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C H A P T E R 13

Brood parasitism
Claire N. Spottiswoode, Rebecca M. Kilner, and Nicholas B. Davies

13.1

Introduction

Whenever parents provide care they are vulnerable
to exploitation by brood parasites (Fig. 13.1). Brood
parasitic offspring have no evolutionary interest
in their foster siblings, or in their foster parents’
residual reproductive value. These unconventional
families provide startling images: a cliff swallow
Petrochelidon pyrrhonota carrying in its bill a partially incubated egg of its own to another cliff swallow’s nest (Brown and Brown 1988); a three day old
greater honeyguide Indicator indicator, naked, blind,
and heavily armed, stabbing and shaking to death a
newly-hatched bee-eater chick in the darkness of a
burrow (Spottiswoode and Koorevaar 2012); a large
blue butterfly Maculinea rebeli caterpillar in an ant’s
nest, mimicking the stridulations of the ant queen to

Figure 13.1 A red-chested cuckoo Cuculus solitarius being fed by Cape
wagtail Motacilla capensis in South Africa (photo: Alan Weaving).

assure that it receives royal care from the workers it
has previously fooled, with mimetic hydrocarbons,
into taking it for an ant (Barbero et al. 2009); or
a reed warbler Acrocephalus scirpaceus perching on
the shoulder of a young common cuckoo Cuculus
canorus nine times its size, stuffing food into its
bright orange gape (Kilner et al. 1999). How are host
parents duped into tending for an imposter, and
how might interactions between hosts and parasitic
offspring differ from those among genetic family
members?
In this chapter, we suggest that the key to predicting the host’s co-evolutionary response to brood
parasitism, and to explaining how selection influences the behaviour of the young parasite, lies in
the virulence of parasitic offspring. We define this
as the fitness costs that the parasite imposes on its
host. The costs of parasitism influence the strength
of selection on hosts to defend themselves against
parasitism and this, we argue, explains some of the
vast diversity both in host defences and in subsequent parasite counter-adaptations (Sections 13.3
to 13.6). Furthermore, the virulence of the young
parasite dictates the social environment in which
parasitic offspring extract parental care from their
hosts. This in turn explains some of the variation
in brood parasitic tactics to secure care from foster
parents (Sections 13.5.2 to 13.5.4). Finally, since variation in virulence explains so much about the interactions between brood parasites and their hosts, we
consider the factors that cause variation in virulence in the first place (Section 13.7). Throughout,
we focus primarily on the well-studied avian brood
parasites (which include examples of both interspecific and conspecific parasitism), because interactions between brood parasitic offspring and their
hosts have been relatively little studied in other
taxa.
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13.2 Who are the brood parasites, how
virulent are they?
Brood parasitism has repeatedly arisen in taxa
exhibiting parental care: it is well documented in
birds, insects, and fish, and has recently been confirmed to occur in frogs (Brown et al. 2009). To
date it is completely unknown from mammals, perhaps owing to live birth and early learning of offspring through olfactory cues. Brood parasitism
takes two main forms: obligate (where the parasite is completely dependent on the parental care
of another species), and facultative (where parasitism is an alternative tactic that supplements the
parasite’s own reproduction, or helps compensate
for reproductive failure). In birds, obligate brood
parasitism occurs in about 100 species (1% of bird
species) spanning four orders (Davies 2000), and
has evolved independently seven times (Fig. 13.2;
Sorenson and Payne 2005): three times within
the cuckoo family and once each in ducks, honeyguides, finches, and New World blackbirds (cowbirds). Facultative brood parasitism occurs much
more widely across the avian phylogeny and typically occurs within individuals of the same species,
or sometimes related species (e.g. Sorenson 1997).
It is especially frequent among species that breed
colonially (Yom-Tov and Geffen 2006) or have precocial young (Sorenson 1992). Among insects, interspecific brood parasitism is most common in the
social Hymenoptera (often referred to as ‘social parasites’, including the ‘slave-maker’ ants): ants, bees,
wasps, and bumblebees (reviewed by Kilner and
Langmore 2011), as well as certain Coleoptera such
as tenebrionid and dung beetles (e.g. Chapman
1869, Rasa 1996). Many of these groups also have
conspecific brood parasitism. In fish, egg-guarding
is the predominant form of parental care exploited,
and parasitism is typically facultative and occurs
among conspecifics. One exception is the obligately
parasitic cuckoo catfish Synodontis multipunctatus,
which feeds off all of its foster siblings while
they are brooded within the cichlid host parent’s
mouth (Sato 1986). Brood parasitism also appears
to be facultative in amphibians (Brown et al.
2009).
The main source of variation in virulence in
brood parasites arises from the behaviour of par-
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asitic offspring: some species kill their foster siblings, while others are raised alongside host young,
and these alternative parasitic tactics have arisen
independently among birds and other animals
(Fig. 13.2). In birds, virulence varies from relatively low (e.g. in many conspecific brood parasites,
reviewed by Lyon and Eadie 2008) to extremely
severe, where parasitic hatchlings obligately kill
host young and there is no scope for host re-nesting
within the season (Fig. 13.3 and Table 13.1 which
lists different forms of avian parasitic systems in
ascending order of virulence; see also Brandt et al.
2005 for equivalent discussion on insect social parasites). There are two key points that can be emphasized from this diversity. First, virulence in the
same parasitic species can vary depending on the
host species, ranging from low (young of relatively
large host species often survive alongside the parasite) to very high (young of relatively small host
species rarely survive). Second, the highly virulent chick-killing brood parasites are not all equally
virulent to all hosts: variation in parasite developmental rates and host breeding seasons means
that re-nesting after successfully raising a parasitic chick is feasible for some host species but not
for others (Brooker and Brooker 1998; Langmore
et al. 2003).
We now review successive lines of parasite attack
and host defence in the light of this variation in
virulence.

13.3 The egg-laying stage
The first hurdle faced by brood parasites is gaining entry to host nests. Many avian and insect
host parents recognize their parasite and fiercely
mob or attack it; hosts are even able to identify
the intentions of conspecific brood parasites, and
repel them (reviewed by Lyon and Eadie 2008).
To evade these defences, both insect and bird
brood parasites use brute force, stealth, or deception (reviewed by Kilner and Langmore 2011). Mobbing by avian hosts deters parasitism (Welbergen
and Davies 2009), alerts defences in neighbouring
hosts (Davies and Welbergen 2009), increases the
chances that the host will reject a parasitic egg
(Davies and Brooke 1988, Lotem et al. 1995), and
in extreme cases may lead to injury or even death
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Figure 13.2 Parasitic genera mentioned in the text in a phylogenetic framework (topology from Payne 2005a; Hackett et al. 2008), showing the seven
times brood parasitism has independently evolved, the variation in parasitic virulence among parasitic genera, and the presence or absence of host and
parasite adaptations (so far as is known). In species showing both virulence states, whether host young die seems typically to depend on their relative size.
Pachycoccyx is not discussed in the text but is shown simply to emphasize that occasionally low virulence in Eudynamys has arisen from a more virulent
ancestor (Section 13.7); however, note that while Eudynamys and Scythrops are allocated both states of virulence because they sometimes fail to kill host
young, it is unknown whether they are sometimes simply prevented from doing so owing to large host size. Footnotes: 1 except Horsfield’s bronze-cuckoo
eggs which resemble those of superb fairy wrens, even though egg rejection by fairy wrens is rare (Langmore and Kilner 2010); 2 to date detected only in
one population of one host; 3 but only one host tested to date (C.N.S. unpubl. data); 4 only for screaming cowbirds Molothrus rufoaxillaris; 5 C.N.S. unpubl.
data.

for the parasite (e.g. an adult lesser honeyguide
can be killed by its larger barbet host, Moyer 1980).
As a counterdefence against mobbing, many Cuculus cuckoos have evolved rapid and secretive lay-

ing, and body shapes and plumage patterns that
closely resemble those of predatory hawks, which
inhibits close approach (Davies and Welbergen
2008). There is also a striking resemblance between
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Table 13.1 Variation in virulence in avian brood parasites, in ascending order of virulence. See also Fig. 13.3

Current brood

Examples of cost of parasitism to host
Future broods

Interspecific brood parasite with
negligible cost
Conspecific brood parasite (young feed
themselves: parental care shareable
among brood)
Conspecific brood parasite (young need
to be fed; parental care unshareable
among brood)
Interspecific, non-siblicidal brood
parasite

Incubation of one extra egg (parasitic
chick runs off soon after hatching)
Loss of none to several eggs

None
Probably none

Examples of parasitic species

black-headed duck Heteronetta
atricapilla
canvasback Aythya valisineria, common
goldeneye Bucephala clangula

Sometimes loss of one egg; sometimes
reduced viability of own young

Probably minor

American coot Fulica americana, cliff
swallow Petrochelidon pyrrhonota

Loss of at least one egg; host eggs
deliberately damaged; reduced
growth or viability of host young

Probably minor

Interspecific brood parasite which kills
entire brood (high cost)

Loss of entire brood

Potential for renesting
within same season

Interspecific brood parasite which kills
entire brood (extremely high cost)

Loss of entire brood

No potential for renesting
within same season
(most host species)

great spotted cuckoo Clamator
glandarius, shiny cowbird Molothrus
bonariensis, pin-tailed whydah Vidua
macroura
Horsfield’s bronze-cuckoo Chalcites
basalis (ejects host young), cuckoo
finch Anomalospiza imberbis (usually
outcompetes host young)
common cuckoo Cuculus canorus (ejects
host young), greater honeyguide
Indicator indicator and striped cuckoo
Tapera naevia (each has
independently evolved stabbing host
young to death)

cuckoo finch females and those of the harmless
bishopbirds Euplectes spp. As an additional first line
of defence, many Ploceus weaver species have long
woven tubes dangling below their nests, impeding
or at least slowing down the entrance of diederik
cuckoos Chrysoccocyx caprius (Freeman 1988; Davies
2000).
Do the hosts of more benign parasites show
weaker defences? Hosts of the Vidua finches seem
to ignore their parasites, who may even push the
incubating host female aside to insert their egg
into the clutch (Skead 1975). Defences may only
evolve when the costs of parasitism are sufficiently
severe to outweigh the costs of defence. In relatively non-virulent parasitic ducks, for example,
the ferocity of host nest defence may be tempered by collateral damage to the host’s own
clutch (Sorenson 1997). Overall, Fig. 13.2 shows
a pattern broadly consistent with the idea that
weak defences are associated with benign parasites,
but many gaps in our natural history knowledge
remain.

13.4 The incubation stage
Typically, the incubation of a parasitic egg does
not impose severe costs to hosts, although there
are certain exceptions among smaller cowbird hosts
whose eggs suffer reduced hatchability alongside
the much larger cowbird egg (Rothstein 1975).
However, detecting parasitism at the incubation
stage may prevent potentially high costs at the chick
stage, and it is hence at the egg stage when some of
the most sophisticated co-evolutionary interactions
between host and parasite occur. Host parents can
eject a parasitic egg, selectively withhold incubation
from it, or abandon the nesting attempt altogether
and start again, but all of these defences depend
crucially on prior egg recognition. When recognition evolves, it can unleash a cycle of adaptation
and counter-adaptation in parasitic egg mimicry
and host egg markings that act as ‘signatures’ to aid
egg discrimination, resulting in interclutch polymorphisms (recent reviews: Davies 2011; Kilner and
Langmore 2011; Langmore and Spottiswoode 2012).
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Figure 13.3 Variation in brood parasitic virulence. The top row shows two independently evolved highly virulent chick-killing brood parasites and their
respective weaponry: (a) an African cuckoo Cuculus gularis hatchling evicts a fork-tailed drongo Dicrurus adsimilis egg in Zambia, and (b) a young greater
honeyguide Indicator indicator shows its lethal bill hooks, also in Zambia (photos: Claire Spottiswoode). The bottom row shows two independently evolved
relatively benign brood parasites: (c) a highly mimetic pin-tailed whydah Vidua macroura (chick at right) is raised alongside its common waxbill Estrilda
astrild foster-siblings in South Africa (photo: Justin Schuetz), and (d) a great spotted cuckoo Clamator glandarius (chick at right) probably profits from the
begging efforts of its carrion crow Corvus corone (chick at left) foster sibling in Spain (photo: Vittorio Baglione).

Discriminating against suspicious eggs can entail
costs to hosts, either from mistakenly rejecting the
host’s own egg, or a result of damage to their own
clutch in the process of ejecting what is often a large
and thick-shelled foreign egg (Antonov et al. 2009;
Davies and Brooke 1988). Nonetheless, selection has
repeatedly favoured discriminating hosts, resulting
in egg mimicry having repeatedly evolved among
both avian and insect brood parasites: just as cuckoos and cuckoo finches mimic host eggs in colour
and pattern in response to visual egg recognition
by host parents, cuckoo bumblebees and socially
parasitic ants mimic host egg hydrocarbon profiles
in response to olfactory egg recognition by hosts.
Likewise, in each taxon there is evidence that visual
(birds) and olfactory (insects) host egg ‘signatures’
have diversified in escalated defence against parasitic mimicry (reviewed by Kilner and Langmore
2011).

However, egg mimicry is not the only way that
parasites can escape host detection. The Chalcites
cuckoos of Australasia lay dark-coloured eggs that
do not mimic the eggs of their hosts but are cryptic within the dark interior of the domed nests of
their hosts (Langmore et al. 2009b), and certain nonmimetic egg traits may even be attractive to hosts
and thereby increase acceptance (Alvarez 2000).
Hosts fooled by cryptic or attractive eggs may be
forced to depend on subsequent lines of defence to
combat parasitism (Section 13.5.5).
In the following survey, we will assume that parasitic mimicry is indicative of host defences (with
the caveat that other sources of selection can generate mimicry: reviewed by Langmore and Spottiswoode 2012), and that the evolution of host egg
‘signatures’ (interclutch polymorphisms) is indicative of even stronger host defences. At first sight,
broad patterns seem to be generally consistent with
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the idea that egg rejection is related to parasite
virulence (Fig. 13.2): eggs of the benign blackheaded duck and Vidua finches show no visual
resemblance above that expected from common
ancestry with their hosts. Among moderately virulent parasites, Clamator and Eudynamys cuckoos
show egg mimicry but their hosts have not evolved
signatures in response, while Molothrus cowbirds
seem not to show widespread egg mimicry. By
contrast, the highly virulent cuckoo genera Cuculus and Chrysococcyx and the cuckoo finch genus
Anomalospiza have all evolved egg mimicry, and
many of their hosts have in turn evolved egg signatures in defence. The highly virulent honeyguides,
family Indicatoridae, may show host egg mimicry
with respect to size and shape (Spottiswoode et al.
2011) as well as colour (Vernon 1987). This is a
crude overview and many gaps in our knowledge still remain (e.g. concerning the highly virulent New World cuckoos), but it suggests that
strength of defence at the incubation stage is related
to the costs hosts face if they fail to identify an
alien egg.

13.5

The chick-rearing stage

An exhausted songbird feeding a giant, solitary,
cuckoo chick many times larger than itself (Fig.
13.1) is an arresting image that has captured the
imagination of birdwatchers and biologists for hundreds of years, but this may obscure the fact that
many other species of brood parasites have taken
quite different and more subtle routes to achieving
high levels of care during post-natal development.
In this section, we consider how strategies of high
and low virulence can each be highly successful for
brood parasites.

13.5.1 How parasitic parents can improve
the nestling environment
Parasitic parents show adaptations to maximize
their offspring’s ability to exploit host care, even
prior to laying their egg. Parasites select host
species with appropriate diets (Schulze-Hagen et al.
2009) and those individual nests that are likely to
provide the best rearing conditions. Among the
insects, for example, the digger wasp Cerceris are-
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naria preferentially chooses host nests containing
greater food stocks (Field 1994). Among birds, we
might speculate that parents of parasites that do
not kill the foster siblings have the most to gain
from targeting host pairs that provide superior
parental care, if it is more energetically demanding to rear a brood where the parasitic chick is
raised alongside host chicks rather than a parasitic chick on its own (Section 13.5.5). In broad
accordance with this expectation, most examples
of parasitic selectivity to date come from the nonkilling Clamator cuckoos and cowbirds, although
empirical studies are admittedly few (reviewed by
Parejo and Avilés 2007). For example, the nonchick-killing great spotted cuckoo Clamator glandarius chooses individual magpie Pica pica hosts
that enable better fledging success for their offspring (Soler et al. 1995a), whereas the chick-killing
Horsfield’s bronze-cuckoo Chalcites basalis apparently does not (Langmore and Kilner 2007). What
cues might parasites use to assess parental quality? One possibility is that parasites eavesdrop on
correlates of host parental quality such as sexual
display (Parejo and Avilés 2007), as is the case with
great spotted cuckoos and magpies (Soler et al.
1995a). Alternatively, parasites may assess parental
quality directly, especially in the case of some conspecific brood parasites: cliff swallows also select
superior host nests, and it is possible that their
transfer of semi-incubated eggs described at the
beginning of the chapter may allow them more time
to assess the relative parental quality of prospective
hosts (Brown and Brown 1991). Similarly, northern
masked weavers Ploceus taeniopterus also transfer
eggs that have developing embryos, which may
have a similar function to that suggested for cliff
swallows (Jackson 1993).
Prior to egg-laying, parasitic parents can manipulate the rearing environment of their offspring by
removing host eggs (e.g. Massoni and Reboreda
1999; Soler and Martínez 2000), and by giving their
own egg a head start in embryonic development.
The latter facilitates early hatching relative to host
chicks, thereby producing a corresponding size disparity in the parasite’s favour, and is an adaptation
shared by both chick-killing and non-chick-killing
species of parasite. In chick-killing species, early
hatching is advantageous not only because an egg

OUP CORRECTED PROOF – FINAL, 12/7/2012, SPi

232

T H E E VO L U T I O N O F PA R E N TA L C A R E

or small host hatchling might be easier or cheaper
to kill than a larger chick, but also because of the
potential risk of being killed by any other parasite laid in the same host nest. In the case of
non-chick-killing species, early hatching is expected
to improve the parasite’s ability to compete with
host chicks. In both cases rapid embryonic development is an adaptation for dealing with rivals in
the nest.
The mechanisms contributing to early hatching
of parasitic eggs are only partially understood.
A mechanism known to be shared by both cuckoos
and honeyguides is internal incubation, whereby
eggs are laid at 48 hour intervals, allowing 24 additional hours of embryonic development before laying (Birkhead et al. 2011). Subsequently, eggs laid by
parasites generally have rapid development, which
studies of cuckoos and cowbirds suggest may also
to some degree be accounted for by their often relatively small overall size, but large yolk size and
elevated yolk carotenoid (but apparently not androgen) content (Hauber and Pilz 2003; Törok et al.
2004; Hargitai et al. 2010). Evidence to date for the
adaptive role of these maternal factors in brood parasites is not yet wholly clear, and we have much
still to learn about the physiological mechanisms
contributing to brood parasites’ rapid development
and hatchling vigour.

13.5.2 Costs of chick-killing to parasites
In brood parasites, just as in pathogens, there
are costs associated with being highly virulent
(reviewed by Kilner 2005). In avian brood parasites, these costs may be threefold: first, the act of
removing host chicks might be energetically expensive and potentially incur longer term costs. For
example, cuckoo chicks certainly look exhausted
when collapsing into the nest bowl after ejecting an
egg, and honeyguides pant heavily after a bout of
stabbing (Spottiswoode and Koorevaar 2012). However, the evidence to date suggests that at least in
common cuckoos, the act of eviction imposes only
short term costs to growth that are quickly regained
(Anderson et al. 2009; Grim et al. 2009). Second, by
killing host chicks, parasites might lose their assistance in stimulating the host parents to provision
them with food. The clearest evidence comes from

the brown-headed cowbird Molothrus ater. There is
considerable variation among host species in the
number of chicks that die as a result of brownheaded cowbird parasitism. Cowbird growth and
viability was greatest in host species in which an
intermediate number of host young typically survive alongside the cowbird, implying that host
chick mortality conferred a cost to the cowbird (Kilner 2003; Kilner et al. 2004). Moreover, experiments
in eastern phoebes Sayornis phoebe nests clearly
showed that cowbirds acquire the most food when
host young are present alongside them (Kilner et al.
2004). A third cost of virulence can be incurred if
a parasite’s sole occupation of the nest signals its
alien identity. To date only one host species has been
shown to use this as a cue of parasitism: the superb
fairy wren Malurus cyaneus deserts about 40% of
Horsfield’s bronze-cuckoo chicks within days of
hatching, and experiments confirmed that the number of nestlings in the nest contributed to triggering
this parental defence—although this was not the
only such cue—particularly in inexperienced fairy
wren females unfamiliar with the appearance of
their own young (Langmore et al. 2003; Langmore
et al. 2009a).

13.5.3 Virulent chicks: how to solicit
a foster-parent
The previous section has shown that monopolizing
parental care comes at a cost to parasitic chicks,
but so too does sharing parental provisioning with
host young. In each case, parasitic adaptations have
arisen to minimize the costs incurred by that strategy. In the case of the highly virulent chick-killing
brood parasites that lose the begging assistance of
their foster siblings, the challenge lies in compensating for the reduced visual and vocal begging signal
that can be produced by a lone chick. The two moststudied chick-killing parasites, the Cuculinae cuckoos and the honeyguides, have evolved slightly different solutions to overcome this problem.
Most cuckoo species and host races are raised
in relatively open nests with a sufficiently bright
light environment that allows both visual and vocal
signals to be involved in chick begging. Common cuckoos elicit parental provisioning using both
types of signal: cuckoo gapes are large and very
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brightly coloured but this stimulus alone is insufficient to elicit the rates of care they require, as it cannot match the gape area of a brood of young (Kilner
et al. 1999). This is especially so at the later stages
of nestling development when the area of a single
cuckoo gape is disproportionately smaller compared to a host brood. To compensate for this inferior visual stimulus, cuckoos supplement it with
unusually rapid begging calls that sound like many
hungry host chicks, and together these stimuli elicit
the same degree of care provided to a brood of host
young (Davies et al. 1998; Kilner et al. 1999). However, despite its lack of genetic interest in the host
parents’ residual reproductive value, the cuckoo is
fed at the same rate as a brood of host chicks rather
than at a supernormally high rate (Kilner et al.
1999), despite the fact that hosts are physically capable of higher short-term provisioning rates (Brooke
and Davies 1989). It is possible that there are physical constraints upon the vocal signal produced by a
lone chick (Kilner et al. 1999), in addition to a lack
of host responsiveness to the bright colouration of
the cuckoo’s gape, which fails to compensate for its
small size compared to the gape area of a brood of
host chicks (Noble et al. 1999).
The Horsfield’s hawk-cuckoo Cuculus fugax of
eastern Asia has evolved a remarkable alternative
solution to supplement its bright yellow gape’s
inadequate visual signal. Host nests experience
high levels of predation and hence neither host
nor parasite begs loudly. Instead, the cuckoo has
evolved a silent accompaniment to increase its
gape’s apparent area: during begging it additionally flashes false gapes, in the form of bright yellow
patches of naked skin beneath its wings, which so
effectively stimulate the hosts that they sometimes
attempt to feed the young cuckoo’s wing rather
than its mouth (Tanaka and Ueda 2005).
Most honeyguide species, by contrast, parasitize hosts that breed in deep holes, either within
tree branches or in terrestrial burrows. In this
unpromising visual environment, vocal cues might
be expected to predominate, and indeed neither
host nor parasitic young have brightly coloured
gapes or are in any other way visually adorned.
However, both host and parasite have loud and
vigorous begging calls in the security of their holes
and, in the nests of two species of bee-eaters Merops
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spp. that are parasitized by the greater honeyguide,
the begging call of a single honeyguide strikingly
resembles that of many host young calling at once
(Fry 1974; CNS unpubl. data). It is as yet unknown
whether either hawk-cuckoos or honeyguides are
able to achieve a truly supernormal stimulus using
their exaggerated visual and vocal cues respectively, and thus fully exploit their parents’ provisioning ability; this would require showing that
parasites are fed at a higher rate than a brood of host
young.

13.5.4 Benign chicks: how to compete with
foster-siblings
In the case of less virulent brood parasites that
share the nest with host young, the challenge
in successfully exploiting parental care depends
on competition with host chicks. Chick mimicry
can be at its most sophisticated in such mixed
broods, suggesting that sibling competition can be
at least as potent a selective force for mimicry
as host rejection. Mimicry is only one weapon
in the benign parasite’s arsenal, however: nonchick-killing brood parasites have evolved several
times, and in each instance a slightly different combination of traits ensures parasitic success. The
black-headed duck becomes independent soon after
hatching and so requires no special adaptations
for extracting post-hatching care (Table 13.1). The
remaining three groups of non-chick-killing parasites are the Molothrus cowbirds, the Clamator cuckoos, and the Vidua finches; we will discuss each of
these in turn.
Most cowbird species share two advantages over
their hosts that are common to many other brood
parasitic systems. First, in many host species the
brood parasite has an automatic upper hand in
chick competition owing to its larger size (e.g.
Soler et al. 1995b; Hauber 2003a). Second, release
from kin selection allows it to beg more vigorously
than hosts for a given level of hunger (Lichtenstein 2001; but see Box 13.1). This in turn opens
up the possibility of parasites co-opting host begging to their own advantage, since they are able
to take a disproportionate share of the food that is
brought to the nest. Evidence for this idea comes
from the brown-headed cowbird, which when
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parasitizing most host species receives more food
than host chicks thanks to its more vigorous begging behaviour and its larger size (reviewed by
Hauber 2003a). Owing to their advantage in competition for food provided by host parents and the
flexibility of parental provisioning in relation to offspring demand, cowbirds can accrue a net benefit
by sharing the nest with host young: hosts assist
the cowbird to signal demand, but when food is
provided it is usually monopolized by the cowbird
(Kilner et al. 2004). Comparative analyses suggest that this advantage is greatest when an intermediate number of host young typically survive
alongside the cowbird; perhaps too few hosts provide negligible assistance in begging, whereas too
many hosts provide excessively stiff competition for
resources (Kilner et al. 2004). Under these specific
conditions (flexible parental provisioning, parasitic
advantage in competition with host young), selection will favour an element of restraint in parasitic selfishness such that parasites do not cause
host chick mortality. Thus in order maximally to
exploit its unrelated foster parent, the parasite must
restrain its impact on unrelated foster siblings (Kilner et al. 2004). This may be contrasted with conditions when parental resources are fixed (e.g. parasitoid eggs on a carcass), when it would pay a
parasite always to outcompete non-relatives (Kilner 2003). Despite this restraint, cowbird parasitism
may have a severe impact on the survival of host
daughters: in at least one host species, the cowbird
chick’s superior competitive ability has a disproportionately heavy impact on less competitive female
host young, resulting in higher female mortality
and hence male-biased brood sex ratios at fledging
(Zanette et al. 2005).
Cowbird behaviour can, in turn, have consequences for dynamics of interactions among host
offspring even in unparasitized broods. From a
host chick’s perspective, a cowbird nestmate is of
course unrelated, so when parasitism is frequent,
it should favour an increase in selfishness also
among host chicks, while the presence of other
related individuals in the brood should favour
a decrease in selfishness. This predicts that any
cowbird-induced host selfishness should be most
pronounced in hosts with smaller broods, when
the introduction of a cowbird has a disproportion-

ately large effect on the brood’s average relatedness. Precisely such a pattern was found across a
range of North American birds: species that endure
high rates of brown-headed cowbird parasitism beg
more loudly than species less severely affected,
and this effect was strongest in species with small
clutches (Boncoraglio et al. 2008). This pattern is
consistent with the general pattern of begging in
relation to brood relatedness across all bird species,
parasitized or not, since those species experiencing
high rates of extra-pair paternity—and thus lower
average within-brood relatedness—also beg more
loudly than their less promiscuous relatives (Briskie
et al. 1994).
Among the host-tolerant Clamator cuckoos, great
spotted cuckoos are the most studied to date, and as
for cowbirds, their size and vigorous begging relative to their hosts contributes to their success (Soler
et al. 1995b). However, in this species these advantageous traits are compounded by a third: great
spotted cuckoos have conspicuously pale papillae
on their palates, which despite not being present
on host young have a strong stimulatory effect on
parental provisioning (Soler et al. 1995b). Similar
papillae are found in related non-parasitic cuckoos
(Payne 1977) and may therefore persist in the great
spotted cuckoo via common descent. It is unknown
why they stimulate host parents so effectively.
Vidua finches are even more benign parasites than
either of the previous examples. These brood parasites are closely related to their estrildid finch hosts,
and resemble them in size. All estrildid finches have
complicated patterns of spots, stripes, and bizarrely
coloured reflective nodules inside their mouths and
on their gape flanges (Fig. 13.3; reviewed by Payne
2005b). Most Vidua species specialize on a single
host species, and different Vidua species show precisely the same markings as their specialist host
(Neunzig 1929). It was long assumed that this
close matching was a product of host rejection
selecting for mimicry, just as cuckoo eggs match
their hosts’. At first sight, host mouth markings
do look like signatures that have been forged by
the parasite. In other words, parasites are selected
to mimic hosts. However, experiments by Schuetz
have shown that hosts readily accept chicks with
mis-matched mouths, although they feed them less
(Schuetz 2005). The hosts’ mouth patterns thus
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seem not to be defensive signatures, but rather
stimuli attractive to parents (the chick’s equivalent
of a peacock’s tail). The parasite will therefore be
selected to innovate new mouth markings that host
parents find highly attractive, because its needs are
not tempered by any genetic interest in its brood
mates. Once this happens, host chicks might in turn
be selected to exaggerate their signals simply to
compete effectively with the parasite, leading to a
co-evolutionary race in which the hosts mimic the
parasite (Hauber and Kilner 2007). According to
this speculative scenario, elaborate gapes are still
the product of co-evolution, but result not from a
race to signal identity, but rather from competition
to stimulate parental provisioning.
The need to compete effectively in within-brood
competition might also account for other cases
of parasitic chick mimicry in groups that are not
known to encounter regular chick rejection, such
as screaming cowbirds Molothrus rufoaxillaris parasitizing (distantly related) bay-winged cowbirds M.
badius (Fig. 13.2; Fraga 1998), and (with the exception of the papillae described above), great spotted
cuckoos parasitizing magpies (Soler et al. 1995b).
In these cases, there is less reason to suspect that
parasites have driven visual elaboration of hosts.

13.5.5 How can hosts defend themselves
at the chick stage?
Given the costs of chick provisioning (e.g. Brooke
and Davies 1989; Kilpatrick 2002) and the lengthy
incubation period that preceded them, the nestling
period is a late and expensive stage for hosts to
detect and respond to parasitism (Section 13.6). Yet
host parents can still escape further costly investment by detecting parasitic chicks after they have
hatched, and we might expect selection for such
defences to be strongest in the hosts of highly virulent brood parasites. In recent years, multiple examples have been uncovered (Fig. 13.2), particularly
among the hosts of the (highly virulent) bronzecuckoos Chalcites spp. of Australasia. Importantly,
bronze-cuckoos have evaded earlier lines of host
defence with their cryptic (or mimetic, Langmore
and Kilner 2009) eggs (Section 13.4), which should
exacerbate selection for chick rejection since this
is the only stage at which hosts can still defend
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themselves. We have already noted in Section 13.5.2
that superb fairy wrens identify Horsfield’s bronzecuckoo chicks by virtue of their sole occupancy of
the nest (Langmore et al. 2003), supplemented with
visual cues that reduce mistaken rejection of single
chicks of their own (Langmore et al. 2009a). Similarly, two gerygone Gerygone spp. hosts of the little
bronze-cuckoo C. minutillus are able to reject cuckoo
chicks (in this case by physically tossing them out
of the nest with their bills) even when host chicks
remain in the nest, suggesting that other cues must
act in these cases (Sato et al. 2010, Tokue and Ueda
2010). Powerful evidence that Chalcites hosts use
visual cues to prompt such rejection comes from the
remarkably sophisticated phenotypic matching of
several species of Chalcites cuckoos to their respective specialist host, mimicking skin and mouth
colour, and the presence and structure of white
downy feathers (Langmore et al. 2011).
In a population of reed warblers, host parents sometimes desert common cuckoo nestlings in
response purely to the longer duration of parental
care (Grim 2007). While host parents have by this
stage already paid a considerable cost, by abandoning a large cuckoo chick they still avoid squandering additional weeks of parental effort, increasing
the possibility of renesting. However, a behavioural
rule to desert a chick after a lengthy period of
care need not have evolved in response to parasitism but could, for example, have evolved to protect them from investing in a brood of their own
which is likely to fail. A broad analogue in timing of defence in the insects has recently been discovered in the Temnothorax spp. hosts of the slavemaking ant Protomognathus americanus: by the time
of enslavement hosts have lost all chances of reproducing themselves, but by killing parasitic pupae
they can reduce the future impact of parasitism
on neighbouring colonies that are typically closely
related to themselves (Achenbach and Foitzik 2009).
The previous examples all involve highly virulent parasites, but recent evidence suggests that
even the relatively low virulence of conspecific parasitism can select for host defences at the chick
stage. Such defences are made all the more remarkable by the sensory challenge of identifying a conspecific chick as a parasite. For example, American
coots Fulica americana rely on the tendency for par-
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asitic females to lay their eggs later in the laying
sequence to imprint on the appearance of the first
few chicks that hatch, and use this information
to kill any subsequently hatched young that deviate from this template (Shizuka and Lyon 2010).
Moreover, the accuracy of this learning process is
enhanced by selectively moving suspected parasitic
eggs to the outside of the clutch at the incubation
stage, thus delaying their hatch date and minimizing the risk of learning the wrong template (Shizuka
and Lyon 2011).
Finally, if hosts cannot or do not reject parasitic
eggs or chicks, they can lessen the costs of parasitism by tailoring their life-histories towards parasitic tolerance. Tolerance is an adaptation that we
might expect to see in the hosts of less virulent parasites where tolerance is a plausible compromise.
Specifically, hosts might be expected to decrease
their investment in each clutch, thus allowing them
a greater number of reproductive attempts. Consistent with this idea, cowbird host species with a long
history of co-evolution with the brood parasite lay
smaller and more clutches than species that have
only recently begun to be parasitized by cowbirds
(Hauber 2003b). Conversely, larger clutches may be
favourable under parasitism if they offset the costs
of egg loss and if multiple clutches are impossible,
as in magpies parasitized by great spotted cuckoos.
Magpies sympatric with the cuckoo correspondingly laid larger clutches of smaller eggs than populations allopatric with the cuckoo (Soler et al. 2001).
Both of these examples do indeed come from less
virulent parasites, but equivalent analyses of the
hosts of virulent parasites are clearly needed before
concluding that only relatively benign parasites can
select for adaptations that facilitate tolerance.

13.5.6 How are chick adaptations
evolutionarily maintained?
Chick mimicry and other parasitic adaptations to
different host species manifest at the nestling stage
of parental care pose a special evolutionary problem because they are expressed in both sexes,
whereas host-specific adaptations at the egg stage
are expressed only by adult females. Thus, while
female-specific traits may potentially be maternally
inherited within parasite species via the femalespecific W chromosome, allowing multiple para-

sitic host-races (‘gentes’) to specialize on different
hosts at the egg stage (Punnett 1933; Gibbs et al.
2000; Spottiswoode et al. 2011), in the absence of
genomic imprinting a maternal mode of inheritance
cannot explain chick specialization. Three alternative solutions to the problem of chick adaptations
to multiple host species might be envisaged: parasites could mate assortatively according to host use,
ultimately leading to parasite speciation; parasites
could produce intermediate signals that adequately
fool several hosts; or parasites could develop specializations through phenotypic plasticity. The first
of these solutions is beautifully illustrated by the
parasitic indigobirds Vidua spp. in which each host
species has a corresponding parasite species (Fig.
13.3, Sorenson et al. 2003; Langmore et al. 2011).
The second solution, an intermediate phenotype, is
seen in the Horsfield’s bronze-cuckoo which parasitizes numerous host species and which shows an
intermediate visual phenotype that matches no host
perfectly (Langmore et al. 2011), despite selection
from hosts that reject visually mis-matched chicks
(Langmore et al. 2009a). It may be no coincidence
that this species also shows the third solution, phenotypic plasticity in host specialization: Horsfield’s
bronze-cuckoo chicks give different, mimetic begging calls in the nests of different host species, and
experiments have demonstrated that this develops through social shaping, whereby cuckoo chicks
gradually hone their calls towards those that are
most successful in eliciting parental care (Langmore et al. 2008). It is possible that this facultative
adjustment compensates for this generalist species’
jack-of-all-trades visual signal. Several other cuckoo
species exploiting multiple hosts have also been
found to show similar host-specific differentiation
in begging calls (reviewed by Langmore et al. 2008),
although the mechanism responsible for their maintenance remains to be identified.

13.6 Why are host parents often
so gullible?
Why are host parents often susceptible to being
parasitized? This is particularly perplexing at the
chick stage when, with a very few exceptions (Section 13.5.5), host parents assiduously feed a chick
that bears no resemblance to their own. At the
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Box 13.1 Kin selection and the evolution of brood parasitism
We have assumed that a parasitic chick is always unrelated
to its nestmates, and hence that within-brood relatedness
should not temper its selfishness. Is this a reasonable
assumption? It should be plausible for the chick-killing
brood parasites, although there are rare instances of two
parasitic chicks raised together (e.g. Skead 1970); however,
since selection should not favour females that lay multiple
eggs in the same nest, these are highly unlikely to be
relatives. In the less virulent cuckoo finch, more than half of
parasitized nests contain two parasitic chicks, which based
on egg phenotype can be inferred to have been laid by the
same parasitic female (CNS unpubl. data). Occasionally, a
great spotted cuckoo female will lay more than one egg in
the same host nest (Martinez et al. 1998). In such species
sibling conflict might be tempered by kin selection, more

outset, parasites may be exploiting simple parental
behavioural rules that serve host parents well in the
absence of parasitism. For example, an incubating
snow goose female will roll into her own nest an egg
deposited near the nest rim by another female, most
likely because conspicuous eggs attract predators
(Lank et al. 1991). In this case, the costs of raising an
extra precocial chick are sufficiently low that it still
pays the host female to obey her rule of thumb and
not risk losing her entire clutch. Similarly, a begging gape is a powerful parental stimulus: cuckoo
chicks are sometimes fed by other birds passing
by (McBride 1984; B.G. Stokke pers. comm.). Given
the potential costs associated with feeding a gaping cuckoo chick, it might be expected that selection would favour host parents who do change
their behavioural rules with respect to parental
care. Yet, this is curiously rare, at least among the
well-studied hosts of common cuckoos and brownheaded cowbirds.
Why might a changed rule of thumb fail to evolve
despite its evident benefits? The traditional alternatives are that either a lack of defence is non-adaptive
and there has simply not been sufficient time or
genetic variation for defences to evolve (‘evolutionary lag’), or that the costs of defence outweigh its
benefits and hence it is adaptive for defences not to
evolve (‘evolutionary equilibrium’). While this is a

similarly to conventional families but with the exceptions
that: 1) the nestlings have no genetic interest in the hosts’
future reproduction, and 2) brood parasites are commonly
(but not exclusively) promiscuous owing to their release
from parental care (Barnard 1998), suggesting that sibs are
likely to be half-sibs and correspondingly more selfish
(Briskie et al. 1994). For example, in only a third of nests
multiply parasitized by great spotted cuckoos did the two
cuckoo chicks share at least one parent (Martinez et al.
1998). We currently have no information on degrees of
selfishness in parasites that are commonly raised alongside
potential siblings. Conspecific brood parasitism, of course,
allows fascinating possibilities to arise since host and
parasite can be related; see Lyon and Eadie (2008) for an
excellent recent review.

long-running debate (Davies 2000), new theory and
recent fieldwork on previously little-known model
systems have shed light on some of the intriguing
nuances these alternatives might take; these are discussed next.
Perhaps the strongest evidence to date for
evolutionary lag comes from the finding that cowbird hosts that indiscriminately incubate parasitized clutches rather than deserting them are often
species that have only recently been exposed to parasitism (Hosoi and Rothstein 2000). However, this
hypothesis is difficult to falsify (Kilner and Langmore 2011). Evolutionary equilibrium arguments
are instead based on the premise that host defences
are costly in relation to the costs of parasitism. Overall, it might be predicted that evolutionary equilibrium should be more easily reached in the case of
relatively benign parasites, since it is in these circumstances that the benefits of rejection are small
and only relatively low costs of defence are sufficient to prevent rejection evolving. By contrast, only
overwhelmingly high costs of defence would be
sufficient to offset the costs of highly virulent parasites, and it may therefore be less easy to attain equilibrium (Stokke et al. 2007). This balance of costs can
be further decomposed to lead to two interesting
explanations for the puzzling mix of refined adaptation and the lack of it.
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First, in the case of chick-killing parasites, learnt
recognition of a parasitic chick may itself impose
prohibitively high costs. An elegant hypothesis
is based on the premise that chick recognition
would by necessity involve the host learning the
appearance of its own young. If so, costs arise
because if the host parent is parasitized by a
chick-killing brood parasite on its first nesting
attempt, it would imprint on the wrong species,
with disastrous consequences for future, unparasitized nesting attempts (Lotem 1993). Such high
costs should then prevent chick recognition and
rejection from evolving. These costs should not
be so severe at the egg stage or in benign brood
parasites, where host and parasite share the nest
and the risk of misimprinting should be lower,
thus allowing defences to evolve in these cases.
Experiments on American coots show that misimprinting can indeed be costly (Shizuka and Lyon
2010), and this hypothesis may well account for
many cases of puzzling absence of adaptation.
Clearly, a genetically inherited recognition template would be advantageous compared to learnt
recognition, if it removed the risk of misimprinting. The only evidence to date for any form of
such innate recognition system comes from fairywren hosts that frequently do reject Horsfield’s
bronze-cuckoo chicks (Langmore et al. 2003). Fairywrens innately use single occupancy of the nest
as a cue to prompt chick desertion (Langmore
et al. 2009a), but this recognition template is errorprone because hosts occasionally encounter single chicks of their own. The error rate decreases
in more experienced females, suggesting that the
innate template is additionally refined through
learning of their own offspring’s appearance (Langmore et al. 2009a); presumably these errors do
not outweigh the advantages of avoiding a prolongation of parasitism. An innately transmitted
but highly accurate chick recognition template has
apparently never evolved in any host species;
some possible explanations are discussed by
Lotem (1993).
Second, if early lines of defence such as nest
defence and egg rejection are effective, they may
result in diminishing returns from subsequent
costly lines of defence, as parasitism becomes an
increasingly weak selective force later in the repro-

ductive cycle. This variant on the rare-enemy effect
has been called ‘strategy-blocking’, since theoretical
models show that an effective early line of defence
can plausibly block the evolution of a subsequent
one (Britton et al. 2007). Correspondingly, as successive lines of defence are breached by the parasite, successive strategies of defence should evolve
(Welbergen and Davies 2009; Langmore and Kilner
2010), and the best host defences should be the earliest possible ones, since these allow the parasite to
avoid further costly investment.
What is suggested by the empirical evidence?
Most of the recently-discovered examples of chick
rejection all occur in species whose earlier defences
have indeed been breached (see example on Chalcites cuckoos; Section 13.5.5). However, in addition to chick rejection, American coots also show
effective egg discrimination and the two defences
appear even to act synergistically, suggesting that
the earlier strategy has not blocked the adaptive
value of chick rejection (Shizuka and Lyon 2011).
Strategy blocking may sometimes help to explain
surprising levels of parental gullibility at the egg
stage as well as the chick stage. For example,
Afrotropical jacobin cuckoos Clamator jacobinus lay
huge, round, white eggs that could not contrast
more with the smaller, tapered, mottled eggs of
their Cape bulbul Pycnonotus capensis hosts, who
nonetheless ignore cuckoo eggs. Bulbuls do however fiercely attack laying cuckoos, which might
restrict their access to host nests, leading to many
cuckoo eggs being laid too late and hence failing to hatch. In combination with high costs of
rejecting a large, strong-shelled egg and of attempting a second breeding attempt, poor parasitic egg
hatchability means that on average it pays the bulbuls to accept the evident imposter and rely on
a high probability that it fails to hatch (Krüger
2011). In this instance, evolutionary equilibrium
appears to explain the bulbul’s apparent naïvety,
and if vigorous nest defence does indeed substantially lower the hatching rate of cuckoo eggs, then
this may be interpreted as an example of strategy
blocking.
Both evolutionary lag and such a sequential accumulation of adaptive defences predict that systems of host defence should extend further into
the reproductive cycle with increasing evolutionary
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age of the parasite–host association. For example,
cowbirds are a relatively young parasitic lineage,
and moreover many cowbird hosts have only been
parasitized for a few centuries owing to anthropogenic change (Hosoi and Rothstein 2000). While
many cowbird host species show vigorous nest
defence, only some reject foreign eggs and none
are known to reject foreign chicks. The interactions between common cuckoos and many hosts
also appear to be relatively recent, with the common ancestor of the extant cuckoo gentes in the
UK estimated using mitochondrial DNA to date
back to around 80,000 years ago (Gibbs et al. 2000).
Nest defence against common cuckoos is common,
nearly all host species reject foreign eggs, and with
one exception, all hosts accept foreign chicks (the
one exception need not have evolved as a response
to parasitism; Section 13.5.5). By comparison, the
Australasian bronze-cuckoos (Chalcites) are more
ancient species (Payne 2005a) likely to have experienced longer term interactions with their hosts,
perhaps owing to the relative climatic stability of
tropical systems. Bronze-cuckoo hosts have had
their defences entirely breached at the egg stage,
and three species are now known to reject foreign chicks (Section 13.5.5). Thus these three systems seem broadly consistent with the idea that
variation in depth of defences through the reproductive cycle can to some degree be attributed
to evolutionary age. However, counter-examples
also exist: genetic evidence suggests that interactions between greater honeyguides and their hosts
are very ancient (Spottiswoode et al. 2011), yet a
common host shows only extremely vigorous nest
defence and appears to have no defences thereafter
(CNS unpubl. data).
It is interesting to speculate how host–parasite
co-evolution might escalate with increasing parasitic trickery. For example, American coots have a
sophisticated three-tiered system of defence against
intraspecific brood parasitism involving egg rejection, selective incubation, and chick discrimination
(Shizuka and Lyon 2011). Yet if parasitic females
were to evolve internal incubation and early hatching like cuckoos (Birkhead et al. 2011), or transfer of
partially incubated eggs like cliff swallows (Brown
and Brown 1988), they could quickly destabilize the
latter two defences.
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13.7 Conclusions and speculations
Variation in virulence may set off a cascade of host
and parasitic adaptations at different stages of the
reproductive cycle. In hosts, variation in virulence
seems likely to impact on the evolution of nest
defence, egg rejection, egg signatures, and chick
rejection (Kilner and Langmore 2011). In parasites,
variation in virulence may account for variation in
the evolution of egg-laying trickery, egg mimicry,
killing or co-opting of foster siblings, chick mimicry,
and perhaps even parasitic speciation.
What then dictates a parasite’s level of virulence?
The relative size of host and parasite may play a
role: the benefits of low virulence are most likely to
be accrued when hosts are similar sized or larger
than parasites, and can thus provide effective assistance in soliciting parental care. High virulence may
conversely be favoured when parasitizing smaller
hosts whose parental care is easily stimulated and
harder to share (Kilner 2005). But once highly virulent traits such as chick-killing have evolved in
a parasitic lineage, they may be difficult to lose,
even in a particular host environment when it might
become advantageous to do so. Interestingly, the
cuckoo genera Scythrops and Eudynamys that do not
always kill their hosts are nested within clades of
brood parasites that are obligate chick-killers (Fig.
13.2; Sorenson and Payne 2005), suggesting that
chick-killing can be evolutionarily reversed. In this
instance the loss of chick-killing might have been
forced by the use of relatively large hosts that might
be physically impossible to eject: Eudynamys populations in India parasitize relatively large hosts and
do not eject host chicks, whereas elsewhere they
do (Payne 2005a). Moreover, a parasite’s virulence
might be influenced by whether it is a generalist
or a specialist. If the former, they may not have the
ability to tailor their level of virulence for different
hosts, and if hosts vary substantially in size then a
generalist strategy may work better in some hosts
than in others.
Perhaps parasitic chicks could facultatively
reduce their virulence (e.g. by begging less to avoid
starving host chicks through competition) when
parasitizing hosts that it would be advantageous
to keep alive, to assist them in soliciting parental
care? Perhaps parasitic mothers could strategically
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influence their offspring’s virulence by manipulating offspring phenotype via maternal effects such
as yolk androgens or antioxidants (Royle et al. 2011
but see Hauber and Pilz 2003; Törok et al. 2004)? Or
if host death is inevitable, perhaps parasitic mothers
could strategically compensate by laying two parasitic eggs in the same nest (Kilner 2005) (as cuckoo
finches commonly do)? These intriguing possibilities all await experimental tests.
The studies reviewed in this chapter illustrate
that the life of a full-time cheat is not quite as
straightforward as we might think. Cheats have to
evolve successive lines of trickery to dupe their
hosts into providing them with parental care. They
also have to evolve adaptations that allow them
best to exploit another species’ life-history, such as
their begging behaviour, to maximize the gains they
obtain from the host’s care. Moreover, mounting
host defences is also not as easy as we might think.
A host needs hardwired mechanisms to ensure that
it cares for its own young, and these lay it open to
exploitation by parasites. While a loudly begging
chick could be a parasite, it could also be a hungry
and valuable large chick of its own. This chapter
has reviewed multiple examples that show that host
susceptibility to parasites is generally the rule, and
examples of host counterdefences at the chick stage
are still few. At the outset, we described a reed
warbler perched on the shoulder of a young common cuckoo nine times its size, stuffing food into
its bright orange gape. Are we any closer to understanding why it didn’t behave like an Australian
gerygone and toss out the cuckoo long before it
reached such giant and costly proportions? To some
extent, we are: we can speculate that the gerygone can probably afford to take chances with chick
recognition since it has a longer lifetime than the
reed warbler in which to perfect the ability. We
can also speculate that the interactions between the
gerygone and its cuckoo have probably been going
on for substantially longer than the reed warbler’s.
Satisfactory answers to these questions might
well depend as much on advances in old-fashioned
natural history as on advances in theory, and in
many respects the latter could be argued to have
outstripped the former. The natural history of
the vast majority of brood parasites is unknown.
Decades of research on classic north-temperate

model species such as common and great spotted
cuckoos and brown-headed cowbirds have been
tremendously revealing, but in recent years fascinating advances have been made thanks to new
study systems, often in concert with significant
technical advances such as visual modelling (allowing signals to be quantified through a bird’s eye)
and digital filming. For example, given the lack
of chick rejection by hosts of the common cuckoo,
no one would have anticipated that rejection of
parasitic chicks would prove to be widespread in
the Australasian Chalcites cuckoos (Langmore et al.
2003; Sato et al. 2010; Tokue and Ueda 2010), precipitating a major rethink of theory. Further advances
may turn out to be especially forthcoming from
tropical systems where they may have been more
time for complex species interactions to evolve.
Surely there are many gems awaiting discovery
among the invertebrates and the large array of
avian parasitic systems that remain barely studied, especially the Neotropical cuckoos and the
little-known Asian and African cuckoos and honeyguides, that may well transform the conclusions
of future reviews.
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