

1

0 -a
b

Figure 9. Arrow diagram of the Lotka-Volterra system. The edg— e, of the simplexS corresponds to
the positive semi-axig = 0 of the plane X,Y), the edge; — e; corresponds to the positive semi-axis
X =0, and the vertex; corresponds to the poinK{)=(0,0). The set in whiclt'Psy > EPys holds
coincides with the region on the left of the vatistraight lineX = —a/b.
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According to equation (11X = 0 holds along the axi¥ = 0 and along the vertical straight
line X = —a/b>0; furthermoreX > 0 (X < 0) holds on the right (respectively, on the leff) o
X = —a/b. According to equation (12¥, = 0 holds along the axig = 0 and along the straight
lineY = —d/f — (e/f)X. Furthermorey > 0(Y < 0) holds above (respectively, belo¥)=
—d/f —(e/f)X.

Remembering that < 0,b > 0,and f > 0, we have that a unique stationary state Wt#0 and
Y>0, (X,Y) = (—a/b,—d/f + (ae)/(bf)), exists if and only ifae > bd (condition (10) of

Proposition 3). The Jacobian matrix of system (IP), evaluated &tX,Y), is a triangular matrix:

10 = (5 7)

With eigenvaluesbX > 0 (in direction of= —a/b ) andfY > 0. So(X,Y) is always a repulsive
node (this completes the proof of point one of Bsmon 3).

By following similar steps, it is easy to checkttha

1) The Lotka-Volterra system (11)-(12) always admaitunique stationary stai¥,Y) = (—a/b,0),
with —a/b > 0, belonging to the positive semi-a¥is= 0 (corresponding to the edge— e, of
the simplexS, see Figure 1). Such a stationary state is a egutdht (with unstable manifold lying
inY =0, and stable manifold lying i¥ = —a/b) if the internal stationary staf&l,Y) exists;
otherwise it is a source (point two of Proposit&)n

2) The Lotka-Volterra system (11)-(12) admits aquei stationary staigX,Y) = (0,—d/f), with
—d/f > 0, belonging to the positive semi-axis= 0 (corresponding to the edge — e; of the
simplex$§) if d < 0. Such a stationary state is always a saddle pothtunstable manifold lying in
X =0. Ifd =0, then no stationary state with> 0 exists in the positive semi-ax{s= 0 (point
three of Proposition 3).

3) The stat€X,Y) = (0,0) (corresponding to the vertex of the simplexS, see Figure 1) is always
a stationary state; it is a saddle point (with abkt manifold lying in = 0, and stable manifold
lyinginY =0)ifd >0 (i.e., if the stationary state in the semi-akis- 0 does not exist, see point
2 above), otherwise it is a sink (point one of gation 1).

The stability properties of the stationary stateande; (points two to three of Proposition 1), and

the existence and stability properties of the stetry state belonging to the edge- e; (point
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four of Proposition $)can be easily analyzed by applying Propositiorsdnd 5 in Bomze (1983),
who provided a complete classification of two-dirsienal replicator equations.

Mathematical Appendix B

The condition:
EPgn (x1,%,) > EPys(x1,x3)
can be written as follows:

ax, + bx, <0,
bx, < —axq,

X<-2
b

whereX = x,/x1. Consequently, in the positive quadrant of then@l&,Y), the set in which

EPsy > EPyg holds coincides with the region on the left of egtical straight line (see Figure 9):
X = —§>o (14)

Along the straight line (14X = 0 holds, while the set in whickiPsy < EPys holds corresponds to
the region on the right of (14). Since (14) canoetcrossed by trajectories (see Figure 9), the two
regions separated by (14) are invariant. Consetyjetery trajectory starting from the region in
which EPsy < EPyg cannot converge to the stationary st&gl’) = (0,0), which corresponds to

the stationary state, = (1,0,0). This completes the proof of Proposition 4.

% Such stationary states do not correspond to statjostates of the Lotka-Volterra system (11)-(12).
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