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rti cial life models of the evolution of communi
cation are often constructed such that honest signalling
is in the interests of oth signallers and receivers any
communication systems that evolve can therefore e
descri ed as cooperative or example erner yer
postulated lind mo ile males and sighted im
mo ile females the evolution of a signalling system
as in the interests of oth parties as it allo ed mat
ing to ta e place at etter than chance fre uencies
n ac ennan urghardt s model signallers
and receivers erere arded if and only if they engaged
in successful communicative interactions
ther models ¢ ley ittman liphant
have loo ed at the special case here communi
cation ould ene t receivers ut the potential sig

n a on

U

nallers are indi erent liphant argues that this is a
good ay to model the evolution of alarm calls for
example if one ird in a oc spots an approaching
ha it isclear that its conspeci ¢s ould ene tfrom
an alarm call o ever hy should the ird in ues
tion considered as a product of its sel sh genes give
the call  he models suggest that signalling ill not
evolve in these cases unless a mechanism such as re
ciprocal altruism or spatially induced in selection is
in place  ote that such mechanisms have no mystical
e ect they simply shift the expected tness payo s for
particular strategies such that communication is mu
tually ene cial

inally some or considers the evolution of
communication in situations here the t o parties
appear to have con icting interests heeler de
ourcier modelled aggressive territorial sig
nalling ulloc constructed a general model in
hich signallers of varying degrees of uality solicited
receivers for a favoura le response receivers ere re
arded for responding positively only to high uality
signallers  conclusiondra nin oth studies asthat
if signals ere su ciently costly eg long ela orate
tails or energetic ritual displays then relia le com
munication could evolve and persist over time  ul
loc made the more speci ¢ prediction that in order
for communication to e sta le the net cost of sig
nalling must e lo er for higher uality signallers see
also rafen o ever it could e argued that
such di erential signal costs e ectively render honest
signalling mutually ene cial e ill return to this
notion elo

ne goal of the current paper is to position previous

or in an overarching theoretical context o this

end some general models of the evolution of simple

signalling systems ill e presented the models ill

cover situations ith and ithout a con ict of interests
et een the t o interacting agents
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re s a ins discuss the ehavioural ecol
ogy of animal signals they vie signalling as a typ
ically competitive a air involving mind reading and
manipulation  ind reading consists of one animal ex
ploiting tell tale predictors a out the future ehaviour
of another eg a dog noticing the ared teeth of an
opponent, concluding that it is a out to attac and

eeing in order to avoid in ury  anipulation is hat
happens hen those eing mind read ght ac in u
encing the ehaviour of the mind readers to their o n
advantage or example a dogcould are its teeth de
spite not having the strength or inclination to attac
and thus scare o its mind reading opponent he au
thors predict evolutionary arms races et een manipu
lative signallers and sceptical receivers selection ill
act simultaneously to increase the po er of manipu

lators to increase resistance to it p he
result ill e increasingly costly signals
re s a ins admit ho ever that not all in

teractions are competitive in nature hey suggest
that hen the relia le transmission of information is
to the ene t of oth parties eg ee dances indicat
ing the location of nectar a di erent ind of signal
co evolution ill result Speci cally there ill e se
lection for signals that are as cheap as possi le hile
still eing detecta le conspiratorial hispers
re s a inss argument has een in uential

ut no formal usti cation ie model of it exists
second goal of the current paper is to test their predic
tion that evolved signals ill necessarily e more costly

hen there is a con ict of interests than hen the par
ticipants have common interests n order to do so it

ill e necessary to determine hether communication
should e expected hen signallers and receivers
have a genuine con ict of interests

on SO nees

he rst re uirement in constructing a general model
of communication is a classi cation scheme for deter
mining hen a con ict of interests exists et een sig
nallers and receivers  igure sho s such a scheme
adapted from amilton ssume that a success
ful instance of communication in a particular scenario
has tness implications for oth participants he t
ness e ect on signallers and the tness e ect on
receivers together de ne a point on the plane in

igure or example consider a hypothetical food
call y hichone animal alerts another to the presence
of a rich ut limited food source y calling and thus
sharing the food the signaller incurs a tness cost y
responding to the call the receiver ene tsthrougho
taining food it ould other ise have missed hus the

Effect on
receiver (F)
+
Altruism Cooperation,
mutualism
- + Effecton
signaller (Pg)
i Selfishness,
Spite competition
igure ossi le communication scenarios classi ed

y their e ects on the tness of each participant

call ould elocated in the altruism uadrant he
situations modelled y c ley ittman and

liphant here receivers ene t ut signallers
are am ivalent can e thought of as points on the pos
itive vertical axis ie  here and

Con icts of interest can e de ned as interactions
in hich natural selection favours di erent outcomes
for each participant rivers or in hich partic
ipants place the possi le outcomes in a di erent ran
order  aynard Smith arper Con icts of in
terest therefore exist hen and are of opposite
sign ie in the upper left and lo er right uadrants
Selection ill y de nition favour actions that have
positive tness e ects n the upper left and lo er
right uadrants one agent ut not the other ill e
selected to participate in the communication system
their interests con ict he spite uadrant does
represent a con ict of interests ecause agents ill e
mutually selected not to communicate

f the speci ed tness e ects of participating in a

communicative interaction are truly values and
already include such factors as the cost of signalling
and the cost of ma ing a response as ell as inclu
sive tness considerations and costs due to exploita
tion of the signal y predators etc then predicting
the evolution of the communication system is trivial

elia le communication re uires on average honest
signallers and trusting receivers and thus ill only de
velop hen and ie hen oth agents
are selected to participate o ever real animals
sometimes communicate despite apparent con icts of
interest  inde ecent models  rafen

ulloc have esta lished that in certain situa
tions here communication ould other ise e unsta

le increasing the production costs of the signal can



igure xtended form of the simple signalling game
Chart icons index payo sin a le

lead to a prediction of evolutionarily sta le signalling

herefore in the current model and refer to
gross tness e ects efore the speci c costs of produc
ing the signal and ma ing the response have

een ta en into account

S les nalln a e

f the signalling interaction is to involve information
transmission and allo for the possi ilities of decep
tion and manipulation it must e modelled as a game
of imperfect information in hich the signaller no s
something that the receiver does not igure sho s
the extended form of a simple action response game
that ful Is this re uirement he game egins ith a
chance move the central s uare in hich some state
is randomly determined to e either high or lo

he signaller has access to this state and e can sup
pose that it represents either a feature of the environ
ment that only the signaller has detected e g noticing
an approaching predator or a hidden internal state of
the signaller e g ovulation  ased on this state the
signaller player must decide hether or not to send
an ar itrary signal of cost he receiver player
is ignorant of the hidden state and only no s hether
or not a signal as sent the dashed rectangles sho
the receiver s information sets he receiver can re
spond either positively ie perform some action ap
propriate to the high state or negatively ie not
respond at all  ositive responses incur a cost f
and only if the hidden state is high a positive response
resultsin the payo s and  to the signaller and re
ceiver respectively a le speci esthe payo matrix

urd liphant and ulloc used
similar games ith di erent payo structures

he game models a range of possi le communicative

interactions or example suppose that the high state

State of environment
0 igh

o signal
eg response
0S response

Signal
eg response
0S response

a le ayo matrix for the simple game ntries in
the ta le represent the payo to the sender and receiver
respectively

represents the signaller s discovery of food Sending a
signal might involve emitting a characteristic sound
hile not sending a signal is to remain silent or the
receiver a positive response means approaching the
signaller and sharing the food hereas a negative re
sponse means doing nothing  arious possi ilities exist
esides honest signalling of the high state the receiver
might approach the signaller in the hope of o
taining food regardless of hether a signal as sent
he signaller might e uninformative and never signal
or only signal hen food as present  ne impor
tant feature of the game is that the signaller is am iva
lent a out the receiver s response in the lo state in
terms of the example this represents the assumption
that hen no food has een discovered the signalling
animal does not care a out hether the receiver ap
proaches or not
he strategies favoured at any one time ill depend

on the relative values of and as ell
as on hat the other mem ers of the population are
doing llo ing the ase tness e ects and

to vary across positive and negative values ill allo
the payo space of igure to e explored and thus
determine hether changes in signal and response cost
can produce sta le signalling in situations that ould
other ise involve con icts of interest  his ill e a

rst step to ards assessing re s a inss con
spiratorial hispers theory

ables ae es n es le a e

signalling strategy in the simple game speci es
hether to respond ith no signal S or a signal
Sig to lo and high states respectively i e ise a
response strategy speci es hether to respond nega
tively eg or positively os  hen faced ith no



signal and hen faced ith a signal  strategy pair is
the con unction of a signalling and a response strategy
eg S S os os is the strategy pair that spec
i es never signalling and al ays responding positively

he strategy pair S Sig eg o0s speci es sig
nalling only in the high state and responding posi
tively only to signals call this the honest strategy t
can e sho n that honesty 1ill e an evolutionarily
sta le strategy SS  aynard Smith if

hat is honest signalling is sta le if the costs of sig
nalling and responding are oth positive and if the
payo s in each case out eigh the costs he re uire
ment that and must oth e positive means
that the honest strategy is only expected to e sta le

hen the interests of the parties do not con ict

fthe possi le strategy pairs there are three e
sides the honest strategy that involve the transmission
of information in that the receiver responds di erently
to di erent hidden states  one of these three strat

egy pairs are SSs if and are oth positive
these t o values represent energetic costs and so can
not sensi ly e negative f ie if giving

a signal is of negligi le cost then the reverse honesty
strategy Sig S o0s eg can esta le although
and must still e positive t is also orth noting
that any mixed strategy involving S S os os
and S S os eg othnon signalling strategies

here the receiver al ays responds positively can e
an SS if the payo to the receiver is large enough
ie if

he analysis indicates that hile the cost of sig
nalling plays some role in sta ili ing the honest strat
egy there are no circumstances in hich sta le com
munication is predicted hen a con ict of interests ex
ists  his is despite the fact that e have separated
the costs of signalling and responding from the ase
tness payo s of a communicative interaction

ol ona s la on o el

ame theory is limited to descri inge uili ria an evo
lutionary simulation model of the simple game as also
constructed in order to determine hether communica
tive ehaviour might sometimes e found outside the
range of identi ed SSs
straightfor ard genetic algorithm as used
ach individual could play oth signalling and receiv
ing roles a strategy pair as speci ed y a four it

it value

flo state
f high state

o signal  Signal
o signal  Signal

esponse to no signal egative ositive
esponse to signal egative ositive
ale enetic speci cation of strategies

genotype as sho ninta le he population si e as
the mutation rate as per locus and due
to the trivially small genome crossover as not used
ach generation games ere played et een ran
domly selected opponents  n agent could therefore
expect to play games as a signaller and as a re
ceiver  he agent s tness score as the total payo
from these games or reeding purposes the tness
scores ere normali ed y su tracting the minimum
score from each  roportionate selection as then ap
plied to the normali ed scores he genetic algorithm
as run in this manner for generations n the re
sults presented elo the games played in the nal
ie th generation have een used as a snapshot of
the evolved signalling strategies
n attempt as made to investigate evolutionary
dynamics in that the initial populations ere not
determined randomly ut started as either honest
or non signalling onest initial populations ere
made up entirely of individuals ho played the hon
est strategy ie a genome of on signalling
populations under ent generations of preliminary
evolution in hich their receiving strategies ere free
to evolve ut their signalling strategies ere clamped
at ie no signalling or each class of initial con
ditions a simulation run as performed for all com i
nations of integer values of  and et een and

ma ing runs in all  ach run as repeated
times ith di erent random seeds  he values of
and ere xed at

Communication asindexed y cross ta ulating the
hidden state value ith the receiver s response and
calculating a chi s uared statistic he receiver has
no direct access to the hidden state so any relia le
correspondence et een state and response indicates
that information has een transmitted and acted upon

alues of the  statistic close to ero indicate no com
munication and values close to the maximum in this
case due to the games played in the

nal snapshot generation indicate near perfect com
munication

igure sho s the average values of the commu



Communication

Sender payoff

igure ean communication index vy and
honest initial conditions ach point is a mean calcu
lated over  runs  ean standard error

nication index for honest initial conditions Seeding
the population ith honesty tests the sta ility of hon
est signalling given a particular payo pair much as a
game theoretic analysis does  he results are compati
le ith the conditions outlined in the previous section
honesty is sta le hen the payo s to signalling and
receiving are positive and greater than the respective
costs o ever there is some suggestion of intermit
tent or imperfect communication hen
indicating that am ivalent receivers may occasionally
cooperate
igure sho sthe average values of the communica
tion index for non signalling initial conditions Start
ing the ith a non signalling population tests the
li elihood that communication ill emerge given a
particular payo pair Clearly the conditions for emer
gence and sta ility once present are not the same f
and communication develops ut hen
and it does not n the latter re
gion and the population remains at the
non signalling SS descri ed in the previous section
espite the fact that communication ould result in a
higher average tness the high value of eeps the
receivers responding positively all the time removing
any incentive for the signallers to other signalling
he di erence in results et een the t o classes of
initial conditions is interesting ut should not o scure
the fact that no communication as o served under
conditions of con icting interests e must conclude
that at least in the simple model discussed so far sta
le communication is only to e expected hen it is in
the interests of oth parties

a e a ables nal os s

n the simple signalling game signallers can choose
et een a costly signal or no signal at all he model

Communication

Receiver payoff

igure ean communication index y and
non signalling initial conditions  ach point is a mean
calculated over  runs  ean standard error

raph rotated for clarity

doesnot allo for arange of possi lesignals ithdi er
ing costs and in this respect it is unrealistic t may
e that re s a ins s implicit prediction that
signalling can occur hen a con ict of interests exists
is in fact true ut can only e demonstrated in a more
complex game ith a range of signal costs  he simple
signalling game see igure as therefore extended
to incorporate signals of di ering costs
n the extended game the signalling player has three
options not signalling  hich costs nothing using the
soft signal hich costs and using the loud sig
nal  hich costs Strategies in the extended game
re uire specifying the signal to give hen the hidden
state is lo  the signal to give hen it is high and the
response to give to each of no signal soft and loud
het o strategies representing conspiratorial hispers
or cheap signalling are S Soft eg os os and
S Soft eg os eg oth strategies call for the
soft signal to e used in the high state and for pos
itive responses to the soft signal the strategies di er
only in the response to loud signals  either of these
strategies can strictly e considered an SSonitso n
ecause neutral drift can ta e the population from one
to the other ut it can e sho n that the set of all
mixed strategies involving these t o is an SS under
the familiar conditions

Costly signalling ould involve the use of the loud
signal for the high state and either the soft signal
or no signal to denote the lo state ith a corre
sponding response strategy  one of the four strate
gies in this category can e an SS or example

S oud eg o0s os cannot ean SS assuming



positive costs of signalling and responding  he similar
strategy S oud eg eg os is almost sta le if
ut can drift ac to the previous strategy
hich can in turn e invaded y the cheap strategy
S Soft eg os os
nalysis of the extended game indicates that if sig
nalling is favoured at all then at e uili rium the sig
nallers ill al ays use the cheapest and the second
cheapest signal availa le ie no signal and the soft
signal urther extensions of the game y adding
ever more costly signalling options do not alter this
conclusion  one of the costly signalling strategies can
even e an SS let alone support communication in
the face of a con ict of interests  he possi ility of
expensive signalling arms races starts to loo remote
o ever it may e that the discrete signals used in
the games presented so far have had an un arranted
e ect on the results Certainly discrete and continuous
models of the same iological phenomenon can lead to
di erent conclusions compare aynard Smith
and ohnstone rafen
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second evolutionary simulation as constructed in
hich the cost of signalling as continuously varia le
Signalling strategies ere represented y t o positive
real num ers and the cost of the signals
given in the lo state and in the high state respectively
esponse strategies ere represented y a real valued
threshold positive responses ere given to signals
ith costs greater than the receiver s threshold value
ote that threshold value could e negative indicating
a positive response to any signal
real valued as used to simulate the evolution
of strategies over time  enerally the same parame
ters ere used as in the previous simulation model e g
a population of utation as necessarily a dif
ferent matter each real valued gene in each ne orn
individual asal ayspertur ed y arandom gaussian
value f a pertur ation resulted in
a negative cost value the result as replaced y ero
n addition of the time ie a mutation rate of
agene ould erandomly set to a value et een
and for signal costs or et een and for the
threshold value  his t o part mutation regime en
sured that o spring ere al ays slightly di erent from
their parent and occasionally very di erent
he parameter as no longer relevant ut
the cost of responding remained xed at onest
initial conditions ere implemented y setting
and on signalling initial
conditions ere implemented y setting to arandom

Communication

Receiver payoff

igure ean communication index y and
in the continuous simulation honest initial conditions
ach point is a mean calculated over  runs ean
standard error raph rotated for clarity

Communication

Receiver payoff

igure ean communication index y  and in
the continuous simulation non signalling initial condi
tions  ach point is a mean calculated over runs
ean standard error raph rotated for clarity

gaussian and then clamping
for generations of preliminary evolution
he use of continuous values immediately suggests
the possi ility of random noise and in trial experi
ments gaussian noise as added to oth the signalling
channel ie to the signals cost value efore it as
perceived y the receiver and to the payo values
and t as felt that these measures might intro
duce some realistic uncertainty to the game o ever
the results elo  erefound to ero ust ith respect
to the presence of noise results from noise free runs
only are reported
igures and sho the average values of the com
munication index for honest and non signalling initial
conditions respectively  he results are ualitatively
similar to those of the discrete simulation model com



Receiver payoff

igure ean cost of high state signals y and
honest initial conditions  ach point is a mean
calculated over ~ runs  ean standard error
raph rotated for clarity

munication occurs in oth cases ut in a more limited

range of the payo space for non signalling conditions
n neither case does communication occur outside the
cooperative uadrant

he continuous model also allo s investigation of
the cost and threshold values over the payo space
the cost of the signal given in response to the lo
state al ays remained close to ero this as unsur
prising as signallers are am ivalent a out the receiver s
response to the lo state o ever the value of
varied oth inside and outside the region here com
munication as esta lished igure sho sthe mean
values of for honest initial conditions  he sig
nals given in response to the high state are most costly
hen the payo to the sender is high and hen
the receiver s net payo is marginal ie n
order to study this e ect more closely additional simu
lation runs ere performed ith xed at and

varied et een and in increments of hese
runs can e thought of as exploring the cross section
through in igure igure sho s the cross

sectional mean values of ote that the energy

devoted to signalling is at a maximum around

and dropso as  increases itcan e seenfrom ig
ure that is approximately the point here
signi cant communication is esta lished he same
pattern as o served for non signalling initial condi

tions not sho n for reasons of space

he threshold values sho ed corresponding varia
tion igure sho s the mean value of across the
payo space he threshold values are typically very
high a never respond strategy or verylo an al
ays respond strategy  ut in the region here com
munication evolved receivers ecome progressively less

3.5

Cost

1
Receiver payoff

igure Cross sectional means se for high
state signal costs ith honest initial condi
tions  ach point is a mean calculated over  runs

Threshold

ORRORNWAG

5 Receiver payoff

igure ean threshold value y  and honest

initial conditions  ach point is a mean calculated over

runs  ean standard error raph rotated
for clarity

demanding ie gets lo er as increases  ig
ure  sho s the cross sectional results for

igure  plots the mean cost of high and lo sig
nals and the mean reception threshold all on one graph
his ma es the relationship et een costs and thresh
old clear at approximately the threshold
falls to a level here the mean high state signal ill
generate a positive response s increases ie as
the t o players payo s approach each other the sig
nallers ecome less extravagant and the receivers less
sceptical his is the game theoretic result
of the previous section hich implies that hen sig
nals of varying costs are availa le either the cheap
est pair of signals ill e used or no signalling ill
occur something li e igure ould e expected if
the soft loud signalling game accurately modelled the
continuous case
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igure Cross sectional mean threshold values
se ith honest initial conditions ach
point is a mean calculated over  runs
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runs
ote that the initial values of and  under
honest initial conditions ere and respectively
or all wut the highest values of has in

creased on average over the generation run  his
rules out any explanation of the results of igure

in terms of there having een insu cient evolutionary
time for a cheaper signalling e uili rium to have een
reached hen the pro t for receivers as
marginal  volution has ta en the populations

from the cheap signalling solution

S Ssomn

n all of the models presented communication evolved
or as predicted to evolve only ithin the coopera
tive region of the signaller receiver payo space his
means that no signalling at all costly or other ise

as o served hen the signaller and the receiver ere

Cost of high signal —
Reception threshold -
Cost of low signal -
4 i
=}
2 3r
¢
s
g 2t
o
1t
o Ls i I I ; n n n i i
-5 -4 -3 -2 -1 0 1 2 3 4 5
Receiver payoff
igure pproximate predicted results for igure

according to discrete cost game theoretic model

experiencing a con ict of interests  he second game
theoretic model in hich discrete signals of varying
costs are availa le suggests that communication if
selected for ill involve the cheapest pair of signals
availa le o ever the second simulation model in
corporating the more realistic assumption that signals
can vary continuously in cost implies that cheap sig
nals ill only eused hen oth parties stand to gain
a high payo from e ective communication  hen the
net payo to the receiver is marginal evolved signals

ill e more costly than strictly necessary to convey
the information  he relationship is not symmetrical

hen the net payo to the signaller is marginal a non
signalling e uili rium in hich the receiver al ays re
sponds positively is li ely to occur

re s a ins predicted that signalling
ould e costly if a con ict of interests existed strictly
spea ing the results do not support nor contradict their
prediction as no signalling occurred in the con ict of
interest cases t might e the case that con icts of
interest in the context of a di erent signalling game
ould indeed result in costly signals o ever it ill
e argued elo that the simple signalling game used
in the current models is plausi le and thus the fail
ure to evolve communication given con icts of interest
in this simple game strongly suggests that in many
natural contexts e g food calls alarm calls relia le
signalling should not e expected unless it is in the in
terests of oth parties  his conclusion is not altered
y separate consideration of the speci ¢ costs of pro
ducing a signal and of ma ing an appropriate response
to that signal

he results from the second simulation model do
not con rm re s a inss conspiratorial his
pers theory ut they de nitely suggest a modi ca
tion of it s igure sho s hen the net payo



to the receiver is marginal receivers ill e sceptical
and express sales resistance y responding only to
costly signals signallers in turn ill e prepared to in
vest more energy in convincing receivers to respond
positively hen communication is unam iguously
good for oth parties signals are cheaper and response
thresholds lo er  herefore oth expensive hype and
conspiratorial hispers are expected to evolve utin a
much smaller region of the payo space than re s

a ins s theory suggests ie  ithin the cooperative
region  xpensive hype is hat happens hen honest
signalling is highly pro ta le to the signaller ut only
marginally so to the receiver or example if a uve
nile ene ts y honestly signalling extreme hunger to
its parent  ecause the parent responds y feeding it

ut the net inclusive tness payo to the parent is only
slight then costly signals y the uvenile are expected

he evolutionary simulation models presented ere
unusual in their use of non random initial conditions
he use of non signalling initial conditions in particu
lar can e seen as an attempt to get at the origin or
emergence of communication rather than ust studying
the conditions for its sta ility as does orthodox game
theory  on signalling initial conditions em ody the
assumption that communication must emerge from a
non communicative context the un clamping of sig
nalling strategies after a period of preliminary evo
lution can e seen as the introduction of a mutation
that allo s the of signalling o the extent
that this paradigm is seen as plausi le results from
the t o simulations suggest that sometimes real orld
signalling ill not evolve despite a cooperative con
text receivers may fall into lindly optimistic strate
gies ie al ays responding positively that are less
e cient than the communicative e uili rium ut nev
ertheless sta le his is particularly li ely to occur
hen the net payo to the receiver is high he ex
pected payo for al ays responding positively ill of
course depend on the relative fre uency of high and
lo hidden states a factor that as not varied in the
models presented

here are several uali cations that must e made
concerning the results irstly the ay that con ict
ing and congruent interests have een de ned may e
too simplistic n the simple signalling game it is true
that ith positive net payo s to the signaller and the
receiver and if the hidden state is high oth agents
ill ene tfrom a positive response and they therefore
have congruent interests o ever if e consider the
moment efore the hidden state has een determined
it is not clear hether the interests of the t o agents
con ict or not f the signaller for example could
someho choose the strategy of its opponent the re

ceiver it ould ant the opponent to play an al ays
respond positively strategy that ay the signaller
ould al ays receive the payo and ould not have to
expend energy in signalling o ever the receiver if
similarly allo ed to determine the signaller s strategy
ould prefer that the signaller used an honest strat
egy precisely so that the receiver could avoid the costs
of responding positively to the lo hidden state e
call that rivers de ned a con ict of interests
as an interaction in  hich natural selection favours a
di erent outcome for each participant t seems that
the signaller and receiver in this situation favour dif
ferent strategies in their opponent and thus have a
con ict of interests even though a high value of the
hidden state ould mean that their interests ecame
congruent f this strategy ased de nition of con ict
ing interests ere adopted any situation in the coop
erative payo region assuming signalling had a pos
itive cost  ould involve a con ict of interests this
ould in turn mean that of the signalling o served
in the simulation models evolved despite a con ict of
interests  he pro lem is perhaps that riverss
and aynard Smith arper s de nitions are
not speci ¢ enough a out ust hat constitutes an
outcome of the signalling game  he simpler de
nition of con icting interests as used in the ody of
the paper is useful in isolating the cooperative region
of payo space as the place to expect signalling ¢
is not yet clear ho the results should e interpreted
if the strategy ased de nition of con icting interests
as pursued

second limitation of the results is that the sig
nalling game used is not li ely to e a universal model
of all possi le communicative interactions n par
ticular and despite having the same asic structure
ith t o signals possi ly used to transmit informa
tion a out a inary hidden state the signalling game
is di erent from those employed y urd and
liphant urd s game models sexual sig
nalling and the male signaller is am ivalent a out
the female receiver s response hen the hidden state is
lo the signaller al ays prefers a positive response
lo hidden state maps to lo male wuality a positive
response represents a copulative episode and even lo
uality males ant mating opportunities he current
signalling game in contrast cannot model so called
handicap signalling ecause lo state signallers do
not care a out hat the receiver does  urthermore
in oth wurdsand liphant s games receivers are ex
plicitly re arded for accuracy in discerning the hidden
state ut the game presented here allo s the ecolog
ically plausi le outcome that receivers simply ecome
disinterested in the signal  he current game is a rea



sona le model of situations such as alarm calls and
food calls in hich potential signallers have no rea
son to care a out hat receivers do hen no predator
has een sighted or no food source has een found

hereas urd s game serves as a discrete model of
situations here signallers vary on some dimension
the current game models situations here signallers
fall into t o groups only one of hich is relevant to
the potential response  urd s game has een used to
model the signalling of mate uality hile the current
game could e used to model the signalling of sexual
maturity uture or could certainly loo at games
li e urds heresignallersal ays ant a positive re
sponse in order to determine hether the apparent
con ict of interests is real and under hat circum
stances signalling evolves  ulloc s this vol
ume or considers these uestions

inally it must e stressed that the simple games

and simulations descri ed here are in one sense an un
fair ay to test re s a inss conspirato
rial hispers hypothesis re s a ins ere dis
cussing the li ely evolution of signals in complex real

orld cases and could therefore appeal to the e ects
of di ering mutation rates in signallers and receivers
and the exploitation of ehaviours that had originally

een selected for other purposes etc Communication
in the predicted costly signalling arms races as not
expected to esta le orexample in areal orld sit
uation here it as not in the interests of receivers to
respond positively to a particular signal from a preda
tor they might nevertheless continue to do so for some
time if the signal as structurally similar to a mating
signal made y mem ers of the same species he ma
nipulative signalling system ould rea do n assoon
as an appropriate se uence of mutations resulted in or
ganisms that could distinguish et een the predator s
signal and the conspeci ¢ mating signal n the sim
ple signalling model all this complexity is a stracted
into the ase tness payo s for signallers and receivers
and there is no guarantee that any transient unsta

le evolved communication systems ill e detected

he results suggest that in the long run signalling ill
not e sta le unless it is to the mutual advantage of

oth parties ut this is not to deny that costly sig
nalling arms races under conditions of con icting in
terest could occur in the relatively short term
models of communication are uni uely e uipped to in
vestigate such issues further

no le e ens

e e en es



