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Over the past four decades biologists have developed a body
f theory to explain the evolution of cooperative behavior. Three
ey conditions have been modeled in which the fitness of indi-
iduals can be enhanced by their cooperative acts. Cooperation
an evolve and be stable when (i) cooperative individuals share
enes with the recipients (Hamilton, 1964a,b), (ii) when coop-
ration is a byproduct of selfish action (West-Eberhard, 1975;
rown, 1983; Connor, 1986), and (iii) when there is directed

eciprocation for cooperative acts (Trivers, 1971; Axelrod and
amilton, 1981; Sachs et al., 2004). Cooperative breeding is a

ommon example of cooperation observed in numerous species
f vertebrates and invertebrates; it occurs when some members
f a social group delay independent breeding and help others
aise young (Brown, 1987). In their struggle to understand why
ndividuals should invest in the offspring of others, biologists
ave developed an exclusive, and sometimes idiosyncratic, set
f models to explain the evolutionary maintenance of coopera-
ive breeding (e.g. Gaston, 1978; Woolfenden and Fitzpatrick,
978; Wiley and Rabenold, 1984; Jamieson, 1989; Emlen et al.,
991; Connor and Curry, 1995; Zahavi, 1995; Cockburn, 1998;
lutton-Brock, 2002; Kokko et al., 2001, 2002). Despite the
ealth of theory to explain the evolution of cooperative breed-

ng, it is not immediately evident how these hypotheses relate to
ne another or to general theories of cooperation (Axelrod and
amilton, 1981; Queller, 1985; Bull and Rice, 1991; Connor,
995; Sachs et al., 2004; Foster and Wenseleers, 2006; Lehmann
nd Keller, 2006).

Bergmüller et al. (2007) attempted to bridge the theoretical
ivide between the evolution of cooperation and cooperative
reeding. They developed a seven part classification system

or cooperation theory and used it to connect hypotheses for
he maintenance of cooperative breeding in vertebrates. Here,
e review a simpler, tripartite framework for the evolution of

∗ Corresponding author. Tel.: +1 510 642 0591; fax: +1 510 643 6264.
E-mail address: jlsachs@berkeley.edu (J.L. Sachs).
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ooperation (Sachs et al., 2004), and show how their struc-
ure fits into it (Table 1). Subsequently, we discuss a series of
ypotheses to explain the maintenance of cooperative breeding
n vertebrates, and describe how these models fit into our frame-
ork. A fundamental aspect of the framework we employ is

hat it predicts cooperative systems to vary in their vulnerabil-
ty to exploitation (Sachs et al., 2004). We use these predictions
o investigate a surprisingly unexplored aspect of cooperative
reeding, the potential for cheating. Cheaters are defined as indi-
iduals that have evolved to take benefit from others without
ompensation (Sachs and Simms, 2006). We review previous
redictions of cheating (e.g. Connor and Curry, 1995), and spec-
late on hypothetical types of cheats in cooperative breeding
ystems.

. A general framework for cooperation

Cooperation can be defined as any trait that increases the
tness of other individuals (Sachs et al., 2004). Evolutionary

heory predicts that cooperative traits can only be maintained
nder restricted conditions because purely selfish alternatives
ost often provide superior fitness (Hamilton, 1964a,b; Axelrod

nd Hamilton, 1981). Sachs et al. (2004) developed a com-
rehensive framework for the maintenance of cooperation that
escribes three simple models: shared genes, byproducts, and
irected reciprocity. Although these models are not mutually
xclusive, they describe different scenarios in which coopera-
ive traits can benefit the bearer. Moreover, each model predicts
different (i) degree of vulnerability to cheating and (ii) type

f cheating that is likely to occur. The seven ‘mechanisms’
hat Bergmüller et al. describe for the evolution of coopera-
ion (Bergmüller et al., 2007, Box 1) can be easily subsumed

ithin our approach (see Table 1). In contrast to Bergmüller

t al. (2007), we include kin selection models in our framework
shared genes) because most cooperatively breeding groups con-
ist primarily of relatives (Brown, 1987; Emlen, 1997; Dickinson

mailto:jlsachs@berkeley.edu
dx.doi.org/10.1016/j.beproc.2006.12.018
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Table 1
Evolutionary models of cooperation and cooperative breeding

Models of cooperation1 Models of cooperative breeding Type of cheating predicted

General models Specific models2

Shared genes – Cooperation increases
the inclusive fitness of cooperative
individuals

Kin fidelity – Context-dependent or
spatially associated cooperation
with kin

Kin association based upon social
context (i.e. same nest/burrow)

‘Kin deceit’ – Cheaters
inhabit the context where kin
normally are found• Limited dispersal favors kin

cooperation (Hamilton, 1964a; West
et al., 2002)

Kin Choice – Cooperation with
kin based upon phenotypic
choice

Kin association based upon choice
mechanisms

‘Kin mimicry’ – Cheaters
mimic kin phenotypically or
behaviorally• Assorted encounters with kin via

choice (Eshel and Cavalli-Sforza,
1982)

Byproducts – Cooperation automatically
benefits cooperative individuals

Simple Byproducts – Cooperation as a
pure byproduct of selfish action –
(byproduct mutualism)

Not predicted – Helping involves
investment in others and cannot be a
simple byproduct

Pseudo-reciprocity – Cooperative
investment in others that provides
automatic (byproduct) benefit –
(Pseudo-reciprocity)

Helpers invest in those that offer
automatic benefits (i.e. byproduct)

No cheating predicted

• Passive group augmentation
(Kokko et al., 2001)
• Enhanced breeding experience
(Skutch, 1961)

Directed reciprocation – Cooperative
investments in others are compensated
by reciprocated benefits

Partner fidelity – Cooperative investment
reciprocated by others with coupled
fitness interests – (positive
reciprocity-without choice)

Helpers invest in those that
reciprocate based upon linked fitness
interests

‘Vagrants’ – Cheaters move
from group to group, reaping
benefits from them without
reciprocation• Territory inheritance (Woolfenden

and Fitzpatrick, 1978)
• Active group augmentation (Kokko
et al., 2001).

Partner choice – Cooperative benefits
reciprocated by specifically chosen
partners – (Negative pseudo-reciprocity,
positive, negative, and indirect
reciprocity)

Helpers invest in those that
reciprocate based upon choice
mechanisms

‘Freeloaders’ – Cheaters
subvert choice mechanisms
and receive benefits without
reciprocation• Pay-to-stay (Gaston, 1978)

• Prestige (Zahavi, 1995)

The simplified framework for the evolution of cooperation is on the left. Hypotheses for the maintenance of cooperation breeding, on the right, can be subsumed into
the framework. Different types of cheating for each type of model are also predicted.
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odels of cooperation are adapted from Sachs et al. (2004). Bergmüller et a
talics.

nd Hatchwell, 2004), and a complete analysis of the evolution
f cooperation and cheating in cooperatively breeding species
annot be conducted without considering inclusive fitness
enefits.

.1. Shared genes

Kin selection models predict that cooperation can be main-
ained among relatives according to (i) their level of relatedness
nd (ii) the costs and benefits of cooperation (Hamilton,
964a,b). These models do not require that individuals bene-
t directly from their cooperation, since the improved fitness
f kin leads to indirect or inclusive fitness benefits (Hamilton,
964a,b). Kin systems exhibit two mechanisms by which indi-
iduals can preferentially direct benefits to relatives: kin choice

nd kin fidelity (Sachs et al., 2004; Table 1). With kin choice,
elatives are actively chosen based on some form of pheno-
ypic recognition. In contrast, recognition does not exist with
in fidelity because relatives are reliably found nearby or in

i
l
i
m

07, Box 1) mechanisms of cooperation are listed under ‘specific models’ in

particular context, such as on a shared territory or at a nest
Hamilton, 1964a). Thus, kin choice and kin fidelity systems
iffer primarily in the role that choice plays in cooperative
ecisions, which ultimately leads to different predictions of
heating.

.2. Byproducts

Cooperation can be maintained simply because cooperative
raits are automatic byproducts of selfish action (West-Eberhard,
975; Brown, 1983; Connor, 1986). Byproducts differ from
ther forms of cooperation because benefits are automatic, and
hus cheating is not predicted. There are two forms of byprod-
cts cooperation: simple byproducts and pseudo-reciprocity
Table 1). Simple byproducts involve no costly acts. A common

llustration is the case of vultures benefiting from abandoned
ion kills; the benefit to vultures is automatic and involves no
nvestment by either party. In contrast, pseudo-reciprocity is a

ore complex form of byproducts that occurs when individu-
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ls invest in others that automatically return benefits (Connor,
986). In this case, the investment is one-sided (which differs
rom the two-way investment described for directed-reciprocity
elow). Pseudo-reciprocity often occurs when individuals auto-
atically enhance their fitness by increasing their group size,

s in the case when larger groups are better protected from pre-
ation or forage more efficiently than smaller groups (Connor,
986; Kokko et al., 2001).

.3. Directed reciprocity

Cooperation can be maintained if the cooperative individu-
ls are compensated by returned benefits from others (Trivers,
971; Axelrod and Hamilton, 1981). Models of directed reci-
rocity differ from pseudo-reciprocity (as described above)
n that (i) both the cooperative act and the reciprocation are
otentially costly, and (ii) neither occurs automatically (Trivers,
971; Axelrod and Hamilton, 1981). Directed reciprocity is
ulnerable to cheaters that evolve to receive benefits, but not
eturn them. Two divergent models predict how reciprocated
enefits can be selected: partner choice and partner fidelity
Bull and Rice, 1991) (Table 1). In partner choice, coopera-
ive individuals preferentially receive benefits from others who
hoose them based on their cooperative traits, whereas in part-
er fidelity, cooperative investment is reciprocated by others
ith coupled fitness interests (Bull and Rice, 1991; Sachs et

l., 2004). No choice mechanisms are necessary with part-
er fidelity because a positive fitness feedback, which relies
n repeated or long-term interaction, selects for cooperation.
irected reciprocity differs from reciprocal altruism models

Trivers, 1971; Axelrod and Hamilton, 1981) in that (i) the
irected reciprocity is not restricted to pairs of interacting indi-
iduals and (ii) partner choice and partner fidelity have been
issected into independent mechanisms (Bull and Rice, 1991).
oster and Wenseleers (2006) have explicitly modeled these
echanisms.

.4. The role of choice in cooperation

Choice can play a critical selective role in cooperative sys-
ems, whether they are based on kinship or reciprocation.
y offering benefits to individuals according to the level of
ooperation they exhibit, whether by rewards or punishment,
he choosing individuals select for cooperative traits in oth-
rs and can curtail cheaters (Sachs et al., 2004; Foster and
enseleers, 2006). Yet, choice does not evolve in all systems,

erhaps because (i) the mechanisms are costly, (ii) there are
onstraints, (iii) there is no variation from which to choose
Foster and Kokko, 2006), or (iv) fidelity is in place. Choice
nd fidelity systems differ in their vulnerability to cheating,
n aspect which we explore below. Choice systems can be
ulnerable to cheaters that exploit and potentially mimic the
ignals of cooperation, whereas fidelity systems are vulnerable

o cheaters that escape the effects of fitness feedbacks, perhaps
y transmitting among partners (Bull and Rice, 1991; Sachs and
ilcox, 2006). However, some authors have argued that pure

delity systems are inherently unstable and unlikely to persist

a
c
h
e
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Lehmann and Keller, 2006), except in intimate inter-specific
nteractions such as symbioses (Sachs, 2006). Because individ-
als of most vertebrate cooperatively breeding species are able
o disperse or to remain on the natal territory as a helper, we
rgue that choice systems, either based on kinship or reciproca-
ion, are most likely to explain the evolution of cooperation in
ertebrates.

. Models for the evolution of cooperative breeding

Since Hamilton (1964a,b) first modeled the evolution of
ltruism among relatives, studies of cooperative breeding have
ocused on kin selection to explain alloparental care (when
ndividuals provision the young of others; hereafter, helping
ehavior) (Brown, 1978; Brown, 1987). However, subsequent
mpirical progress has revealed that in many cooperatively
reeding vertebrates, (i) a significant proportion of the help-
ng is done by non-relatives (Brooke and Hartley, 1995; Dunn
t al., 1995; Magrath and Whittingham, 1997; Clutton-Brock,
002; Dickinson and Hatchwell, 2004; Stiver et al., 2005),
nd (ii) the direct fitness benefits of helping might have been
reatly underestimated (Cockburn, 1998; Heinsohn and Legge,
999; Clutton-Brock, 2002; Cockburn, 2004). To understand
ow cooperation is maintained in cooperative breeding systems,
t is important to recognize that cooperative breeding is gener-
lly seen as a two-step process (Dickinson and Hatchwell, 2004)
here individuals first delay dispersal and stay on the natal ter-

itory, and secondarily help others (Emlen, 1982; Koenig et al.,
992). Helping clearly qualifies as cooperation, but remaining on
natal territory is not necessarily a cooperative act. The decision

o stay on the natal territory and forgo dispersal and independent
reeding is often driven by ecological constraints that include
limitation of suitable territories (Woolfenden and Fitzpatrick,
990; Komdeur, 1992), nest sites (Walters, 1990), mates (Emlen,
982), or other resources (Dickinson and McGowan, 2005;
aglione et al., 2006). Helping cannot be studied in isolation

rom these forces because the ecological constraints on dispersal
an influence the relative payoffs for cooperating versus leav-
ng a group (Reeve and Shen, 2006). Moreover, there may be
tness benefits to delaying dispersal (e.g. benefits of remain-

ng with parents or on the natal territory) that are independent
f any benefits gained from helping (Dickinson and Hatchwell,
004). Here, we focus on helping behavior, but recognize that
i) ecological constraints may influence levels of cooperation
nd conflict between breeders and helpers (Rubenstein, 2007)
nd (ii) helpers may cooperate in ways independent of nest
rovisioning, such as nest defense from predators (Rubenstein,
006).

There are many hypotheses to explain the maintenance of
elping behavior in cooperative breeding systems (reviewed in
mlen et al., 1991; Cockburn, 1998; Dickinson and Hatchwell,
004). Bergmüller et al. (2007) focus on three of the dominant
ypotheses for the evolution of helping behavior, referred to

s ‘pay-to-stay, ‘prestige’ and ‘group augmentation’. We dis-
uss these three models, but also explore and synthesize other
ypotheses as we fit them into our unified framework for coop-
ration (Table 1).
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.1. Shared genes and helping behavior

Kinship is thought to be central to the evolution of help-
ng behaviors because of the inclusive fitness benefits that can
e gained by living with and assisting relatives (Brown, 1978;
rown, 1987; Emlen, 1995; Cockburn, 1998; Dickinson and
atchwell, 2004). The specific mechanisms that drive kin asso-

iation have recently received increased attention (e.g. Griffin
nd West, 2003). Although original kin models suggested that
ndividuals can cooperate with kin as a passive consequence
f staying on natal territory (Hamilton, 1964a), recent theo-
etical work shows how competition with local relatives can
egate the benefits of spatially structured relatedness (West et
l., 2002), calling into question the importance of kin fidelity.
in choice models offer an active mechanism of kin association

n which benefits can be preferentially delivered to kin irrespec-
ive of local structure. There is increasing evidence for kin choice

echanisms in a variety of cooperatively breeding species (i.e.
essells et al., 1994; Russell and Hatchwell, 2001; Baglione et
l., 2003; Sharp et al., 2005; Covas et al., 2006; McDonald et
l., 2007).

.2. Byproducts and helping behavior

Helping cannot be maintained by simple byproducts (or
yproduct mutualism, Bergmüller et al., 2007) because helping
ehavior is characterized by an active investment in the recipient.
owever, pseudo-reciprocity models could potentially explain

he evolutionary maintenance of helping (Table 1). According
o the ‘group augmentation’ hypothesis (Woolfenden, 1975),
hich suggests that individuals gain fitness by increasing their
roup size, helping is an adaptive behavior to expand the social
roup. Kokko et al. (2001) modeled group augmentation explic-
tly and found that helping behavior can be selected under
wo divergent conditions, which they termed passive and active
roup augmentation. Passive group augmentation occurs when
arger group size yields automatic ‘passive’ benefits to group

embers, whereas active group augmentation involves recipro-
ation (discussed below). Passive group augmentation can be
lassified as pseudo-reciprocity because helping provides auto-
atic benefits and individuals cannot cheat by reducing benefits

o others (Sachs et al., 2004). Nonetheless, because the benefits
f increased group size often have diminishing returns as groups
row, there are limitations to when helping is selected under
assive group augmentation (pseudo-reciprocity) (Kokko et al.,
001). Moreover, there are examples of pseudo-reciprocity that
ork independently of group size. For instance, a parallel case
f pseudo-reciprocity is the ‘experience’ model (Skutch, 1961),
hich predicts that helpers automatically gain from their actions
ecause helping results in practice that increases the likelihood
hat they will be successful breeders in the future.

.3. Directed reciprocity and helping behavior
Helping behavior can be maintained when the costs of help-
ng are compensated by benefits received from others (Trivers,
971; Axelrod and Hamilton, 1981; Ligon, 1983). Either part-

d
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er choice or fidelity mechanisms are needed to limit cheating
n these systems (Sachs et al., 2004). Partner fidelity models of
elping are based on the idea that positive fitness feedbacks occur
n cohesive groups, or that investment in helping others feeds
ack to drive increased benefit to the cooperative individual
Sachs et al., 2004; Foster and Wenseleers, 2006). The ‘terri-
ory inheritance’ model (Woolfenden and Fitzpatrick, 1978) and
he active group augmentation model (Kokko et al., 2001) are
erhaps the best examples of partner fidelity models. Both mod-
ls predict that helping is selected because benefits are actively
eturned by other group members as a rule, and choice mecha-
isms are not evoked. Although there are other models that have
imilar characteristics, they are more focused on the evolution
f delayed dispersal and breeding as opposed to the evolution
f helping per se (e.g. Wiley and Rabenold, 1984; Zack, 1990).

In partner choice models, the costly helping behavior is
elected by the active choice of other individuals. For instance,
he ‘pay-to-stay’ hypothesis (Gaston, 1978) posits that helpers
rovision the young of others as payment for access to that ter-
itory. If the helpers do not provide adequate benefits they can
e punished by the dominants, or potentially evicted from the
roup (e.g. Mulder and Langmore, 1993; Clutton-Brock and
arker, 1995; Goldstein et al., 1998; Balshine-Earn et al., 1998).
ay-to-stay models are examples of partner choice because the
ooperative behavior of helpers is selected by the active choice
f others (who reward helpers by allowing them to stay on the
erritory). Zahavi’s (1995) prestige hypothesis suggests that indi-
iduals help in order to increase their social standing (and their
hances of reproduction), but this is true only insofar as they
ill receive these benefits from others in the form of future help
r matings (Wright, 1999). As in pay-to-stay models, prestige
odels predict that helpers are actively chosen by others for

heir cooperative traits (Zahavi, 1995). An important behavior
f cooperatively breeding species that is consistent with partner
hoice occurs when individuals vie with each other to pro-
ide help. Some of the classic examples of reciprocity in avian
ooperative breeding systems are characterized by competition
mong individuals to help others (e.g. Ligon and Ligon, 1978;
einsohn, 1991). Such competition suggests that being observed
elping might be important to incite the choice mechanisms of
hose being helped.

. The evolution of cheating in cooperative breeding
ystems

Cheaters are individuals that evolve to exploit the coopera-
ion of others by receiving, but not giving, benefits (Sachs and
imms, 2006). Perhaps the simplest example of cheating behav-

or in cooperative breeding systems would be individuals that
oin a social group, but do not help (provide alloparental care).
owever, there are at least two common exceptions where such
behavior does not represent a cheating strategy: (i) if the non-
elper provides some other benefit to the group (such as nest

efense), so there is no exploitation; or (ii) is if the non-helper
s in poor condition and cannot help efficiently, so the behavior
oes not represent an advantageous strategy. Furthermore, we
redict that cheating will likely be subtle and occur by degrees
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n cooperatively breeding vertebrates. For instance, we might
xpect the evolution of strategies that lower the amount of help-
ng some amount, as opposed to ceasing help altogether. In many
ases, such behaviors can act as clues to cheating (e.g. Legge,
000), but to accurately assess cheaters in cooperatively breed-
ng systems, these observations must be coupled with measures
f fitness. That is, cheaters are expected to enjoy enhanced fitness
ompared to cooperative members of a group, and the presence
f cheaters should depress the fitness of other group members.

.1. Cheating on kin systems

In kin systems, cheaters might evolve to obtain benefits from
on-relatives who ‘perceive’ them to be kin. However, the pre-
ictions for cheaters are different in kin choice versus kin fidelity
ystems. Hypothetical cheaters of kin choice systems would
eed to mimic kin phenotypically to gain benefits (Table 1).
o the best of our knowledge, there are no known examples of
in mimics in cooperative breeding systems, perhaps because
fficient recognition systems are in place (Lessells et al., 1994;
ussell and Hatchwell, 2001; Baglione et al., 2003; Sharp et
l., 2005; Covas et al., 2006; McDonald et al., 2007). How-
ver, we predict mimics could evolve where helping is based
n simple kin-recognition mechanisms, such that non-relatives
ould insinuate themselves into a position to receive help. Kin
delity system have no kin recognition systems in place, and
heaters might evolve to place themselves in contexts or loca-
ions where kin would normally be found, a strategy termed
in deceit (Table 1) (Connor and Curry, 1995). For instance,
hite-winged choughs, are thought to pose as helpers and form
ogus ‘kin’ bonds with young that recognize any helper as kin
Connor and Curry, 1995). An additional route to kin deceit
hat can occur in cooperatively breeding species is intra-specific
rood parasitism, where birds lay eggs into the nests of oth-
rs. Brood parasites are particularly harmful to ‘host’ in species
hat provision any young in their nest (kin fidelity). If cooper-
tive breeding is based on kin fidelity, it should be particularly
ulnerable to this type of cheating (Zink, 2000).

.2. Cheating on reciprocity systems

Partner choice can be cheated on if ‘signals’ of cooperation
an potentially be faked by some group members, who we term
freeloaders’ (Table 1). For instance, in partner choice systems
ased on prestige, Zahavi (1995) suggested that cheats exist in
ases where individuals pose as helpers by stealing food from
ther potential helpers in order to provision young (Carlisle
nd Zahavi, 1986). Pay-to-stay systems might also be vulner-
ble similar kinds of cheaters that exhibit behaviors that mimic
elping, but are less costly than actual help. Cheaters can take
dvantage of partner fidelity systems by being ‘vagrants’, which
e define as individuals that constantly move from group to
roup, taking benefits from each before moving on (Table 1).

y moving among groups vagrants escape the effects of fit-
ess feedbacks that result from group cohesiveness (fidelity).
lthough there is no empirical evidence to suggest the exis-

ence of vagrants in cooperative breeding systems, they are

A

B

ral Processes 76 (2007) 131–137 135

ikely to occur in helping species with tight-knit groups that do
ot require choice systems to maintain helping behavior. How-
ver, in Florida scrub-jays, where helping may be maintained by
artner fidelity (Woolfenden and Fitzpatrick, 1978), there are
echanisms to protect groups from such vagrants. Groups of
lorida scrub-jays often exhibit very strong repulsion towards
wanderers’ that visit from other territories (Woolfenden and
itzpatrick, 1978).

. Conclusions and new predictions

Our simple framework of cooperation models suggests that
here are relatively few conditions under which helping can
e both selectively advantageous, as well as robust to cheat-
ng. In particular, helping can evolve because of kin benefits,
utomatic benefits (byproducts), or because of reciprocation.
lthough choice systems appear to be a critical mechanism to

imiting cheating in both kin cooperation as well as in reci-
rocity systems, research is only beginning to focus on such
ehaviors in cooperatively breeding vertebrates. We suggest
hree interesting lines of research. First, and perhaps most
mportantly, researchers should investigate choice mechanisms
n cooperative breeding systems. The presence or absence of
hoice can greatly affect the evolutionary stability of helping
ehavior. Second, the specific mechanisms of choice systems
eed to be better studied. In particular, researchers should
nalyze whether the signals that stimulate choice are honest.
hird, in well studied choice systems, experiments are needed

o test for the system’s robustness to cheating. For example,
esearchers can create experimental cheaters that display a coop-
rative signal without delivering an actual benefit (e.g. Tibbetts,
002).

Pseudo-reciprocity models are also of particular interest in
tudies of helping behavior because they are immune to cheating.
owever, it is not clear if there are cooperative breeding systems
ased purely on automatic benefits. In contrast, it is possible that
seudo-reciprocity inevitably acts in concert with kin selection
o explain helping behavior in cooperative breeders (Kokko et al.,
001). Detailed studies that measure differences in fitness and
elatedness among group members can parse out the importance
f these mechanisms.

Research in cooperative breeding vertebrates has only
ecently begun to focus on selective models to explain the
aintenance of helping behavior. However, a critical and still

nexplored aspect of any cooperation model is that it must be
obust to cheaters. While cheaters have been discussed in the-
retical papers on cooperative breeding (Wiley and Rabenold,
984; Kokko et al., 2001), very little empirical work in these
ystems has investigated cheaters in nature. We hope to spur
iologists to explore the possibility that cheats exist within coop-
ratively breeding groups.
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