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Obligate avian brood parasites depend entirely on heterospecific hosts for rearing their
offspring. From hatching until independence, the young parasites must deal with the
challenge of obtaining sufficient parental care from foster parents that are attuned
to provisioning their own offspring. Parent-offspring communication is mediated by
complex begging displays in which nestlings and fledglings exhibit visual (e.g., gaping
and postures) and vocal (e.g., begging calls) traits that serve as signals to parents to
adjust and allocate parental effort. Parasites can manipulate host parental behavior by
exploiting these stable parent-offspring communication systems in their favor. During the
past 30 years, the study of host exploitation by parasitic chicks has yielded important
insights into the function and evolution of manipulative signals in brood parasites.
However, despite these major advances, there are still important gaps in our knowledge
about how parasitic nestling and fledglings tune into the host’s communication channels
and the adaptive value of the visual and acoustic signals they exhibit. Here we review
the literature pertaining to host manipulation by parasitic young, focusing on four
non-mutually exclusive mechanisms (i.e., host chick mimicry, begging exaggeration,
host-attuned begging calls, and sensory exploitation) and the function and evolution
of the signals involved, with the aim to summarize and discuss putative adaptations for
stimulating parental feeding and escaping host discrimination. Finally, we bring some
concluding remarks and suggest directions for future research on the ways in which
brood parasites adapt to the communication systems of other birds to exploit the
necessary parental care.

Keywords: brood parasitism, parent-offspring communication, begging, mimicry, host manipulation, sensory
exploitation

INTRODUCTION

To reproduce successfully, females of heterospecific brood parasites must locate nests of suitable
host species and return to them at the appropriate time to lay their eggs. Once the eggs hatch,
the parasitic offspring face the challenge of obtaining adequate levels of parental care from foster
parents that are attuned to provision their own progeny. In parasite species that evict or kill all
host eggs and nestlings soon after hatching (“nest mate evictors”), the chicks must deal with the
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problem of stimulating sufficient provisioning in the absence of
any host nest mates. In species that do not eliminate their nest
mates (“non-evictors”), chicks have the dual problem of eliciting
parental feedings and competing for food within mixed broods.
Given these selective pressures, it is not surprising that parasitic
young have evolved behavioral and morphological traits that
effectively serve to manipulate host parental behaviors in their
favor (Davies, 2000; Soler, 2017). The well-known image of a tiny
adult reed warbler (Acrocephalus scirpaceus) diligently feeding
an enormous and completely alien common cuckoo (Cuculus
canorus) chick depicts perfectly the kind of manipulative abilities
that have intrigued naturalists since ancient times (Davies, 2000).

Host manipulation by parasitic chicks involves the
exploitation of stable communication systems that play a
role in solving parent-offspring conflict (Godfray, 1995). In
birds, dependent young communicate their needs by means
of complex begging displays that combine visual (e.g., gaping
and stretching) and acoustic (i.e., begging calls) signals. In
conjunction, the multiple components of begging displays
convey honest information about offspring attributes, such as
their need and condition, that care-giving adults can use to adjust
their provisioning effort and to allocate food within the brood
(Burford et al., 1998; Kilner et al., 1999; Leonard and Horn, 2001;
Moreno-Rueda et al., 2009). Young of obligate brood parasites
can “tune” their begging signals into these communication
channels to secure the necessary parental care. Host exploitation
can be achieved by means of two main kinds of adaptations,
according to Davies (2011). Trickery adaptations are those that
have coevolved with the host’s counter-defenses against brood
parasitism and allow parasitic chicks to be accepted by hosts as if
they were their own (Davies, 2011). Tuning adaptations refer to
those that help ensure the success of parasitic offspring once they
have been accepted by hosts (Davies, 2011). This distinction may
become diffuse if mistuning in the parasites ultimately results in
discrimination by hosts (Davies, 2011), yet it provides a useful
conceptual framework to examine the tactics whereby parasite
young deceive their hosts and tap into their provisioning rules.

Several non-mutually exclusive mechanisms have been
suggested in evictor and non-evictor parasites to exploit
host parental behavior to their own benefit (Soler, 2017).
Here, we focus on those that serve parasites to evade host
discrimination (trickery), or to attune their begging signals to the
communication systems or sensory biases of their hosts (tuning).
Within this framework, trickery involves host chick mimicry,
either as a counter-defense against active host rejection of non-
mimetic young, or as an adaptation to avoid discrimination from
hosts that deliver food preferentially in response to conspecific
signals (Grim, 2005; Wang et al., 2020). In turn, we consider
begging exaggeration, host-attuned begging calls and sensory
exploitation as the main tuning mechanisms. The distinction
between them is not clear-cut, but we use this categorization
because it reflects three different, though non-mutually exclusive
tactics deployed by parasites to manipulate host behavior through
their begging displays. Begging exaggeration is widespread
among parasite species and likely serve to exploit host biases
for non-specific visual and acoustic features that signal offspring
need. For example, parasitic chicks can beg more rapidly or

intensively than host young to gain more resources from their
foster parents (Redondo, 1993; Kilner et al., 1999; Dearborn and
Lichtenstein, 2002). Host-attuned begging calls imply the ability
of parasite chicks to learn to modify certain acoustic features
in a host-specific manner to make their begging signals more
profitable in any given host environment (Madden and Davies,
2006; Langmore et al., 2008). Finally, in sensory exploitation
parasitic chicks exhibit morphological traits that are not actually
used in host parent-offspring communication, but effectively
stimulate the sensory system of the host (Tanaka and Ueda,
2005b). Begging exaggeration and sensory exploitation tactics are
similar in that both rely on exploiting host’s preexisting cognitive
biases and can serve young parasites to compensate for deficient
stimulation relative to a host’s own brood. However, following
the suggestion of Tanaka and Ueda (2005b), we consider them
as distinct mechanisms based on whether parasitic chicks exhibit
and amplify communication signals already present in host
chicks (begging exaggeration) or they display traits that are absent
in host young to provide additional begging stimuli (sensory
exploitation). The mechanisms outlined above are not mutually
exclusive since, for example, chicks of host-generalist parasites
can beg exaggeratedly overall while varying their call structure or
call rate according to the particular host environment (Madden
and Davies, 2006; Tuero et al., 2016). Likewise, trickery and
tuning adaptations for host manipulation may occur within a
single parasitic species (e.g., Jamie et al., 2020).

Our aim here was to provide an updated review of
how parasitic young exploit the honest parent-offspring
communication systems of their hosts, either to escape host
discrimination or to tap into host provisioning decisions in
response to begging signals. To achieve this, we searched the
primary literature (journal articles and book chapters found
in Scopus and Google Scholar databases) for information on
behavioral and morphological traits that could play a role as
manipulative signals in species currently recognized as obligate
brood parasites, considering the visual and acoustic sensory
modalities. Of the 101 parasite species (Feeney et al., 2014;
Gill et al., 2017), we found data on 13, including observational
and experimental studies on begging behavior, quantitative
assessments of visual and acoustic mimicry between parasites
and hosts, and comparative studies (Table 1). We first summarize
and assess the available information about mechanisms and
signals for host manipulation found in parasitic nestlings and
fledglings, according to our proposed categorization within
the trickery-tuning framework. The species for which more
than one mechanism was reported were included in each of
the corresponding sections. Finally, we bring some concluding
remarks and suggest directions for future research.

TRICKERY ADAPTATIONS IN PARASITIC
YOUNG: HOST CHICK MIMICRY

Mimicry of host young has been suggested in several parasite
species, but most available reports were based on anecdotal
observations or subjective assessments of similarity by
researchers (Grim, 2006; Jamie and Kilner, 2017). This is
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TABLE 1 | Overview of relevant studies on mechanisms and signals for host manipulation by young of evictor and non-evictor brood parasites.

Mechanism of
host manipulation

Sensory
modality

Trickery/tuning
adaptation

Manipulative
signal

Parasite species Host species Type of study/Main
methods

Effect on host behavior References

1. Trickery mechanisms

Host chick mimicry Acoustic Vocal mimicry Call structure Shining bronze cuckoo
(Chrysococcyx lucidus)

Gray warbler (Gerygone
igata)

Phylogenetic comparison Not tested Anderson et al., 2009

Screaming cowbird
(Molothrus rufoaxillaris)

Grayish baywing
(Agelaioides badius)

Experimental/Playback
supplementation

Increase provisioning
relative to non-mimetic calls

Ursino et al., 2018

Vidua finches (3 species) Grassfinches (Family
Estrildidae) – 3 hosts and
17 non-hosts

Descriptive/Bioacoustic
analysis

Not tested Jamie et al., 2020

Visual Visual mimicry White
down-feathers

Little bronze cuckoo
(Chrysococcyx minutillus)

Large-billed gerygone
(Gerygone magnirostris)

Experimental/Phenotype
manipulation

Reduce chick rejection Noh et al., 2018

Gape pattern Pin-tailed whydah (Vidua
macroura)

Common waxbill (Estrilda
astrild)

Experimental/Phenotype
manipulation of host chicks

Induce higher provisioning Schuetz, 2005

Skin color, rictal
flanges

Horsfield’s bronze cuckoo
(Chrysococcyx basalis),
Shining bronze cuckoo
(Chalcites lucidus), Little
bronze-cuckoo
(Chrysococcyx minutillus)

Fairy-wrens (Malurus sp., 2
species), yellow-rumped
thornbill (Acanthiza
chrysorroa), large-billed
gerygone

Descriptive/Visual modeling Not tested Langmore et al., 2011

Visual/acoustic Multimodal
mimicry

Skin color and
begging calls

Horsfield’s bronze cuckoo
(Chrysococcyx basalis)

Superb fairy-wrens
(Malurus cyaneus)

Experimental/Brood
manipulation

Reduce rejection of cuckoo
chicks

Langmore et al., 2003

Host-like juvenile
plumage and
begging calls

Screaming cowbird
(Molothrus rufoaxillaris)

Grayish baywing
Agelaioides badius

Experimental/Bioacoustic
analysis and brood
manipulation

Avoid rejection of parasitic
juveniles

De Mársico et al., 2012

Host-like
coloration, gape
pattern and
begging calls

Village indigobird (Vidua
chalybeata)

Red-billed firefinch
(Lagonosticta senegala)
Goldbreast (Amandava
subflava) Blue-capped
cordon-bleu (Uraegintus
cyanocephalus)

Experimental (in
aviary)/cross-fostering

Increased survival Payne et al., 2001

Pin-tailed whydah (Vidua
macroura)

Common waxbill (Estrilda
astrild) Blue waxbill
(Uraeginthus angolensis)

Experimental/cross-
fostering

Improved survival of
parasitic chick

Jamie et al., 2021

2. Tuning mechanisms

Begging
exaggeration

Visual/acoustic Intense begging
display

Long begging
bouts

Great-spotted cuckoo
(Clamator glandarius)

Magpie (Pica pica) Experimental/Brood
manipulation

No effect on nest
provisioning; preferential
allocation to cuckoo chick

Soler et al., 1995

Begging intensity Great-spotted cuckoo
(Clamator glandarius)

Carrion crow (Corvus
corone corone)

Descriptive/Video recording Increase nest provisioning,
but not food acquisition

Bolopo et al., 2015

Screaming cowbird
(Molothrus rufoaxillaris)

Grayish baywing
(Agelaioides badius)

Experimental/Short-term
need manipulation

Not tested Lichtenstein, 2001a

Brown-headed cowbird
(Molothrus ater)

Yellow warblers (Dendroica
petechia)

Experimental/Brood and
short-term need
manipulations

Increase nest provisioning Lichtenstein and
Dearborn, 2004

(Continued)
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TABLE 1 | (Continued)

Mechanism of
host manipulation

Sensory
modality

Trickery/tuning
adaptation

Manipulative
signal

Parasite species Host species Type of study/Main
methods

Effect on host behavior References

Field sparrow (Spizella
pusilla) Red-winged
blackbird (Agelaius
phoeniceus)
Brown-thrasher (Toxostoma
rufum)

Experimental/Brood and
short-term need
manipulations

No effect Rivers, 2007; Rivers
et al., 2010

Shiny cowbird (Molothrus
bonariensis)

Rufous-bellied thrushes
(Turdus rufiventris)

Experimental/Brood and
short-term need
manipulations

Increase nest provisioning Lichtenstein, 2001b

Southern house wren
(Troglodytes aedon)

Experimental/Brood
manipulations

No effect on food allocation Bortolato et al., 2019

Acoustic Call exaggeration Rapid call rates Common cuckoo (Cuculus
canorus)

Reed warbler
(Acrocephalus scirpaceus)

Experimental/Playback
supplementation

Stimulated provisioning Davies et al., 1998;
Kilner et al., 1999

Tremulous
begging calls

Shiny cowbird (Molothrus
bonariensis)

Southern house wren
(Troglodytes aedon)

Experimental/Playback
supplementation

Stimulated provisioning Gloag and Kacelnik,
2013

Host-attuned
begging calls

Acoustic Host-specific call
features

Call rate Common cuckoo (Cuculus
canorus)

Reed warbler
(Acrocephalus scirpaceus)
Great reed warbler
(Acrocephalus
arundinaceus), Dunnock
(Prunella modularis)
Meadow pipit (Anthus
pratensis)

Descriptive/Bioacoustic
analysis

Not tested Butchart et al., 2003

Call rate and
structure

Common cuckoo (Cuculus
canorus)

Reed warbler
(Acrocephalus scirpaceus)
Dunnock (Prunella
modularis) Robin (Erithacus
rubecula)

Experimental/Cross-
fostering,
playback

Increased provisioning Madden and Davies,
2006

Great reed warbler
(Acrocephalus
arundinaceus) Robin
(Erithacus rubecula)
Rufous-tailed scrub robin
(Cercotrichas galactotes)

Descriptive/Bioacoustic
analysis

Not tested Soler, 2017

Great reed warbler
(Acrocephalus
arundinaceus) Reed
warbler (Acrocephalus
scirpaceus)

Experimental/Cross-
fostering, bioacoustic
analysis

Not tested Samaš et al., 2020

Great-spotted cuckoo
(Clamator glandarius)

Magpie (Pica pica), Carrion
crow (Corvus corone)

Experimental/Cross-
fostering, bioacoustic
analysis

Not tested Roldán et al., 2013
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problematic in determining parasite trickery because humans
and birds differ in their perceptual systems, especially regarding
the visual modality (Hart et al., 2000a,b). In the past decades, it
has been increasingly common to apply avian visual modeling
techniques to quantify colors in birds (Vorobyev and Osorio,
1998). These techniques have been used to objectively assess the
similarity between host and parasitic chicks as seen through a
bird’s eye, thus providing important insights into the function
and evolution of visual trickery adaptations driven by host
discrimination (Langmore et al., 2008, 2011; Anderson et al.,
2009; Tanaka et al., 2011; De Mársico et al., 2012; Attisano et al.,
2018; Jamie et al., 2020). In addition to objective measurements of
similarity, experimental tests of the function of host resemblance
in parasites, for example using controlled cross-fostering or
playback trials, are critical to properly assess the existence of
mimicry. In this section we focus on the relatively few well-
documented examples of visual and vocal mimicry in parasites
that can be regarded as coevolved adaptations to evade host
discrimination against young unlike their own (Grim, 2006),
including results from our own studies on fledgling mimicry in
the host-specialist screaming cowbird (Molothrus rufoaxillaris).
We summarize and discuss examples of trickery on a species-
by-species basis, instead of focusing on traits, to bring a more
integrative perspective about how host behavior has driven host
chick mimicry in each case and drive the attention to the fact
that mimicry can occur in multiple sensory modalities within
any single species.

Bronze Cuckoos
Active host rejection of parasitic chicks occurs in hosts of
Australasian bronze cuckoos (Chrysococcyx spp.). Superb fairy-
wrens are primary hosts of the Horsfield’s bronze cuckoo and
known to reject cuckoo chicks by deserting them (Langmore
et al., 2003). The main cue triggering this behavior is the presence
of a single chick in the brood (Langmore et al., 2003), but fairy-
wrens are less likely to abandon nests with Horsfield’s bronze
cuckoo chicks than with shining bronze cuckoo (C. lucidus)
chicks (Langmore et al., 2003). This suggests that Horsfield’s
bronze cuckoos have evolved counter adaptations to evade host
rejection. Consistent with this, chicks of this parasite species
closely resemble the fairy-wren chicks in skin and rictal flange
colors (Langmore et al., 2011), and they innately develop begging
calls that match the acoustic structure of those of fairy-wren
chicks as well (Langmore et al., 2008). Although it seems
clear that host chick mimicry is adaptive for Horsfield’s bronze
cuckoos, more experiments are needed to further determine
the role played by visual and vocal signals of parasitic chicks
in deceiving super fairy-wrens. Evidence from another study
indicated that fairy-wren hosts would be able to discriminate
between their own and alien cuckoo chicks based on parent-
specific call signatures that are transmitted to its offspring during
the embryonic stage (Colombelli-Négrel et al., 2012).

The little bronze cuckoo (C. minutillus) is another species
faced with host defenses against alien chicks. Two primary hosts
in Australia, the large-billed gerygone (Gerygone magnirostris)
and the mangrove gerygone (G. laevigaster), are able to reject
cuckoo chicks by dragging them out of the nest, sometimes within
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FIGURE 1 | Three examples of host chick mimicry in parasitic birds. (A,B) Little bronze cuckoo (Chalcites minutillus) chicks (top) are visual mimics of large-billed
gerygones (Gerygone magnirostris) chicks (bottom). (C) Parasitic pin-tailed whydah (Vidua macroura) chicks (left) bear a close resemblance in mouth ornamentation
to its common waxbill (Estrilda astrild) host. (D) Screaming cowbird (Molothrus rufoaxillaris) juveniles (right) mimic the plumage coloration of its primary host, the
grayish baywing (Agelaioides badius). Photo credits: (A,B) Naomi Langmore, (C) Justin Schuetz, (D) Alec Earnshaw.

a few hours after hatching (Sato et al., 2010; Tokue and Ueda,
2010). Little bronze cuckoo chicks are striking visual mimics
of gerygone chicks, closely matching their dark skin, multi-
barbed white down-feathers and rictal flange color (Langmore
et al., 2011; Figures 1A,B). Noh et al. (2018) showed that the
number of down-feathers is a key trait used by gerygone hosts to
discriminate between their own and alien chicks. Experimental
trimming of down-feathers in cuckoo and gerygone chicks
increased the likelihood of rejection relative to untrimmed
chicks (Noh et al., 2018). This strongly suggests that host chick
mimicry in little bronze cuckoos has evolved as a reciprocal
adaptation against host recognition (Noh et al., 2018). However,
the study also revealed that parasitic chicks do not fully match
the recognition signals used by gerygones, since trimmed cuckoos
were rejected at higher rates than trimmed host chicks (Noh et al.,
2018). A recent study suggests that gerygone hosts could use the
duration of the begging calls as a cue to spot and reject parasitic
chicks and that cuckoo chicks more closely match the begging
calls of host chicks at the age at which rejection typically occurs

(Noh et al., 2021). More experiments that test if hosts cue also
on acoustic or olfactory signals for making rejection decisions,
and further examination of the similarity between little bronze
cuckoos and host chicks in multiple sensory modalities, would
provide new insights on this issue.

The shining bronze-cuckoo and its primary host in New
Caledonia, the fan-tailed gerygone (Gerygone flavolateralis),
provide an interesting example of parasite chicks that have
seemingly evolved visual mimicry driven by an ongoing co-
evolutionary arms race with their hosts (Sato et al., 2015).
Fan-tailed gerygones have chicks of two distinct morphs,
namely bright and dark, which can occur in monomorphic or
polymorphic broods (Sato et al., 2015; Attisano et al., 2018).
Shining bronze cuckoo chicks from New Caledonia are, at
present, of a single bright morph (Sato et al., 2015; Attisano et al.,
2018), though distinct yellow and dark morphs are known to
occur in the Australian subspecies (Langmore et al., 2011). The
cuckoo bright morph match closely the bright gerygone morph
from an avian perspective, but it is also more similar to the
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dark host morph than the bright and dark host morphs are to
each other (Sato et al., 2015; Attisano et al., 2018). Despite this
similarity, from a sample of 15 parasitized gerygone nests in
which the cuckoo egg hatched, hosts always rejected the cuckoo
chick, usually within 24 h after hatching (Attisano et al., 2018).
These observations suggest a true-recognition mechanism based
on multiple sensorial cues underlying chick rejection behavior
in gerygones, although the precise recognition signals have not
been identified (Attisano et al., 2018). On the other hand, there
are a few observations of shining bronze cuckoo fledglings being
fed by fan-tailed gerygones at other sites in New Caledonia,
suggesting that parasitic chicks can sometimes evade the refined
discrimination abilities of its primary host (Attisano et al., 2018).
Clearly, more research is needed to understand how gerygones
can spot the cuckoo chick in their nests so precisely, and how
cuckoo chicks occasionally manage to surpass this host defense.
Shining bronze cuckoos from New Zealand were reported to
bear begging call similarity with their gray warbler (G. igata)
host (McLean and Waas, 1987), and a posterior comparative
study involving gray warblers and 17 other native forest species
of New Zealand further supports a close matching of host
begging calls in shining bronze cuckoos (Anderson et al., 2009).
Nevertheless, the adaptive value of this call similarity has not
been determined, nor is it known whether a similar begging call
matching occurs in other shining bronze cuckoo populations.

Brood-Parasitic Finches
The Vidua whydahs and indigobirds comprise 19 non-evictor
species specialized in parasitizing grassfinches (family Estrildidae;
Davies, 2000). Young estrildid finches are unique in that they
have species-specific mouth ornamentations that are exhibited
in begging displays (Payne, 2005). Most Vidua species lay eggs
in nests of a single host and parasitic chicks often match the
mouth markings and begging calls of their respective hosts
(Nicolai, 1974; Payne and Payne, 2002; Payne, 2005; Figure 1C).
However, it was not until recently that the similarity in begging
signals between Vidua chicks and their hosts was assessed with
quantitative and objective methods. Jamie et al. (2020) tested
whether parasitic chicks of three Vidua species matched more
closely the mouth patterning, gape color, begging calls, and
postural displays of their respective hosts than they do those of
other co-occurring grassfinch species. The results showed a closer
phenotypic similarity between parasitic chicks and their hosts,
supporting the idea that Vidua finches have evolved host-specific
mimicry (Jamie et al., 2020). Interestingly, the study also revealed
that host resemblance was not 100% accurate, since some Vidua
chicks presented exaggerated traits relative to their hosts, such
as enlarged palatal spots, longer begging calls and increased
wing-waving behavior (Jamie et al., 2020). The idea that this
“imperfect mimicry” could be adaptive by, for example, providing
a supernormal stimulus that enhances parental provisioning
warrants further investigation (Jamie et al., 2020).

Regarding the adaptive value of chick mimicry in Vidua
finches, there is some evidence from cross-fostering experiments
that lacking the species-specific signals can result in reduced
survival of alien chicks in estrildid nests (Payne et al., 2001;
Jamie et al., 2021). Recently, a field experiment demonstrated

that reduced survival of cross-fostered pin-tailed whydahs
(V. macroura) was the result of foster parents delivering less
food to non-mimetic parasitic chicks compared to their own
(Jamie et al., 2021). To date, there is no evidence that estrildid
hosts actively reject chicks unlike their own; indeed, non-
mimetic Vidua chicks do sometimes fledge successfully from
nests of grassfinches other than their host, which helps to
explain the occasional colonization of new host species in
this parasite lineage (Sorenson et al., 2003, 2004). The study
by Jamie et al. (2021) also showed that parasitic chicks did
not modify the acoustic structure of their begging calls when
transferred to nests of a non-host species. Innate call mimicry
is expected in specialist brood-parasites if failure in exhibiting
the appropriate begging signals results in fitness costs for
parasitic chicks (Jamie and Kilner, 2017). Nonetheless, more
experimental work is needed to disentangle how estrildid hosts
integrate visual and vocal cues in chick discrimination. In a
field experiment, Schuetz (2005) manipulated the gape flanges
of common waxbill (Estrilda astrild) chicks (i.e., the natural
host of pin-tailed whydahs), to test host response toward chicks
with dissimilar gape morphology. Host chicks that had their
flanges painted black suffered only a slight reduction in mass and
skeletal growth compared to unmanipulated or sham-painted
chicks (Schuetz, 2005). Altogether, these findings suggest that
host manipulation by Vidua chicks involve multiple sensory
modalities and, possibly, some signal exaggeration in addition to
host-specific mimicry (Jamie et al., 2020). Such remarkable fine-
tuning with respect to host begging signals has more likely been
driven by a preexisting parental feeding preference in estrildid
hosts for chicks bearing the elaborate traits specific to each
species, rather than by the existence of active host defenses against
brood parasitism (Hauber and Kilner, 2007; Jamie et al., 2021).

Screaming Cowbird
In theory, the co-evolutionary arms race between brood parasites
and their hosts can encompass all stages of the nesting cycle
(Soler, 2017). However, co-evolved adaptations during the
fledgling stage are much less known (De Mársico et al., 2017).
In this regard, the studies on host-parasite interactions between
the screaming cowbird and its primary host provide the most
compelling evidence to date for the evolution of host fledging
mimicry in parasitic juveniles. Screaming cowbirds are host-
specialists that mainly parasitize grayish baywings (Agelaioides
badius) in southern South America. The parasitic young bear
a striking resemblance to baywing offspring that cannot be
attributed to common ancestry (Lanyon, 1992) and lasts until
the former attain nutritional independence (Hudson, 1874; Fraga,
1998; Ursino et al., 2012; Figure 1D). Quantitative analyses
have indicated that screaming cowbird fledglings would be
indistinguishable from host fledglings from an avian perspective,
and that they also closely match baywing begging calls (De
Mársico et al., 2012). The function of this close similarity was
tested by cross-fostering non-mimetic shiny cowbird (Molothrus
bonariensis) chicks to baywing nests and comparing their fate
to that of host and screaming cowbird young (Fraga, 1998;
De Mársico et al., 2012). Baywings accepted any chick in their
nests but stopped providing parental care to shiny cowbirds as
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FIGURE 2 | (A) Shiny cowbird (Molothrus bonariensis) chicks (center) exhibit exaggerated begging displays in nests of a common host, the chalk-browed
mockingbird (Mimus saturninus), where they compete strongly with host nest mates for parental feedings. (B) Whistling hawk-cuckoo (Hierococcyx nisicolor) chicks
display a yellow wing-patch during begging that would serve to simulate an extra gape in host nests. (C) White palatal papillae of great-spotted cuckoo (Clamator
glandarius) chicks (center) play a role in stimulating parental feedings from its magpie (Pica pica) host. Photo credits: (A) Vanina Fiorini, (B) Keita Tanaka, (C) Manuel
Soler.

soon as they fledged, while they continued caring for screaming
cowbird and their own fledglings for several weeks (Fraga, 1998;
De Mársico et al., 2012). These results support the idea that
the baywing-like appearance of screaming cowbird fledglings is
a reciprocal adaptation in response to host rejection behavior
(Fraga, 1998; De Mársico et al., 2012). A more recent study
suggests that host discrimination against non-mimetic fledglings
is context-dependent rather than based on an internal template
of their own offspring’s appearance, since baywings accept shiny
cowbird fledglings when they were reared in the absence of host
nest mates (Rojas Ripari et al., 2019a).

Disentangling the role of visual and acoustic signals for
fledgling recognition by baywings has proven to be difficult so
far, but some advances have been made in understanding the
function of begging call similarity in host manipulation. Playback
experiments conducted at baywing nests during the nestling stage
demonstrated that begging calls of screaming cowbird and host
chicks were equally effective in eliciting parental provisioning,
and more effective than non-mimetic shiny cowbird calls (Ursino
et al., 2018). Indeed, shiny cowbird calls did not elicit any
increase in provisioning rates from baywings compared to a silent
control, despite being more exaggerated than those of baywing
and screaming cowbird chicks (Gloag and Kacelnik, 2013;
Ursino et al., 2018). Begging call similarity to host fledglings
could play a key role in attracting the attention of baywing
parents during the post-fledgling stage. This could be tested
by using playback experiments to compare the response of
adult baywings toward begging calls of conspecific, screaming
cowbird (mimetic) and shiny cowbird (non-mimetic) fledglings.
If baywings cue on acoustic signals to discriminate against alien
fledglings, then they should be less responsive to non-mimetic
begging calls than to own-species calls. And, if vocal similarity
between screaming cowbird and baywing fledglings serve to avoid
host discrimination, then baywings should respond similarly to
conspecific and screaming cowbird begging calls. Cross-fostering
experiments showed that baywing-like begging calls develop
innately in screaming cowbirds. Despite slight variation in call
structure with the host environment, screaming cowbird chicks

reared in nests of another species retain the acoustic features
that serve as recognition signals for baywings (Rojas Ripari
et al., 2019b). These observations agree with the prediction of
genetically fixed call similarity in host-specialist parasites for
which modulating their calls in response to environmental cues
could be maladaptive (Jamie and Kilner, 2017).

Screaming cowbirds and baywings have provided an excellent
model to study visual and vocal mimicry at the last stage of
the nesting cycle, but many questions are still unanswered. For
example, it is yet to be determined how baywings integrate
visual and vocal signals in fledgling recognition and what
acoustic features of screaming cowbird begging calls are key to
trick hosts during the post-fledgling stage. Also, the cognitive
decision rules involved in fledgling discrimination by hosts
are not well understood. Future studies that investigate the
species-specific signals and cognitive mechanisms involved in
fledgling recognition by baywings would help better illuminate
the function and evolution of visual and acoustic manipulative
signals in this parasitic cowbird.

TUNING MECHANISMS TO EXPLOIT
HOST PARENTAL BEHAVIOR THROUGH
BEGGING DISPLAYS

Begging Exaggeration
According to signaling models, begging behavior is modulated
by the balance between the benefits of gaining extra resources
through more vigorous displays and the potential costs that
maintain signal honesty (Godfray, 1995; Kilner and Johnstone,
1997). The latter comprise physiological costs (Kilner, 2001;
Soler et al., 2014), increased risk of nest predation (Haskell,
2002), or indirect costs due to competition with closely related
nest mates (Trivers, 1974; Briskie et al., 1994; Caro et al.,
2016, but see Bebbington and Kingma, 2017). Since obligate
brood parasites are unrelated to their hosts, they are generally
unconstrained by the inclusive fitness costs of begging (but see
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Rivers and Peer, 2016). Therefore, all things being equal, parasitic
chicks are expected to beg more selfishly than those of non-
parasitic species. Consistently with this, exaggerated begging
displays are ubiquitous among evictor and non-evictor parasites
(Redondo, 1993). Depending on the taxa, the exaggeration
can manifest in traits such as rapid call rates (Davies et al.,
1998; Kilner et al., 1999), long begging bouts (Redondo, 1993),
tremulous or repetitive begging call structure (Gloag and
Kacelnik, 2013), more vigorous displays (Redondo, 1993; Soler
et al., 1995; Dearborn and Lichtenstein, 2002; Grim, 2008a) or
brightly colored gapes (Álvarez, 2004; Tanaka et al., 2011).

The general view of parasites exhibiting increased levels of
begging relative to host chicks is supported by quantitative
studies conducted in cowbirds (Molothrus spp.; Lichtenstein
and Sealy, 1998; Lichtenstein, 2001b; Bortolato et al., 2019;
Figure 2A), great spotted cuckoo (Clamator glandarius;
Redondo, 1993; Soler et al., 2012; Bolopo et al., 2015) and
common cuckoo (Kilner and Davies, 1999; Kilner et al., 1999).
Despite its exaggeration, however, empirical evidence suggests
that begging in brood parasitic chicks is still informative
regarding their level of need. Begging honesty in parasites has
been tested experimentally by manipulating short-term need
of parasitic chicks using food deprivation and hand-feeding
treatments. In general, these experiments show that begging
intensity increases with deprivation time and decreases after
satiation, as predicted by honest signaling theory (Kilner and
Davies, 1999; Lichtenstein, 2001b; Hauber and Ramsey, 2003;
Lichtenstein and Dearborn, 2004; Soler et al., 2012; but see
Rivers, 2007). In addition, begging levels can increase with age,
as older chicks demand more food (Kilner and Davies, 1999;
Butchart et al., 2003; Tuero et al., 2016). The observed effects
of short-term need on begging behavior suggest that direct
costs of begging could set a limit to begging exaggeration in
brood parasites. However, data supporting this hypothesis are
scarce. There is some experimental evidence that begging calls of
parasitic chicks can increase nest predation risk (Dearborn, 1999;
Ibáñez-Álamo et al., 2012), but the detection of physiological
costs remains elusive (e.g., Martín-Gálvez et al., 2012).

Exaggerated begging signals of parasitic chicks likely serve to
gain resources from their hosts. However, few studies have clearly
demonstrated a function of begging exaggeration in manipulating
host parental behavior (Soler, 2017). The strongest evidence
comes from the very rapid call rates of common cuckoo chicks
that stimulate adult reed warblers to provision them at the
same rate as an entire host brood (Davies et al., 1998; Kilner
et al., 1999). This is because this host integrates visual (i.e.,
displayed gape area) and vocal (i.e., call rate) signals in a similar
manner when provisioning unparasitized and parasitized nests,
and cuckoo chicks exploit this rule in their favor by calling at a
rate that compensates for the deficient visual stimuli provided
by its single gape (Kilner et al., 1999). More recently, a study in
the non-evictor shiny cowbird suggests that this species’ long and
tremulous begging calls could act like a rapid call rate, stimulating
higher provisioning rates from both common hosts and non-
host species with shorter, monosyllabic begging calls (Gloag and
Kacelnik, 2013). However, more studies are needed to better
understand how cowbird hosts integrate visual and vocal begging

signals, and the function of tremulous calls in host manipulation
(Gloag and Kacelnik, 2013). In the closely related brown-headed
cowbird (M. ater), parasitic chicks reared alone in nests of Bell’s
vireo (Vireo bellii) were fed less than a host’s modal brood,
suggesting that their faster and more repetitive calls did not fully
compensate for deficient visual stimulation (Rivers et al., 2014).

Other studies that compared host provisioning rates between
parasitized and unparasitized nests (e.g., Soler et al., 1995;
Dearborn et al., 1998; Glassey and Forbes, 2003; Rivers et al.,
2010; Ursino et al., 2011; Precioso et al., 2020), or food acquisition
by parasitic and host chicks in mixed broods (e.g., Lichtenstein,
2001a; Lichtenstein and Dearborn, 2004; Rivers et al., 2010;
Gloag et al., 2012; Bolopo et al., 2015; Bortolato et al., 2019)
show conflicting results about the effect of exaggerated begging
displays on host parental behavior. Accumulated data from non-
evictor parasites indicate that begging exaggeration in these
species would not be a key factor per se for securing sufficient
provisioning (see Soler, 2017 for a recent review); rather, the
success of parasitic chicks in mixed broods appears to be more
dependent on their size relative to that of host nest mates and
the ability to modulate begging effort according to the host
environment (Lichtenstein and Sealy, 1998; Soler, 2002; Rivers,
2007; Rivers et al., 2010; Tuero et al., 2016; Bortolato et al., 2019).
Disentangling how the multiple attributes of parasitic chicks
(e.g., larger size relative to hosts, earlier hatching, and begging
behavior) determine their competitive ability in mixed broods
(Hauber, 2003) is important to better understand the function
of begging exaggeration. Furthermore, it remains an open
question whether begging exaggeration in parasitic chicks itself
has evolved as an adaptation to parasitism. Two experimental
studies have failed to find differences in the begging intensity and
the effectiveness to stimulate parental feedings between brown-
headed cowbird chicks and those of a related non-parasitic
blackbird (Rivers et al., 2013; Li and Hauber, 2021). The lack
of comparative studies represents a major gap in the study of
begging evolution in brood parasites. Phylogenetic analyses or, at
least, further comparisons between parasites and closely related
non-parasitic species would be of great help to understand if
exaggerated signals evolved specifically for the parasitic lifestyle.

The challenge of stimulating parental care may continue for
several days or weeks after parasites fledge from host nests, until
they attain nutritional independence. However, begging behavior
in parasitic fledglings is poorly known (Hauber and Ramsey,
2003; Grim, 2008a; Tyller et al., 2018). It is possible that begging
exaggeration is more relevant for attracting parental care and
competing for parental feedings during the post-fledgling stage,
but this idea needs to be examined.

Host-Attuned Begging Calls
Parasites that are host-generalists may benefit from varying
their begging calls depending on the rearing host species if
such fine-tuning allows them to better exploit the provisioning
effort of any given host (McLean and Waas, 1987; Butchart
et al., 2003; Jamie and Kilner, 2017). Plasticity in begging
call development provides a way for parasitic chicks to
rapidly attune call rate and/or call structure to different
parent-offspring communication systems (Butchart et al., 2003;
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Jamie and Kilner, 2017). Evidence supporting this mechanism
comes from cross-fostering experiments in the Horsfield’s bronze
cuckoo, a parasite species that exhibit host-specific begging calls
(Langmore et al., 2008). Parasitic females are host-generalist
at individual level (Joseph et al., 2002). As mentioned in the
previous section, they primarily parasitize fairy-wrens (Malurus
sp.), but can use a variety of secondary hosts, including thornbills
(Acanthiza spp.; Brooker and Brooker, 1989; Joseph et al., 2002).
Langmore et al. (2008) cross-fostered cuckoo eggs from nests
of superb fairy-wrens (M. cyaneus) to nests of buff-rumped
thornbills (A. reguloides) to study begging call development
in parasitic chicks. Their results revealed that cross-fostered
chicks initially mimic the acoustic structure of fairy-wren calls,
indicating that this vocal trickery is innate; however, within a
few days after hatching, the chicks modified their call structure
to match that of thornbill’s begging calls (Langmore et al.,
2008). A plausible explanation is that changes in call structure
were shaped by adult thornbills if, through the adjustment of
food delivery rates, they reinforced the begging calls that more
accurately matched their own species’ calls (Langmore et al.,
2008). Experimental tests to see how thornbills respond toward
mimetic and non-mimetic begging calls has not been conducted
yet, and more studies are needed to better understand how
Horsfield’s bronze cuckoo chicks learn to refine call structure in
nests of thornbills and other secondary hosts. Nonetheless, these
results suggest that both trickery and tuning adaptations can
occur through chick development in host-generalist parasites.

The idea that parasitic chicks could learn to modify
their begging calls to make them more profitable was first
experimentally tested by Madden and Davies (2006) in common
cuckoos. This species has distinct host-races each specializing
in a single host (Gibbs et al., 2000). Cuckoo chicks do
not mimic the begging calls of their respective hosts, but
some differences in begging call features between host-races
suggest that they could tune their calls in a host-specific
manner to better stimulate provisioning (Butchart et al., 2003).
Madden and Davies (2006) transferred cuckoo eggs or newly
hatched chicks from reed warbler nests to nests of dunnocks
(Prunella modularis) and robins (Erithacus rubecula). Cuckoo
chicks cross-fostered to dunnock nests developed begging
calls that were acoustically different from those of cuckoos
reared by reed warblers, but similar to the begging calls of
cuckoo chicks naturally reared in dunnock nests (Madden
and Davies, 2006). The authors conducted an additional
experiment in which they broadcast begging calls of 6–9 days
old “dunnock-cuckoos” and “reed warbler-cuckoos” at nests
of reed warblers, dunnocks and robins containing either a
single blackbird (Turdus merula) or song thrush (T. philomelos)
chick, similar in size to the cuckoo chick (Madden and Davies,
2006). Hosts responded differentially to each playback type,
with dunnocks provisioning at higher rates in response to
“dunnock-cuckoo” calls and the other host species showing
the opposite trend (Madden and Davies, 2006). These results
are consistent with a scenario in which begging call structure
is not genetically fixed and parasitic chicks can modify their
begging calls through their provisioning experience with a
particular host (Madden and Davies, 2006). Jamie and Kilner

(2017) termed this mode of begging call development as
genetically polymorphic reaction norms in their proposed
theoretical framework. According to it, parasitic chicks of
distinct host-races attune their begging calls to the rearing host,
while retaining certain call signatures of their own host-race
(Madden and Davies, 2006).

The above-mentioned studies have provided important
insights regarding the role of learning in begging call
development and the ways in which parasitic cuckoos can
tune their begging calls into different communication systems.
However, two studies cast some doubts about the extent of
polymorphism in begging call structure across common cuckoo
host-races, and the ubiquity of host-attuned begging calls as
a mechanism for host manipulation in common cuckoos. On
the one hand, Samaš et al. (2020) failed to find differences in
begging call rate and structure, after accounting for chick age
and sex, between cuckoo chicks from nests of reed warblers
and great reed warblers (A. arundinaceus), in contrast with
a previous study that included these host-races (Butchart
et al., 2003). The authors argued, based on these results, that
begging development in common cuckoo chicks would better
fit a genetically fixed bet-hedging strategy, rather than the
proposed genetically polymorphic reaction norm (Jamie and
Kilner, 2017). On the other hand, Soler (2017) reported original
data on begging calls of cuckoo chicks recorded at nests of
rufous-tailed scrub robin (Cercotrichas galactotes), robins
and great reed warblers. Contrary to the expectation of host-
attuned begging calls, begging call rates did not differ among
host-races, despite substantial differences in this parameter
between the respective hosts’ broods (Soler, 2017). Moreover,
call rate of cuckoo chicks was more variable within than
among host-races, which can be attributed to cuckoo chicks
in the sample exhibiting three different call types, none of
them exclusive to any particular host (Soler, 2017). Although
sample sizes for these analyses were rather small, the results
are consistent with the idea that common cuckoos could be
more reliant on a bet-hedging strategy (based, for example,
on call rate exaggeration) to elicit sufficient provisioning
(Soler, 2017).

The role of experience in begging call development has also
been examined in the great-spotted cuckoo. Roldán et al. (2013)
quantified the begging calls of great-spotted cuckoo chicks from
a reciprocal cross-fostering experiment between nests of its
primary host, the magpie (Pica pica), and nests of carrion crows
(Corvus corone corone). Contrary to earlier suggestions (Redondo
et al., 1988), begging calls of parasitic chicks did not resemble
those of host young, neither in magpie nor carrion crow nests
(Roldán et al., 2013). Calls were acoustically similar between
host species, but the number of notes per call was higher for
chicks reared in magpie nests, consistent with the hypothesis that
great-spotted cuckoo chicks modified their calls after hatching
according to the rearing environment (Roldán et al., 2013).
However, there are two important caveats to this conclusion.
First, as the authors themselves point out, host-specific variation
in call structure was largely restricted to the number of notes per
call, which suggests that chicks could have been adjusting their
begging effort rather than the acoustic properties of the begging
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calls (Roldán et al., 2013). Second, whether the observed variation
in begging calls is adaptive and socially shaped by the foster
parents cannot be established without playback experiments that
test host response toward begging calls of cuckoo chicks from
magpie and carrion crow nests.

Sensory Exploitation
Tuning through sensory exploitation, as considered here,
involves the use of signals that are not part of the host’s parent-
offspring communication system but serve parasites to effectively
exploit pre-existing host’s sensory biases (Tanaka and Ueda,
2005b). An interesting example is found in Horsfield’s hawk-
cuckoo (Hierococcyx hyperythrus). The chicks of this species
pose a conspicuous yellow skin patch on the underside of
each wing that is displayed during begging (Tanaka and Ueda,
2005a). By dying the wing-patch black, Tanaka and Ueda (2005a)
demonstrated that it plays a role in stimulating provisioning
from its host, the red-flanked bush robin (Tarsiger cyanurus).
The authors proposed that wing-patches would serve to simulate
additional gapes, based on the observation that hosts occasionally
attempted to place food onto them when parasitic chicks flapped
their wings (Tanaka and Ueda, 2005a). A similar wing-patch
begging strategy has been recently reported in a closely related
species, the whistling hawk-cuckoo (H. nisicolor), and it is
possible that it occurs in two other species of the same clade
(Luo et al., 2019; Figure 2B). The authors hypothesized that
the evolution of exuberant begging calls in hawk-cuckoos like
those of common cuckoo chicks might be constrained by high
predation pressure on host nests (Tanaka and Ueda, 2005a;
Luo et al., 2019). Under this scenario, wing-patch begging
may pose an alternative evolutionary solution to the problem
of having to compensate for a deficient gape area without
incurring extra predation costs (Tanaka and Ueda, 2005a; Tanaka
et al., 2011; Luo et al., 2019). Additional comparisons of visual
signals using avian vision models suggest that the gape and
colored wing-patches of cuckoos are more conspicuous than
the gape of host chick from the host’s perspective (Tanaka
et al., 2011), further supporting the idea that Horsfield’s hawk
cuckoos would have evolved traits that act as supernormal stimuli
(Dawkins, 1976; Noble et al., 1999). However, the hypothesis
that gape-like wing-patches would play a role analogous to
common cuckoo’s rapid call rates needs experimental testing.
Wing-shaking, as performed by hawk-cuckoo chicks, is a
widespread component of begging displays among parasitic
and non-parasitic birds (Grim, 2008b). It would be useful
in the future to examine if wing-shaking begging is already
present in hosts of hawk-cuckoos and how it influences host
provisioning behavior (Grim, 2008b). This would help better
understand if wing-shaking could have served as a pre-adaptation
for the evolution of colored wing-patches in these parasites
(Grim, 2008b).

The bright red gape of common cuckoo chicks was formerly
considered an irresistible stimulus acting upon the host’s nervous
system (Dawkins, 1976). This idea received little support because,
although there is some evidence that cuckoo chicks have
redder gapes than host chicks (Kilner, 1999), experimental tests
involving artificial dying of chick gapes in three host species

failed to find the expected host preference for redder gapes
(Noble et al., 1999). Nevertheless, since these studies were
based on human color perception, it would be useful to re-
evaluate the function of gape color in parasite chicks from an
avian perspective. It is possible that colorful gapes in cuckoo
chicks play at least some role in stimulating provisioning under
certain situations, such as in host species that rely more on
visual than auditory begging cues (Kilner and Davies, 1999;
Álvarez, 2004) or in dark nests, where redder gapes may serve
to increase chick detectability (Kilner, 1999). Alternatively, the
red gape color in parasitic cuckoos could be maintained by
phylogenetic constraints given that this trait is also found
in some non-parasitic species within the Cuculidae family
and there is no evidence that gape color in cuckoos had
changed as a result of evolutionary interactions with their hosts
(Kilner, 1999).

Sensory exploitation may play a role in host manipulation by
great spotted cuckoos (Tanaka and Ueda, 2005b). The chicks of
this species exhibit white palatal papillae, a trait that is absent in
magpie chicks and influences food allocation within parasitized
broods (Soler et al., 1995; Figure 2C). Using a repeated-measures
design, Soler et al. (1995) showed that parasitic chicks were fed
at lower rates when they had their papillae masked with red
paint (i.e., the gape color of magpie chicks) than when they were
left unpainted. Nest provisioning also decreased after masking
the chick’s papillae, and painted chicks lost their competitive
advantage relative to magpie chicks (Soler et al., 1995). These
results suggest that palatal papillae in great spotted cuckoos
would serve as a tuning adaptation that exploits preexisting host’s
sensory biases (Soler et al., 1995). Future studies that disentangle
the effects of this trait and other visual and acoustic begging
features in stimulating parental provisioning are necessary to
corroborate this idea.

CONCLUDING REMARKS AND FUTURE
DIRECTIONS OF RESEARCH

Brood-parasitic young possess many morphological and
behavioral traits that allow them to exploit the parental
behavior of their hosts to their own benefit. However, the study
of trickery and tuning adaptations during the nestling and
fledgling stages have historically received less attention than
those deployed during the egg stage. The discovery of chick
rejection behaviors in hosts of bronze cuckoos nearly 20 years
ago has led to renewed interest about co-evolved adaptations
between parasitic chicks and their hosts. In recent years, new
evidence has accumulated on host chick mimicry in evictor
and non-evictor parasites driven by host discrimination against
alien young. These studies highlight two aspects of this trickery
adaptation that are important to consider in future research.
First, host chick mimicry can occur in more than one sensory
modality within a single parasite lineage. This observation
begs for more research into how hosts integrate visual and
acoustic signals in chick recognition to better understand the
adaptive value of multimodal resemblance to host young in
parasitic chicks. Second, even clearly mimetic parasites may
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show discrepancies with respect to the phenotype of host
chicks. Such imperfect mimicry may be owing to additional
adaptations in parasitic chicks for better tuning into the sensory
preferences of host species (e.g., exaggerated begging traits),
which could serve to compete for food with host nestmates or
extract additional resources from their hosts. Alternatively, the
discrepancies could be neutral or reflect evolutionary constraints
on parasites to match more precisely the begging signals of
host chicks. To tackle these questions, it is crucial to combine
quantitative analyses of similarity that take into account the
host’s perspective (e.g., avian vision models) with experimental
manipulations (e.g., cross-fostering, playback experiments, and
phenotype manipulation). Indeed, the application of objective
methods for assessing the extent of visual or vocal resemblance
to host chicks across more parasite species could certainly
help unravel new cases of coevolved host chick mimicry.
Phylogenetic studies are also necessary to disentangle the
evolutionary pathways that gave rise to host chick mimicry
across parasite lineages.

The study of begging behavior in the context of brood
parasitism has received considerable attention over the past
30 years, from both empirical and theoretical perspectives.
A pattern that has emerged from this body of knowledge is that
begging in brood parasites is often exaggerated but informative
about chick need, although the costs of maintaining signal
honesty are not well understood. Exaggerated begging displays
are widespread across parasite species and likely adaptive as
a mechanism to exploit host’s response toward non-specific
begging traits that signal offspring need. However, it has
become increasingly clear that its role in securing sufficient
provisioning from hosts depends on many other factors including
the parasitism strategy (evictor or non-evictor), the relative
size of parasitic chicks to their hosts, and how hosts integrate
begging signals in making decisions about provisioning effort
and food allocation within broods. More experimental and
comparative studies on a broader range of parasite species are
necessary to better understand the function and evolution of
signal exaggeration in parasitic birds. This is especially true if we
consider that research on this subject comprises only a minority
(∼13%) of the parasite species and, even within those more
extensively studied, data are limited to a narrow range of host-
parasite associations. Likewise, the study of begging behavior and
its role in host manipulation during the fledgling stage represents
another major gap, often neglected in the literature on brood
parasitism. For instance, little is known yet about host-parasite
interactions beyond the nestling stage and the extent to which
trickery and tuning adaptations similar to those observed in
parasitic nestlings play a role after the young have left the nest.

In this review, we differentiate between begging exaggeration
and sensory exploitation mechanisms based on whether parasitic
manipulation is based on signals already used in host-parent
offspring communication or not. This categorization becomes
somewhat diffuse since parasites may exhibit traits that are
actually absent in host chicks but imitate host begging signals,
as it is the case of the colored wing-patches resembling yellow
gapes in hawk cuckoos. Yet, we found this distinction useful to
highlight alternative routes to the evolution of manipulative traits
in parasitic chicks.

The role of learning in attuning the begging signals to
the host environment provides another interesting venue for
future research. The ability to modify call structure according
to the host environment is a flexible mechanism for tuning into
host’ acoustic communication in parasite species that are host-
generalists at the population level, like the common cuckoo.
However, more work is needed to solve discrepancies between
studies and see if generalizations can be made regarding how
begging calls develop across common cuckoo host-races. Varying
levels of plasticity in begging call features have been observed in
other parasite species, but in most cases, the specific function
of begging call structure in host manipulation has not been
assessed. Hence, it is difficult to say if the observed variation
reflects an underlying tuning adaptation that makes begging
signals more effective to stimulate provisioning in any given
host. As it happens with the study of host chick mimicry,
sound-spectrogram analyses must be combined with playback
experiments to answer these questions. It is interesting to point
out that the studies on begging call development have also
revealed that parasitic chicks can use different mechanisms of
host manipulation throughout their early life. This is clearly
illustrated by Horsfield’s bronze cuckoos, which innately develop
vocal mimicry of its primary host, but if reared by another host
species, they can attune their begging calls to this new host within
a few days of hatching.

How parasitic chicks tune into host communication channels
to obtain sufficient food is a long-standing question that has
promoted fruitful research. This review provides an overview
of the advances in the study of how parasitic young evade
host defenses and attune their begging signals to tap into host
provisioning rules. It also outlines some unanswered questions
and emphasizes the need that take into account the host’s
perspective when assessing the existence of mimicry or sensory
exploitation in parasitic chicks. In the future, an integrative
approach that take into account the function, ecology, evolution
and ontogeny of the manipulative signals displayed by parasitic
chicks will increase our knowledge about the ways in which
parasites are adapted to exploit the parental care of their hosts.
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