
Chapter 13
The Effect of Information on Payoff
in Kleptoparasitic Interactions

Mark Broom, Jan Rychtář, and David G. Sykes

13.1 Introduction

Kleptoparasitism, the stealing or attempted stealing of resources (usually food), is
a very common behavior practiced by a very diverse collection of species such as
insects [14], fish [12], birds [16–18], and mammals [15]. For a recent review paper
with complete classification and numerous examples, see [13].

The strategies associated with stealing interactions can vary; for instance,
sometimes resources are promptly forfeited while in other cases the individuals
defend the resources vigorously and even engage in fights.

The effect of variation in resource value on fighting behavior was investigated
in detail in [11], who used a simulation model to investigate a situation where a
resource owner possesses information about the (subjective) value of a resource
that an individual attempting to steal it may or may not have, using a sequential
assessment game. Their model predictions included that the resource owner’s
probability of victory would increase with increasing resource value, based partly
upon the extra knowledge that the owner had (but see [5]), and that costs and contest
duration will also increase with resource value.

However, in most models, see, for example, [2, 4, 6] and references therein, the
individuals value the resource equally even when the resources can differ in value
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such as in the situations investigated in [3, 5]. The variation in value can be caused
by external factors such as the size of the food item; however, it can be caused by
an internal state (such as hunger) of the individuals [11].

As soon as there is a difference between individuals in resource valuation, several
informational situations arise. Firstly, when individuals are aware of their own as
well as their opponent’s valuation. Secondly, when individuals are aware only of
their own valuation. Thirdly, when individuals are not aware even of their own
valuation.

A common way to model kleptoparasitic interactions is the so-called producer-
scrounger game developed in [1]. A number of variants of this model have
been developed to consider different circumstances and assumptions (see, for
example, [8–10, 19]). One advantage of this type of model is that analysis is
relatively straightforward, so that clear predictions can be made. Here, we consider
a scenario where one individual, a producer, possesses a valuable resource when
another individual, a scrounger, comes along and may attempt to steal it.

13.2 The Model

We model the situation of a scrounger discovering a producer with a resource as
a sequential game in extensive form as shown in Fig. 13.1. If the scrounger makes
such a stealing attempt, then the producer can either give up the resource without
any conflict or defend it. The conflict cost is c and the producer wins the conflict
(and can keep the resource) with probability a.

Scrounger
finds
Producer

Scrounger tries to steal

Scrounger does not steal

Producer does not defend

Producer defends

Producer wins

Producer loses

Payoff to
Producer

vp − c

−c
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0

−c

vs − c

vs

0

Payoff to
Scrounger

Fig. 13.1 Scheme and payoffs of the game
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Let us denote the value for the scrounger as vs , and the value for the producer as
vp. We assume that the distributions of vs and vp are the same. The game and the
payoffs from different scenarios are shown in Fig. 13.1.

13.3 Analysis

We will analyze the game using backward induction, see, for example, [7, p. 187].

13.3.1 Full Information Case

Here we assume that individuals know the resource values for themselves as well
as for their opponents. Assume that the scrounger attempts to steal. The producer
has to decide whether to defend or not. If the producer does not defend, the payoff
will be 0. If the producer defends, individuals will fight and the producer will lose
it with probability 1 � a. Hence, the producer’s expected payoff when defending is
avp � c. Consequently, the producer should defend only if 0 < avp � c which is
equivalent to

c

a
< vp: (13.1)

Note that the producer does not need to know the value of the resource for the
scrounger. All that is relevant to the producer is the fact that the scrounger attempted
to steal and then the producer can evaluate the payoffs to itself.

Now, we will investigate the options for the scrounger, assuming it knows vp .
If the scrounger does not attempt to steal, the payoff will be 0. If (13.1) does not
hold, then the producer will not defend against a stealing attempt and thus the
scrounger should attempt to steal to get a payoff vs > 0. If (13.1) holds, then the
producer will defend against the stealing attempt. Hence, if the scrounger attacks, it
will lose with probability a (and get a payoff �c) and win with probability 1 � a

(and get a payoff vs � c). The expected payoff is thus .1 � a/vs � c. Hence, the
scrounger should attack if

.1 � a/vs � c > 0 (13.2)

which is equivalent to

c

1 � a
< vs: (13.3)

There are thus three distinct behavioral patterns as presented in Table 13.1 and
Fig. 13.2.
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Table 13.1 Summary of the results

Behavioral outcome Condition for Condition for Condition for
Scrounger Producer full information partial information no information
steals defends vs vp vs vp EŒv�

Yes No any vp < c
a

vs > c�
1�a�

vp < c
a

EŒv� < c
a

No Yes vs < c
1�a

vp > c
a

vs < c�
1�a�

any EŒv� < c
1�a

EŒv� > c
a

Yes Yes vs > c
1�a

vp > c
a

vs > c�
1�a�

vp > c
a

EŒv� > c
1�a

EŒv� > c
a

vs

vp

c
a

c
1−a

Scrounger
does not
attempt to
steal

Scrounger attempts
to steal
Producer defends

Scrounger attempts to steal
Producer does not defend

vs

vp

c
a

c
1−a

Scrounger
does not
attempt to
steal

Scrounger attempts
to steal
Producer defends

Scrounger attempts
to steal
Producer does not
defend

cπ
1−aπ

a b

Fig. 13.2 Behavioral outcomes of the game for the same parameter values c and a but different
information cases. (a) Full information case, (b) Partial information case. We note that � actually
depends on c, and if c is large enough, � D 0 i.e., the white region can disappear

13.3.2 Partial Information Case

Now, assume that the scrounger knows the value vs and the distribution of vp (which
is assumed to be the same as distribution of vs; in particular, it does not depend on the
value of vs), but does not know the exact value of vp . Consequently, the scrounger
does not know for sure whether the producer will defend. However, it is still true that
the producer will defend if c

a
< vp . From the scrounger’s perspective, the producer

will thus defend with a probability � D Prob
�

c
a

< vp

�
. If the producer does not

defend, the payoff to the scrounger will be vs . If the producer defends, the payoff to
the scrounger will be .1 � a/vs � c. Hence, if the scrounger attempts to steal, his
payoff will be

.1 � �/vs C �
�
.1 � a/vs � c

� D vs.1 � a�/ � c�: (13.4)

If the scrounger does not attempt to steal, its payoff will be 0. Hence, the scrounger
should attempt to steal if
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vs >
c�

1 � a�
: (13.5)

There are thus three behavioral patterns as presented in Table 13.1 and also in
Fig. 13.2.

13.3.3 No Information Case

The analysis in the no information case is actually very similar to the full
information case. The only difference is that the individuals do not know the exact
value of the resource, but they do know the expected values, EŒvp� and EŒvs�. Since
we assume that the distributions of vp and vs are the same, we have EŒvp� D EŒvs�

and we will denote it just by EŒv�. There are thus three distinct behavioral patterns
as presented in Table 13.1.

13.4 Comparison Between Different Information Cases

The illustrative comparison is shown in Fig. 13.3 in the case where the values vs and
vp have uniform distribution between vmin; vmax and are independent.

13.4.1 Comparison Between the Full and Partial
Information Cases

Since the function f .x/ D cx
1�ax

is increasing in x and 0 � � � 1, we get that

c

1 � a
� c�

1 � a�
(13.6)

with equality only if � D 1.
For now, let us consider that � 2 .0; 1/. It follows from (13.3), (13.5), and (13.6)

that when vs > c
1�a

, the scrounger steals regardless of vp and thus the scrounger’s
expected payoff (given any distribution of vp for the producer) is the same in the
full information and partial information cases.

On the other hand, if vs < c�
1�a�

(which is possible only if � > 0), then the
scrounger does not steal in the partial information case, leaving it with the payoff 0.
However, if the scrounger knew vp , it would steal if

vp <
c

a
(13.7)
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Fig. 13.3 The Scrounger’s payoffs for varying cost of the fight c, different distribution of v and
different values of a in three different information scenarios. (a) a D 0:4, v uniformly distributed
in Œ0; 4�, (b) a D 0:4, v uniformly distributed in Œ1; 4�, (c) a D 0:5, v uniformly distributed in
Œ0; 4�, (d) a D 0:5, v uniformly distributed in Œ1; 4�, (e) a D 0:6, v uniformly distributed in Œ0; 4�,
(f) a D 0:6, v uniformly distributed in Œ1; 4�

and in those cases the scrounger’s payoff would be vs . When � < 1, the distribution
of vp is such that (13.7) is satisfied with positive probability 1 � � , and thus the
expected payoff to the scrounger in the full information case is positive (i.e., larger
than the expected payoff in the partial information case, which is 0).
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It remains to investigate the values vs such that c�
1�a�

< vs < c
1�a

. For such vs ,
if vp is such that (13.7) holds, then the payoff to the scrounger is vs and the payoff
in the full information and partial information cases are the same. However, if vp is
such that (13.7) does not hold, then, by (13.3), the expected payoff to the stealing
scrounger is negative.

Hence, overall, the expected payoff for the scrounger (given the distribution of
vp) in the full information case is larger than in the partial information case. One can
also see that as a increases, the advantage of the full information case gets larger.

It remains to investigate the cases of � D 0 and � D 1. It turns out that in such
cases, the expected payoffs for the scrounger are the same. If � D 0, then c is always
larger than avp and so the Scrounger always steals and the producer never defends.
If � D 1, then c is always smaller than avp , i.e., the producer always defends and
the scrounger behaves the same way in both cases.

13.4.2 Comparison Between the No Information Case
and the other Cases

Let c0 D inf
˚
cI Prob

�
c
a

< vp

� D 0
�

and c1 D sup
˚
cI Prob

�
c
a

< vp

� D 1
�
. When

c > c0, then � D 0 and also c
a

> EŒv�. Hence, in any scenario, the scrounger
steals and the producer does not defend. Consequently, the expected payoff to the
scrounger is the same in all information cases.

When aEŒv� < c < c0, the no information case is better for the scrounger than
the full information case (which is better than the partial information case). Indeed,
in the no information case, the scrounger attempts to steal and the producer always
gives up, leaving the scrounger with the expected payoff vs which it cannot get for
any other scenario (since now � > 0 and hence there is a positive probability of
having vp > c

a
).

When .1 � a/EŒv� < c < aEŒv�, the scrounger does not attempt to steal, getting
a payoff of 0. This is worse for the scrounger than in the partial information case
(the scrounger attempts to steal there for some values, sometimes receiving a free
resource, and still gets a positive payoff even when the producer defends) which is
worse than in the full information case.

When c1 < c < min fa; .1 � a/g EŒv�, then in the no information case, the
scrounger always attempts to steal and the producer always defends. This is worse
for the scrounger than in the partial information case (which is worse than the full
information case) since there are items that are not worth fighting for.

When c < c1, then the expected payoffs in all information cases are the same,
since the Scrounger always steals and the Producer always defends.
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13.4.3 Summary

The amount of information available has no effect on the payoff to the scrounger
when the cost of the fight is relatively small (i.e., when c < c1 so that then it is
beneficial to fight for any item under any informational situation) or relatively large
(i.e., when c > c0 so that for the producer it is not beneficial to fight for any item
under any informational situation). For intermediate costs c 2 .c1; c0/, having full
information is better than having only partial information. Moreover, if c < aEŒv�,
then the no information case yields even lower payoffs; and when c > aEŒv�, then
the no information case yields the largest expected payoff.

It is clear that the variance of the resource values has a strong influence on
our results. If this variance is small, then c0 and c1 will be close together and the
intermediate region where behavior differs between the cases is small. Note that if
the variance is actually zero, then there is no useful information to be had and the
three cases are identical. For large variance, the intermediate region may account
for all plausible cases, and the models will yield significantly different results.

13.5 Discussion

In this paper we investigated the effect of information on the payoffs of a producer-
scrounger game. One would be tempted to argue that having more information
would yield larger payoffs and this was indeed the case for a scrounger having full
information versus one with only partial information in the model described by this
paper; and, for some parameter values, also the case of no information versus full or
partial information case.

However, having more information is not always better. The no information case,
where an individual does not know the real value of the resource, is for some
parameter values the best case for the scrounger. Yet, let us point out that although
this was called the no information case, the scrounger has in fact a very valuable
piece of information—the scrounger knows that the producer does not know the
real value either, and consequently knows whether it will fight a stealing attempt.

We note that the fact that knowing less is sometimes better has already been
observed before. In [5], the authors investigate a scenario in which the value
of the resource is the same for both the producer and the scrounger, but nevertheless
the resource value is variable and either both the producer and the scrounger know
the value, or only the producer knows it. When the scrounger knows the value of the
resource, its expected payoffs are lower than when he does not know it. Also, in
[7, p. 364], the authors discuss a Producer–Scrounger game that is similar to the
one described here, yet again, knowing seemingly less yields larger payoffs for the
scrounger.

We also note that in Fig. 13.3 we have assumed that the values of vs and vp

are independent. The relationship between the two is particularly important in the
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partial information case, where knowledge of vs may provide the scrounger with
information about vp , and so affect � . Independence of resource valuation is actually
one extreme of a spectrum, the other end of which is complete coincidence of the
two. The former is more plausible when the valuation is based on hunger; then at
least in the first approximation, the fact that one individual is hungry does not give
any new information about its opponent, so that the assumption of independence is
reasonable in this case. However, it is also true that if one individual is hungry, then
it may be largely because there is not much food around and the same will be true for
its opponent. Thus the correlation between the resource values may be important.In
this case the latter is more plausible, and this will also be the case if food items vary
in size.

Finally, the variance of the resource value will also have a significant effect on
our results. For low variance the models mainly coincide, but for high variance
their predictions can be very different. It is the variability of the resource value
which makes the possession or lack of information important, and the combination
of variability in the value of the resource and the availability of information which
makes this model an interesting one to study.
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