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Abstract

How and why animals communicate honestly is a key issue in biology. The role of
signal cost is strongly entrenched in the maintenance in honest signalling. The handicap
principle claims that honest signals have to be costly at the equilibrium and this cost isa
theoretical necessity. The handicap principle further claims that signalling is fundamentally
different from any other adaptation because honest signalling would collapse in the absence of
cost. Here | investigate this claim in simple action-response game where signals do not have
any cost, instead they have benefits. | show that such beneficial signals can be honest and
evolutionarily stable. These signals can be beneficial to both high and low-quality signallers
independently of the receiver’s response, yet they can maintain honest signalling just as much
as costly signals. Signal cost —at or out of equilibrium- is not a necessary condition of
honesty. Benefit functions can maintain honest signalling as long as the marginal cost -loss of

benefit- is high enough for potential cheaters.

Keywords: communication, honest signalling, costly signals, beneficial signals, benefit

function
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1. Introduction

Therole of signal cost in the maintenance of honest signalling seemsto be
unassailable. While thereis still an ongoing debate about exact nature of this role, all
participants agree that some kind of cost is necessary to maintain the honesty of
communication under conflict of interest [1-3]. Opinions and predictions diverge about who
and when shall pay this cost. The handicap principle [1, 4] predicts the most visible and
influential role for signal cost: signals have to be “wastefully” costly in order to be honest.
Thiscost isa“test” and this test is absolutely necessary condition for honest signalling.
Zahavi further argues that the selection for honest signalling is thus fundamentally different
from other selection processes; the former he calls as “signal selection” vs. the “utilitarian”
selection of the later [4, 5]. He argues while cost is an unavoidable “evil” for other

adaptations, it is a necessity for signals [4, 5].

On the other hand, recent models of “costly signalling” paint aslightly different
picture: The equilibrium cost for honest signallers can be zero or even negative, only potential
cheaters have to pay a cost [6-9]. It also turned out that partially honest, so called “pooling”
equilibria can be cost free [10, 11]. However, signal cost still seemsto be an essential
ingredient of honest signalling even in these models: (i) signals have a cost function and (i)

potential cheaters pay a cost for deviating from the equilibrium.

All in al, while these models challenge Zahavi’s main prediction about the role of
equilibrium cost, they do not challenge the role of signal cost. Here | show that signal cost is
not an essential ingredient of honest signalling: signals with benefit functions can be honest
and evolutionarily stable even under conflict of interest. | call these signals as “beneficial
signals’ as opposed to “costly signals’. | show the existence of a fully honest (separating)

equilibrium without any signal cost function at all. At this equilibrium both low and high-
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guality signallers benefit from the signals, that is, no one pays any cost at our out of

equilibrium, yet the signalling system is honest and it is evolutionarily stable.

2. The Model

The model is a simple action-response game widely investigated in the biological
literature [6, 7, 10-15]. It is atwo-player game with asignaller and a receiver, where the
receiver controls an indivisible resource. There are two types of signallers: low and high
quality. Both type benefits from obtaining the resource. The receiver only benefits from
transferring the resource to a high-quality individual. Signallers have an option to give a
signal; in the standard literature this signal is costly. This signal may or may not be not be
honest.

Thereceivers' fitness (F,) depends both on the signaller’ s quality (a), which can be high

(H) or low (L) and on the receiver’s response (2), which can be up (U): to give the resource, or
down (D): not to give the resource. The signaller’ s fitness (Fs) is the sum of the value of the
resource (V), minus the cost of signalling (C). The resource may be more valuable to low or to
high quality signallers, accordingly the value of the resource (V) both depends on the quality
of the signaller (a) and on the receiver’ s response (z). Last but not least, the cost of signalling
(C) depends on the quality of the signaller (a) and on the signaller’s behaviour (b), which can
beto signal (S) or not to signal (N). Accordingly, F, and Fs can be written up respectively as
follows:

Fr=W(a2) 1)

Fs=V(a,2)-C(a,b) )

The fitness of each player can beinfluenced (r) by the survival of the other player. For
example, they can be related, or they might belong to the same group (see Maynard Smith,

4
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1991). With the help of r it is possible to describe different situations, for instance, where this
interdependence is high (r>>0, e.g. parent-offspring communication) or situations without
relatedness and additional interactions (i.e. r=0). Based on these assumptions the inclusive
fitness of the signaller (Es) and the receiver (E;) can be written as follows:

E-=W(a2+rV(a2-Cab))

Es=V(a,z)-C(a,b) +rW(a,z) (4)

Let Vi, and V, denote the difference in fitness for high-, and low-quality signaller
respectively between obtaining the resource or not (Hurd, 1995; Szamado, 1999):

V, =V(H,U)-V(H,D), (5

V,=V(LU)-V(L,D). (6)
We can define Wh, Wi and Cy, C; in asimilar way:

W, = W(H,U) —W(H,D), (7)

W, =W(L,U)-W(,D). (8)

C,=C(H,S)—-C(H,N), 9)

¢, = C(L,S) — C(L,N). (10)

This notation will be used in the rest of the article (see Table 1. for a summary). Figure
1 depicts the signalling game, Table 2 gives the fitness values corresponding to each node.

Before proceeding to the new set of solutionsit is useful to recapture the conditions of
honest signalling. Honest signalling under conflict of interest can be characterized by three
sets of conditions[7]: (i) thereceiver’s, (ii) thesignaller’s (iii) and the conflict of interest
condition. The receiver’s condition states that the receiver should react to different signaller
differently. At the traditional signalling equilibrium it should give an Up (U) response to High
quality signaller but it should turn Down (D) Low quality ones. Accordingly, the following

inequalities must be fulfilled:
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W +rV, <0 (12)

W, +r1V, >0 (12)

The signaller’ s condition specifies that signallers should act differently at the honest
equilibrium: High quality signallers should signal (S); low quality signallers should not
signal (N) at the traditional signalling equilibrium. Accordingly, the potential benefits from
signalling should be larger than the cost for high quality signallers and vice versa:

V, +r'W <C (13)

V., +r'W, >C, (14)

Last but not least, the conflict of interest should be specified. It implies that receiving the
resourceis beneficial for both signaller types:

Vi +rw >0 (15)

V, +r'W, >0 (16)

Note that in all of these conditions both the benefit and the cost denote differences
between two actions (see Egs. 5-10): giving or not giving the resource (W), receiving or not
receiving the resource (V*), and finally giving or not giving asignal (C*). Accordingly,
negative values of Cy, or C; implies only that not giving asignal is more costly than giving (i.e.
C(*,N) > C(*,9); however, this condition tells nothing about the absolute values of C(*,9)
and C(*,N) . Here investigate the possibility of negative cost (benefit) in the absolute sense,

i.e. that both 0> C(*,S) and 0> C(*,N). Is honest signalling possible when signals for both

types have benefits instead of costs?
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3. Results

Differential cost model

Since the conditions of honest signalling did not change, one have to check whether
Eqgs. 13 and 14 can be fulfilled alongside of the benefit assumption (i.e. 0> C(*,S), C(*,N)).
Substituting the cost functions (C(*,S), C(*,N)) into the equations we get:

V, +rW <C(L,S)-C(L,N) (17)

V, +rW, >C(H,S)-C(H,N) (18)
We can see, that in order for the first inequality to be satisfied the benefit from non-signalling
has to be higher than the benefit from signalling for Low quality individuas; and it hasto be
higher so that non-signalling compensates Low quality signallers for the loss of not receiving
the resource:

V. +rW -C(L,S)<-C(L,N) (19).
The opposite relation holds for High quality signallers:

V, +rW, —C(H,S)>-C(H,N) (20).
The benefit of non-signalling has to be smaller than the sum of the benefit they get receiving
the resource and giving the signal.

Figures 2 and 3 depicts these and all other possible relations for Low and for High quality
signallers respectively, in adifferential cost model. There are five different regions for Low
quality signallers (Fig. 2):

i) in the first region both non-signalling (C(L,N) ) and signalling (C(L,S)) is costly;

(i) in the second region (which denotes the line where C(L,N)=0) non-signalling has

zero cost and signalling is costly, thisis the standard set of assumptions of

signalling models;
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in the third region non-signalling is beneficial (it has a negative cost) yet signalling
isstill costly;

in the fourth region (which denotes the line where C(L,S)=0) non-signalling is
beneficial and signalling has zero cost;

finally in the last, fifth region both non-signalling and signalling is beneficial. In
other words, in this last region Low quality signallers get a benefit regardless of
which action they chose, and this benefit is independent from the receiver’s

response yet signalling still can be honest and evolutionarily stable.

Table 3 gives numerical examples for al regions (benefits in the model are asfollows: Vi=1,

Vi= 1, W= 1, Wi= -1).

There are seven different regions for High quality signallers (Fig. 3):

(i)
(if)

(iii)

(iv)

v)

(vi)

(vii)
(viii)

in the first region both non-signalling (C(H,N) ) and signalling (C(H,S)) is costly;
in the second region (which denotes the line where C(H,N)=0) non-signalling has
zero cost and signalling is costly;

in the third region non-signalling is beneficial (it has a negative cost) yet signalling
isstill costly;

in the fourth region (which denotes the line where C(H,S=0) non-signalling is
beneficial and signalling has zero cost;

in the fifth region both non-signalling and signalling is beneficial; (vi) in the sixth
region signalling is beneficia yet non-signalling has zero cost;

in the sixth region (which denotes the line where C(H,N)=0) non-signalling has
zero cost and signalling is beneficial;

in the seventh region non-signalling is costly, yet signalling is beneficial;

and finally in the eights region (which denotes the line where C(H,S)=0) non-

signalling is costly and signalling has zero cost.


https://doi.org/10.1101/256248
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/256248; this version posted January 30, 2018. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

aCC-BY-NC-ND 4.0 International license.

Table 4 gives numerical examples for al regions (benefits are the same as before).

The traditional assumption is region 2 for both Low and High quality signallers (i.e. non-
signalling has zero cost but signalling is costly). However, all these regions fit the conditions
outlined in Egs. 19 and 20 thus any combination of these regions is a solution. The important
ideaisthat it is not asimple linear rescaling of the pay-offs for low and High quality
signallers because these regions can be combined independently, which may result in
unexpected or seemingly paradoxical parameter combinations that still can maintain honest
signalling even under conflict of interest. All in all, there are 5x8=40 potential combinations;
here | only discuss afew counter-intuitive examples.

(1) For example, it is possible that both non-signalling and signalling is costly for High
quality signallers (Fig.3 region 1); yet both non-signalling and signalling is beneficial for Low
quality signallers (Fig.2 region 5). In this example High quality signallersinvest in signals
and they are compensated by the receiver’ s response, whereas Low quality signallers are
compensated for the loss of receiver’s response by the benefit they receive for non-signalling.

(2) Interestingly enough the opposite is equally possible: that High quality signallers
receive benefits for both non-signalling and signalling (Fig.3 region 5) yet Low quality
signallers have to pay acost for both non-signalling and for signalling (Fig.2 region 1). In this
examplesignalling is costly for Low quality signallers which prevents them to mimic High
guality ones, and High quality signallers receive an extra benefit on top of the receiver’s
response.

(3) Perhaps the most interesting case where both Low and High quality signallers receive
a benefit both from non-signalling and from signalling (region 5 in both Figs. 2 and 3). In this
case there is no cost to signals in the system, everyone benefits from every single action, yet
honesty still remains evolutionarily stable. In this example Low quality signallers are

compensated for the loss of receiver’s response by the benefit they receive for non-signalling,
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whereas High quality signallers receive an extra benefit on top of the receiver’ s response.

Differential benefit model
What if the signal cost is the same for both types of signallers (i.e. we have a
differential benefit model)?Isit still possible to get honest evolutionarily stable signalling
with beneficial signals? The signaller’s conditions are modified as follows:
Vi +r'W <C (212)
V, +rW, >C (22)
We can see that the same cost function has to satisfy both conditions. Accordingly, we have
the following inequalities:
V, +1W < C(S)-C(N)<V, +rW, (23).
Thisimplies that the difference between the costs of signalling and non-signalling has to be
larger than the benefits from the Up response for Low quality signallers but this difference has
to be smaller than the benefits from Up response for High quality signallers.
Figure 4 depicts the regions that satisfy the above condition in differential benefit models.
There are five different regionsin Fig. 4:
(i) in the first region both non-signalling (C(N)) and signalling (C(9)) is costly;
(i) in the second region non-signalling has zero cost and signalling is costly;
(iii)  inthethird region non-signalling is beneficial (it has anegative cost) yet signalling
isstill costly;
(iv)  inthefourth region non-signalling is beneficial and signalling has zero cost;
(V) finally, in the last region both non-signalling and signalling is beneficial.
The second region describes the traditional assumption of the signalling models and thus it
corresponds to the classic Sir Philip Sydney game [15]. However, the most interesting is the
fifth region, where just as before, signallers receive a benefit both from non-signalling and

10
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from signalling. Table 5 gives numerical examples for all regions (benefits in the model are as
follows: Vy= 1, Vi= 0.5, W= 1, Wi=-1). Since signal cost is the same for Low and High
quality individuals in differential benefit model thus changing the absolute value of cost
corresponds to alinear rescaling in this case. However, the results show that this linear
rescaling is possible (in any direction); it follows that the costly signalling equilibria of the
‘costly signalling’ models is a consequence of the costly signalling assumption (i.e. the choice

of the second region, Fig. 2) and it is not a theoretical necessity.

4. Discussion

Here | showed that honest signalling needs no cost function. “Beneficial signals’,
signals that have a benefit function instead of a cost function can maintain the honesty of
communication. The conceptual importance of the model that it allows to separate signal cost
(of any source) from the “potential cost of cheating”. It shows that signal cost - at or out of
equilibrium - is not a condition of honest signalling. What maintains the honesty of
communication is the potential cost of cheating, which is conceptually different from signal
cost, asit can be aresult of a benefit function. This “potential cost of cheating” is afitness
difference between two actions (to signal vs. not to signal) and this fitness difference can be

negative even if both of the actions are beneficial on the first place.

Previous models were able to show that honest signals do not have to be costly for
honest signallers to be evolutionarily stable, not even under conflict of interest [6-8]. The
current result goes one step further, asit shows that signals need no cost at al to be honest.
There is no need for production cost, maintenance cost, social cost, inclusive fitness cost, etc.

Thisresult invalidates Zahavi’ s claim [4] about the special role of “signal selection”. Honest

11
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signalling is possible without signal cost: costly signalling isjust one possible

implementation, it is not a necessity.

The result also shows the limits of the ‘costly signalling’ paradigm [16, 17]. Costly
signalling models in biology arrived at the conclusion of costly equilibrium because of the
costly signalling assumptions of these models. In other words, the conclusion of the costly
signalling models is built into the assumptions. Had the authors of these models investigated a
benefit function instead of cost function, they would have arrived at the conclusion of
beneficial equilibria. The ‘ costly signalling’ assumption might be realistic and important, yet

itis not a necessity or a‘principle’.

Honest signalling and costly signalling have the same relation as natural selection vs.
mendelian inheritance. Natural selection isthe general principle: it assumes competition,
reproduction, inheritance and variation. Mendelian inheritance is one possible implementation
of an inheritance system that allows natural selection to work. Honest signalling is the general
principle, costly signalling is a specific implementation that allows honest signalling to
operate. Mendelian inheritance is not an overreaching “principle’, though it happens to be the
most important inheritance system for “higher life”. The same way, “costly signalling” is not
overreaching “principle” or necessity, though arguably it happens to be a very important

mechanism of honest signalling.

Moreover, the Handicap Principle and the costly signalling paradigm is misleading
because it suggested that measuring the “cost of signals” at the equilibrium provides valuable
information about the source of honesty [1, 4]. As consequence hundreds of studies tried to
measure out the equilibrium cost of signals without offering solid evidencein favour of the
Handicap Principle [18, 19]. Thisis not surprising however, because measuring equilibrium

cost isnot informative, one has to measure out of equilibrium costs [8, 20]. However,

12
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measuring out of equilibrium cost initself is not informative either. The cost is only

informative in relation to the benefits of the action. What has to be measured is the pay-off
resulting from the alternative actions (i.e. trade-offs). Unfortunately, the number of studies
comparing out-of-equilibrium cost and benefits (i.e. signal trade-offs) is negligible (but see

[21]).

All in al, signal cost is not a necessary ingredient of honesty: honesty needs no cost.
Of course, it does not imply that signal cost cannot play arole in the maintenance of honesty;

however, thisis an empirical question and not atheoretical necessity.
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Figure L egends.

Figure 1. The action-response game.

Figure 2. Regions where the difference between signalling and non-signalling for Low

guality signallers allows honest signalling (i.e. it fits Eq 19) in differential cost models.

Figure 3. Regions where the difference between signalling and non-signalling for High

quality signallers allows honest signalling (i.e. it fits Eq 20) in differential cost models.

Figure 4. Regions where the difference between signalling and non-signalling allows honest

signaling (i.e. it fits Eq 23) in differential benefit models.
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355 Table 1. Parameters and the notation of the model.

receivers fitness

signaller’sfitness

value of the receiver’s response for the receiver
value of the receiver’s response for the signaller
cost of signalling

signaller’s quality

T o< s T

signaller’ s behaviour

N

receiver’s response

-

degree of relatedness

high quality signaller

low quality signaller

up, to give the resource

down, not to give the resource

signd

Z 0O 0O cCc r T

not to signa

Vh=V(H,U)-V(H,D) difference in the value of the receiver’s responses for high quality
signallers

Vi=V(L,U)-V(L,D) difference in the value of the receiver’s responses for low quality
signallers

WL=W(H,U)-W(H,D) difference in the value of the receiver’s responses for receiversin
case of high quality signallers

W=W(L,U)-W(L,D) difference in the value of the recelver’s responses for receivers in
case of low quality signallers

Cw=C(H,9-C(H,N) difference in the cost of signals for high quality signallers

C=C(L,9-C(L,N) difference in the cost of signals for low quality signallers

356
357
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358 Table 2. The fitness values corresponding to the end nodes in Figure 1, where Es and Er
359 denote the inclusive fitness of the signaller and the receiver respectively. The fitness of both
360 players is a combination of the benefit they receive as a result of the receiver’s decision and

361 the costs/benefits resulting from the signaller’ s decision.

362
End node (Fig.1.) Receiver'sand Signaller’ sfitness respectively
1, Er= w(L,D)+r(V(L,D)-C(L,N))
Es=  V(L,D)-C(L,N)+rwW(L,D)
2, Er= w(LU)+r(v(L,U)-C(L,N))
Es=  V(L,U)-C(L,N)+rw(L,U)
3, Er= W(H,D)+r(V(H,D)-C(H,N))
Es=  V(H,D)-C(H,N)+rW(H,D)
4, Er= W(H,U)+r(V(H,U)-C(H,N))
Es=  V(H,U)-C(H,N)+rw(H,U)
5, Er= wW(L,D)+r(V(L,D)-C(L,9))
Es=  V(L,D)-C(L,S)+rw(L,D)
6, Er= W(LU)+r(V(L,U)-C(L,9))
Es=  V(LU)-C(L,S)+rw(L,U)
7, Er= W(H,D)+r(V(H,D)-C(H,9))
Es=  V(H,D)-C(H,S)+rW(H,D)
8, Er= W(H,U)+r(V(H,U)-C(H,S))
Es=  V(H,U)-C(H,S)+rw(H,U)
363

364 Table 3. Numerical examples: differential cost model. Examples of C(L,S), C(L,N) are given
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for each region in Fig. 2. C= C(L,S)- C(L,N)=1,2in all regions (each example fits Eq. 19).

Region C(L,S | C(L,N)
1, 14 0.2

2, 12 0

3, 1 -0.2

4, 0 -1.2

5, -0.2 -1.4

Table 4. Numerical examples: differential cost model. Examples of C(H,S), C(H,N) are given
for each region in Fig. 3. C,= C(H,S)- C(H,N) = 0,2 except in region 6 and 7 ,where C;= -0,2
(each example fits Eq. 20).

Region CH,S | C(H,N)
1, 0.4 0.2

2, 0.2 0

3, 0.1 -0.1

4, 0 -0.2

5, -0.1 -0.3

6, -0.2 0

7, -0.1 0.1
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374  Table 5. Numerical examples: differential benefit model. Examples of C(S), C(N) are given
375 foreachregionin Fig. 4. C= C(S- C(N)=0,7 in al regions (each example fits Eq. 23).
376

Region c(9 C(N)
1, 1.0 0.3
2, 0.7 0

3, 0.5 -0.2
4, 0 -0.7
5, -0.2 -0.9

377
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