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ABSTRACT The sight of a small bird feeding a young Common Cuckoo
Cuculus canorus, even as the cuckoo grows to ten times its own body
weight, is astonishing.Why are the hosts apparently being so stupid? Do
they accept cuckoo eggs and chicks because they have limited capabilities,
and so will never evolve perfect defences? Or could hosts be gradually
improving their defences in a continuing evolutionary arms race?
In this paper, these questions are discussed in the light of recent evidence
from field observations and experiments, and from molecular genetics.
Hosts’ rejection of foreign eggs has led to the evolution of cuckoo
specialisation and wonderful host-egg mimicry, yet hosts never reject
cuckoo chicks, even though they look so different from their own young.
Why? Experiments reveal how the cuckoo chick’s extraordinary begging
calls ‘manipulate’ the hosts into treating it as if it were a whole brood of
their own hungry young.
Introduction
ince at least the time of Aristotle, writing
some 2,300 years ago, it has been known
that the Common Cuckoo Cuculus canorus
(hereafter referred to simply as the Cuckoo) is a
cheat. It never raises its own young; instead, it
relies on other, host species to do the work. The
sight of a host, such as a Reed Warbler Acrocephalus scirpaceus, feeding an enormous Cuckoo
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chick is one of the marvels of the bird world.
Towards the end of the nestling stage, the young
Cuckoo overflows the nest and the hosts seem to
risk being devoured themselves as they bow deep
into the Cuckoo’s enormous gape to feed it. After
fledging, the situation appears even more ludicrous: to deliver their food, the hosts often have
to perch on the back of the Cuckoo chick which has
now grown to ten times their own body weight.
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43. Adult Common Cuckoo Cuculus canorus,
Worcestershire, May 1989.

To understand how people first puzzled over
this, one has to imagine what it was like to live
in a world before any knowledge of evolution, a
world where birds were all created on the fifth
day, along with sea creatures. It was within this
framework of God’s creation that the first
explanations for host behaviour were sought. A
popular view was that hosts were only too
pleased to give the Cuckoo a helping hand: ‘It is
wonderful to observe what ... delight the birds
show when they see a female Cuckoo approach
their abode. The little Wren [Troglodytes
troglodytes] ... hops round her with such expressions of delight ... in thanks for the honour
which the great bird confers upon her by
selecting her nest for its own use’ (Bechstein, in
Brehm 1869).
How, then, was the Cuckoo’s lack of parental
care to be explained? One idea was that the
Cuckoo had defective instincts: ‘the Grand
Creator hath bestowed upon this siely fowle ...
witt ... to recompense ... her want of streingth
[and her] ... oune frigiditie, or coldnes of
nature, utterly disablinge it to hatche her oune
kind’ (Topsell 1614). Others suggested that the
defect was anatomical; the French anatomist
Herissant (in White 1789) proposed that the
Cuckoo’s stomach was too large to permit incu102

bation. Gilbert White (1789) dissected a
Cuckoo and agreed that ‘the crop placed just
upon the bowles must, especially when full, be
in a very uneasy situation during the business of
incubation’. He went on to demonstrate,
however, that some other species that cared for
their own eggs and young also had Cuckoo-like
guts, so he concluded that Herissant’s idea must
be wrong. But White was at a loss to explain the
Cuckoo’s parasitic habits, which he called ‘a
monstrous outrage on maternal affection, one
of the first great dictates of nature’.
These quaint views were shattered forever by
Charles Darwin, who, in one short paragraph in
The Origin of Species (1859), produced more
good ideas about cuckoos than had all previous
commentators since Aristotle. First, he pointed
out the advantage of being a parasite: the adult
Cuckoo is relieved of all parental duties, so it
should have the potential to lay more eggs. It
has since been shown that parasitic birds do,
indeed, lay more eggs per season than do related
parental (i.e. non-parasitic) species (Payne
1977). The concern of Gilbert White should,
therefore, be turned on its head: since only 1%
of all bird species are obligate brood parasites,
why are there not more cheats to exploit all the
honest workers? Secondly, Darwin suggested
how the Cuckoo’s parasitic habits might have
evolved gradually from a parental ancestor. We
now know that, of the world’s cuckoo species,
only 40% are parasitic (57 of the 140 species in
the family Cuculidae: Payne 1997), and comparative studies confirm that parasitism evolved
from parental behaviour (Krüger & Davies in
press). Finally, Darwin explained how the hosts
are designed by natural selection to raise their
own young: they accept a Cuckoo as a result of
what he called a ‘mistaken instinct’.
This paper will focus on the last of Darwin’s
suggestions and ask the following questions.
Why do hosts make mistakes? Do they accept
Cuckoo eggs and chicks because they have
limited capabilities and can never, therefore,
evolve perfect defences? According to this view,
the hosts are simply doing the best they can. Or
could some hosts be slowly improving their
defences, and we are observing them at an early
stage of a continuing evolutionary battle with
the Cuckoo? This hypothesis presupposes that
future descendants of the hosts would not be so
easily tricked. Before discussing these alternatives, it is necessary to take a closer look at how
the Cuckoo exploits its hosts.
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Host-specific female Cuckoo gentes
In Britain, there are five main hosts of the
Cuckoo, which account for 90% of the parasitised nests recorded in the nest record scheme
of the British Trust for Ornithology. These are:
the Reed Warbler in marshland, the Meadow
Pipit Anthus pratensis in moorland and heathland, the ‘Dunnock’ (Hedge Accentor) Prunella
modularis and the Robin Erithacus rubecula in
woodland and farmland, and the Pied Wagtail
Motacilla alba in open country. More than 50
other species have been recorded as occasional
hosts (Glue & Murray 1984). Over Europe as a
whole, there are some fifteen favourite hosts.
Others include the Great Reed Warbler Acrocephalus arundinaceus, the Garden Warbler
Sylvia borin, the Common Redstart Phoenicurus
phoenicurus, the Wren, the Red-backed Shrike
Lanius collurio and the Brambling Fringilla
montifringilla (Moksnes & Røskaft 1995).
The Cuckoo is not a common bird, so that
even for the favourite hosts the overall average
parasitism rates are low, usually 5% or less of
host nests. On a local scale, parasitism rates can,
however, vary from 0 to 60%, even between
neighbouring sites, and there may be large fluctuations between years at a particular site,
because local Cuckoo populations are often
small and consequently susceptible to chance
fluctuations in numbers (Lindholm 1999). It is
estimated that there are currently about 21,000
female Cuckoos breeding in Britain each
summer (Brooke & Davies 1987).
The observations of egg-collectors over 100
years ago suggested that individual female
Cuckoos specialised on one host species, and
laid in another species’ nest only if their
favourite host was in short supply. Radiotracking has now confirmed this (Wyllie 1981;
Dröscher 1988). The most extensive study has
been carried out by Nakamura & Miyazawa
(1997) along the Chikuma river, in the suburbs
of Nagano city, in central Honshu, Japan. They
radio-tracked 22 female Cuckoos for periods of
between ten and 54 days. Of these 22 females,
11 were Great Reed Warbler specialists, nine
specialised on Azure-winged Magpies
Cyanopica cyanus, and two specialised on Bullheaded Shrikes L. bucephalus.
These specialisations, or ‘host races’ of
Cuckoos, are called ‘gentes’ (singular ‘gens’).
Recent evidence, from two sources, shows that
they are restricted to female Cuckoo lineages,
with cross-mating by males maintaining the
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Cuckoo as the one species. First, the Japanese
study used DNA profiles to measure maternity
and paternity of 136 Cuckoo chicks. The results
showed that, whereas each female Cuckoo was
largely faithful to one host species, many individual males (37%) had offspring in more than
one species’ nest, so that they must have mated
with females of more than one host specialisation (Marchetti et al. 1998).
Secondly, analyses of three Cuckoo gentes in
Britain (specialising on, respectively, Reed Warblers, Dunnocks and Meadow Pipits) have compared two types of DNA which a bird inherits
from its parents. The first is nuclear DNA, a
random mixture, half from the mother and half
from the father, brought together when a sperm
fertilises an egg. No differences were found in
nuclear DNA across the gentes, as would be
expected given cross-mating by males. Any
nuclear DNA passed on from mother to son
would be transferred to another gens in the
next generation if that son mated with a female
raised by a different host species. The second
type of DNA occurs in the mitochondria, small
organelles in the cytoplasm of cells, involved in
energy metabolism. A sperm is a naked nucleus
containing only nuclear DNA, whereas an egg
cell has cytoplasm and therefore contains mitochondrial DNA, too. This means that all the
mitochondrial DNA in an individual comes
from its mother, and is passed on down female
lineages only (males are a ‘dead end’ for the
inheritance of this DNA). Over the generations,
therefore, we would expect each Cuckoo gens to
have ‘clocked up’ increasing differences in mitochondrial DNA, simply because of the isolation
of the female lines. This is exactly what has been
discovered by researchers, and the degree of difference in mitochondrial-DNA sequences suggests that these three British gentes last shared a
common ancestor some 80,000 years ago
(Gibbs et al. 2000).

Host-egg mimicry
Each Cuckoo gens lays a distinctive egg, which
tends to match the egg of its chosen host (Baker
1913, 1923, 1942; Chance 1922, 1940; Jourdain
1925). For example, ‘Reed Warbler-Cuckoos’ lay
greenish, spotted eggs like those of Reed Warblers, ‘Meadow Pipit-Cuckoos’ lay brownish,
spotted eggs like those of Meadow Pipits, and
‘Redstart-Cuckoos’ lay immaculate pale blue
eggs just like those of Common Redstarts. It is
known that individual female Cuckoos lay
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44. Egg of Common Cuckoo Cuculus canorus in
nest of a Reed Warbler Acrocephalus scirpaceus,
Wicken Fen, Cambridgeshire.The cuckoo egg,
on the right, is very similar to the Reed Warbler’s
eggs in colour and markings, but is a
little larger.

45. Egg of Common Cuckoo Cuculus canorus in
the nest of a Dunnock (Hedge Accentor) Prunella
modularis.The cuckoo egg (at top) is strikingly
different from those of this host species, which
shows no discrimination between eggs of
different colours.

exactly the same egg type throughout their lives,
so that even within a particular gens some individual females can be recognised by the distinctive colour and spotting pattern of their eggs.
It is assumed – but not known for certain –
that daughter Cuckoos lay a similar egg type to
that of their mother. If this is so, there must be a
special mode of inheritance in Cuckoos to
ensure that only the mother’s genes influence
her daughter’s egg type, otherwise cross-mating
by the males would disrupt the egg mimicry. As
female birds have a unique sex chromosome,
the W chromosome, one possibility is that
genes on this chromosome code for egg colour
(Punnett 1933).
Consider, for example, a young female
Cuckoo being raised in a Reed Warbler nest. It
is assumed that when she becomes an adult she
will lay a greenish spotted egg, just like the one
from which she hatched. Her problem, therefore, is to ensure that she chooses to parasitise
Reed Warblers, the one host species that lays
eggs for which her own will be a good match.
The most likely way in which she could do this
is by ‘imprinting’, namely by learning the characteristics of her host parents and then, later in
life, choosing to parasitise that same species.
The obvious way of testing whether this is true
is to place newly hatched Cuckoos into another
species’ nest, to see if they would then imprint
on that different host. This has been tried in
field experiments (Chance 1940), but none of

the young Cuckoos returned as breeders, and in
aviary experiments, but none of the captive
Cuckoos laid eggs (Brooke & Davies 1991).
There is some evidence from aviary experiments that young Cuckoos imprint on habitat
features (Teuschl et al. 1998), but it seems likely
that host-imprinting must be involved, too, as
has been shown experimentally for parasitic
indigobirds Vidua (Payne et al. 2000).
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Cuckoo tactics
The credit for discovering exactly how the
Cuckoo lays her egg goes to Edgar Chance, who
studied Cuckoos parasitising Meadow Pipits on
a Worcestershire common from 1918 to 1925
(Chance 1922, 1940). Chance was a passionate
egg-collector. He heard that Eugene Rey had
once collected a series of 20 eggs in a single
season from a female Cuckoo in Germany and
was determined to beat this record. Chance got
to know one female (‘Cuckoo A’) particularly
well; she was recognisable by her distinctive egg,
and she returned to the same territory on the
common for five successive summers.
Chance was a brilliant observer, and his eggcollecting exploits led to many new discoveries.
He showed that the female Cuckoo was also a
superb bird-watcher, monitoring the host nests
in her territory and carefully selecting her
victims so that her egg was deposited during the
host’s own laying period. Chance found that the
Cuckoo laid on alternate days, in the afternoon
British Birds 95 • March 2002 • 101-115
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46. Common Cuckoo Cuculus canorus laying in a Reed Warbler Acrocephalus scirpaceus nest.
The cuckoo first removes a host egg, and then, holding this in her bill, she lays directly into the nest
and departs.The whole process takes only ten seconds.

lecting 25 eggs from ‘Cuckoo A’. This total,
however, was achieved with his assistance,
because he destroyed any completed pipit
clutches which the Cuckoo had missed, thereby
forcing the pipits to start a replacement clutch
which would, potentially, be suitable for parasitism. Chance thought that his record would
‘never be equalled so long as Cuckoos continue
to lay’, but even he underestimated the Cuckoo’s
cunning. He knew that Cuckoos sometimes

47. Recently hatched Common Cuckoo Cuculus
canorus in a Reed Warbler Acrocephalus scirpaceus
nest.

48. Common Cuckoo Cuculus canorus chick, just
a few hours old and still naked and blind, ejecting
the host eggs, one by one, from a Reed Warbler
Acrocephalus scirpaceus nest.
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or early evening (unlike host species, which lay
soon after dawn). Before the laying visit, she
perches motionless in a tree nearby, for between
30 minutes and two-and-a-half hours. Then she
glides down to the host nest, picks out an egg
and, holding it in her bill, she lays her own egg
directly into the nest. She then flies off, without
another glance at the clutch. Incredibly, her
laying visit lasts just ten seconds.
In 1922, Chance got his ‘world record’, col-
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depredated whole clutches of eggs, but subsequent studies have shown that this is a regular
tactic used by female Cuckoos to force their
hosts to lay a new clutch (Gärtner 1981).
Unwittingly, Chance had been doing exactly
what the Cuckoo normally does for herself. In
1988, a ‘Reed Warbler-Cuckoo’ in Oxfordshire
equalled Chance’s record, this time without
human help (Bayliss 1988).
The Cuckoo’s egg requires about half a day’s
less incubation than the host eggs, so that it
usually hatches first. This may be due to the fact
that newly laid Cuckoo eggs already have partly
developed embryos (Perrins 1967). Since it
takes just 24 hours for an egg to be fully
formed, from ovulation to the laying-down of
the shell, the female Cuckoo’s habit of laying on
alternate days means that she is likely to carry a
hard egg in her oviduct for about a day before it
is laid. This internal incubation must give the
Cuckoo chick a head start, helping it to hatch
before the host eggs (Liversidge 1961).
The next act in this strange and eventful
history was known to Aristotle (Hett 1936), but
first described in detail by Edward Jenner in
1788. Just a few hours old, and still naked and
blind, the Cuckoo chick balances each of the
host eggs on its back, one by one, and heaves
them out of the nest. Any host chicks receive
exactly the same treatment. As a result, the
Cuckoo gets the nest to itself, and the host
parents then slave away to feed it for about
three weeks in the nest, and for a further two to
three weeks after fledging. For a typical host,
such as a Reed Warbler, this is two weeks longer
than it takes to raise a brood of its own to independence, so that, if a host is lumbered with a
Cuckoo in its first nest of the summer, it will
have no time to breed again in that season and
its reproductive gain from five weeks’ hard work
will be zero.

Co-evolution
In theory, these interactions between the hosts
and the Cuckoo should provoke an evolutionary arms race (Dawkins & Krebs 1979). In
response to parasitism, hosts should evolve
defences. These, in turn, should select for the
evolution of improved Cuckoo trickery, which
will provoke further improvements in host
defences, and so on. This cycle of reciprocal
selection pressures, as each party evolves in
response to the other, is known as co-evolution.
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HOST
better defences

CUCKOO
better trickery

Fig. 1. Simple representation of co-evolution of
Cuckoo and host. See text for explanation.

Does this actually occur in nature? If so,
what is the outcome?
Cuckoos evolve in response to hosts
Consider the top part of fig. 1 first. We would
have good evidence that the Cuckoo has evolved
its trickery in response to host defences if we
could show that its laying tactics were designed
to beat host rejection. Michael Brooke and I
tested this by some simple field experiments, in
which we played the part of the Cuckoo, and
parasitised host nests with variously coloured
model eggs. We were once apprehended by a
policeman on a remote Derbyshire moor, on
suspicion of egg-collecting. When we
announced that we were not collecting eggs but,
on the contrary, were putting extra eggs into
birds’ nests, the policeman found this hard to
believe until we showed him our licence from
English Nature. The model eggs were made
from resin and were painted to resemble the
types laid by the various Cuckoo gentes. They
were sufficiently realistic to fool the late Bruce
Campbell (the best nest-finder I have ever met)
into recording one as a real Cuckoo egg on a
nest record card.
Our experiments revealed that each Cuckoo
gens has evolved a mimetic egg (one which
matches the host eggs) only if its respective host
is fussy and rejects badly matching model eggs
(ones resembling those of other gentes). So, for
example, Reed Warblers rejected badly
matching eggs, resembling those of the Pied
Wagtail-, Meadow Pipit- or Redstart-Cuckoo
gentes, at two-thirds of nests, but almost always
accepted a green-spotted mimetic egg, resembling that of their own Cuckoo gens. Similarly,
we were most likely to fool a Meadow Pipit with
a brown-spotted model, like that of its Cuckoo
gens. The Dunnock is the odd one out which
proves the rule. It accepts model eggs of any
colour, which explains why ‘Dunnock-Cuckoos’
have not evolved a mimetic egg for their host
(Brooke & Davies 1988; Davies & Brooke
1989a).
British Birds 95 • March 2002 • 101-115
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Host discrimination explains not only egg
mimicry but also other Cuckoo tactics (Davies
& Brooke 1988). First, if we placed a model egg
into a Reed Warbler nest before the warblers
had started their clutch, then they always
rejected it, even if it was mimetic. This explains
why the Cuckoo waits until the host begins to
lay before it parasitises the nest. Secondly,
Cuckoo eggs are unusually small (similar in size
to those of a Sky Lark Alauda arvensis), much
smaller than those of non-parasitic cuckoos of
the same body size, which lay eggs about the
same size as those of a Mistle Thrush Turdus
viscivorus (Payne 1974). When we placed such
giant-sized model eggs into Reed Warbler nests,
they were much more likely to be rejected than
were Cuckoo-size eggs; so, host discrimination
selects for small Cuckoo eggs, too. A large egg
may also be impossible for a small host to incubate.
Why does the Cuckoo remove a host egg
before she lays? The obvious possibility is that
the hosts can count, and would recognise an
extra egg in their nest. Surprisingly, however,
our experiments showed that the model eggs,
provided that they were a good match, would be
accepted irrespective of whether we removed a
host egg or simply added the model to the
clutch. So, hosts do not count the number of
eggs as a defence strategy. The Cuckoo may
remove a host egg to improve the incubation of
her own and, because she swallows the host egg,
to obtain a free meal. Why not, then, remove all
the host eggs? The reason is that hosts always
desert if their final clutch is reduced to one egg,
and sometimes do so if it is reduced to two
eggs. This sets a limit to the number of host
eggs which a female Cuckoo can remove
(usually one, sometimes two). Although hosts
always desert a single egg, they never desert a
single chick. This explains very neatly why it is
the Cuckoo chick, and not the female Cuckoo
earlier during laying, that has to eject the host
eggs (Davies & Brooke 1988).
Finally, why is the laying female Cuckoo so
incredibly quick? We tested host responses to a
‘slow’ female, by placing a stuffed Cuckoo on a
Reed Warbler nest and allowing the warblers to
mob it for five minutes. After this experience,
they were much more likely to reject a mimetic
model egg (Davies & Brooke 1988). Meadow
Pipits are also incited to increased egg rejection
by the presence of a stuffed Cuckoo (Moksnes
et al. 1993), and video-recording at Reed
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Warbler nests reveals that the warblers are more
likely to reject a real Cuckoo egg if they have
been present during the brief laying visit
(Moksnes et al. 2000). Thus, it pays the Cuckoo
to be quick, in order to decrease the chance that
it alerts the host.
Flexible host defences
This last point raises an interesting question.
Why do the hosts need to be alerted in order to
reject the Cuckoo egg? Why not always reject it?
Recent experiments reveal that there are two
costs of rejection. First, the hosts may damage
their own eggs while attempting to eject a
Cuckoo egg; and, secondly, they may make
recognition errors when the Cuckoo egg is
mimetic, and eject one of their own eggs rather
than the parasitic egg (Davies & Brooke 1988;
Marchetti 1992; Welbergen et al. 2001). In
theory, therefore, it pays hosts to reject, and to
incur these costs, only above a certain frequency
of parasitism (Davies & Brooke 1989a; Lotem et
al. 1995; Davies et al. 1996). To use a human
analogy, it is worth investing in costly defences
of our property only if we live in areas where
burglary is likely. These costs of rejection probably explain why hosts have flexible defences,
with individuals increasing their rejection levels
if they judge that they are more likely to be parasitised, for example because they have seen a
Cuckoo at their nest.
Such individual flexibility may explain why
parasitised Reed Warbler populations show
stronger rejection of model Cuckoo eggs than
do unparasitised populations (Lindholm &
Thomas 2000). Two results suggest that this difference in rejection behaviour is unlikely to be
due entirely to genetic differences between host
populations. First, these behavioural differences
can occur between neighbouring populations
just 11 km apart (Brooke et al. 1998), which is
well within the 47-km average natal dispersal
distance (from site of birth to site of first
breeding) of Reed Warblers (Paradis et al.
1998). Secondly, there can be dramatic changes
at a site even within a few years. Our observations at Wicken Fen, Cambridgeshire, have
recorded a decrease in Cuckoo parasitism of
Reed Warblers, from 16% in 1985-86 to 2-6% in
1995-97, owing to a decline in Cuckoo
numbers. Our experiments with model eggs
showed that, during this 12-year period, there
was a marked reduction in host rejection of
non-mimetic eggs, which occurred at 75% of
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nests in 1985-86 but at only 25% of nests in
1997. Calculations suggest that this decline in
host defences is too rapid to reflect only genetic
change, and so is more likely to be an outcome
of individual flexibility. We also found a seasonal decline in parasitism, and this, too, was
accompanied by a strong seasonal decline in
rejection (Brooke et al. 1998).
In Spain, Alvarez (1996) found less rejection
by Rufous-tailed Scrub-robins Cercotrichas
galactotes later in the season, when Cuckoos left
his study area. By testing the same host individuals at different stages of the summer, he
showed that this was due to individuals
changing their responses. These results suggest
that hosts must monitor Cuckoo activity in
their local area and adjust their defences
accordingly.
Hosts evolve in response to Cuckoos
There is now good evidence that host defences
select for both the Cuckoo’s egg mimicry and its
laying tactics. What about the lower part of the
proposed co-evolutionary cycle shown in fig. 1?
Have host defences, in turn, evolved specifically
in response to Cuckoos? If they have, then it
would be predicted that small birds with no
history of Cuckoo parasitism would show no
rejection of foreign eggs.
There are two groups of such ‘unsuitable’
hosts which, we can be sure, have been
untainted by Cuckoos. One is hole-nesters, such
as tits Parus, Pied Flycatchers Ficedula hypoleuca
and Northern Wheatears Oenanthe oenanthe,
whose nests are inaccessible to a laying Cuckoo.
The other is seed-eaters, such as many finches
(Fringillidae), which have an unsuitable diet for
raising young Cuckoos. Experiments with
model eggs confirm that these two groups of
species show little, if any, rejection of eggs that
are unlike their own (Davies & Brooke 1989a;
Moksnes et al. 1991). Some comparisons
between closely related species suggest that egg
rejection is not constrained by taxonomy, but is
likely to evolve whenever a species is subjected
to Cuckoo parasitism. For example, Spotted
Flycatchers Muscicapa striata have open nests,
are occasional victims of Cuckoos, and show
strong egg-rejection behaviour, whereas the
hole-nesting Pied Flycatcher does not reject
eggs, even those which are very different from
its own. The Common Chaffinch Fringilla
coelebs and the Brambling, the two finches
which feed their young on insects and so are
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suitable hosts for Cuckoos, are also strong rejectors of unusual eggs, whereas the seed-eating
finch species, such as Greenfinch Carduelis
chloris, Linnet C. cannabina and Lesser Redpoll
C. cabaret, show little of this behaviour.
This comparison between suitable and
unsuitable species reveals that Cuckoo hosts
evolve not only egg rejection as a defence
against Cuckoo parasitism, but also changes in
their egg markings, an idea first suggested by
Swynnerton (1918). Species exploited by
Cuckoos exhibit less variation in the appearance
(both colour and markings) of eggs within a
single clutch, and more variation between
clutches of different females, than do species
with no history of Cuckoo parasitism (Øien et
al. 1995; Soler & Møller 1996; Stokke et al. in
press). This makes life harder for the Cuckoo,
since it is easier for the hosts to spot a foreign
egg if all their own eggs look exactly the same,
and distinctive markings for individual host
females (‘signatures’) make it harder for the
Cuckoo to evolve a convincing forgery of that
species’ eggs.
New and old hosts?
These results suggest that the egg rejection
which we now see in the suitable host species,
namely those with open nests and which feed
their young on invertebrates, has evolved specifically as a defence against Cuckoo parasitism.
How, then, can the Dunnock’s lack of rejection
be explained? One possibility is that this species
finds rejection peculiarly costly, so that acceptance is better. It is not, however, obvious why
rejection should be more costly for Dunnocks
than for other hosts. Another possibility is that
parasitism levels are too low to favour the evolution of egg rejection. Although current levels
of parasitism of Dunnocks (2%) are similar to
those suffered by species which have evolved
rejection (Meadow Pipit 2.5%), or are even
higher (cf. Pied Wagtail 0.4%; Glue & Murray
1984), it may be that the rejection by these
other hosts evolved in response to stronger
selection in the past, whereas the parasitism
level to which the Dunnock is subjected may
have always been low (Takasu et al. 1993). The
third possibility is that Dunnocks are relatively
new victims which have not yet had time to
evolve defences, and that we have caught them
at the start of their arms race with Cuckoos
(Kelly 1987; Davies & Brooke 1989a,b).
Model-egg experiments show that there are
British Birds 95 • March 2002 • 101-115
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49. Common Cuckoo Cuculus canorus chick in the nest of a new host in Japan,
the Azure-winged Magpie Cyanopica cyanus.

also some suitable host species, now rarely used
by Cuckoos, which exhibit stronger rejection
than do many of the Cuckoo’s favourite hosts
(Davies & Brooke 1989a; Moksnes et al. 1991).
These include Willow Warblers Phylloscopus
trochilus, Blackcaps Sylvia atricapilla, Reed
Buntings Emberiza schoeniclus, Yellowhammers
E. citrinella and Common Chaffinches. If egg
rejection evolves only in response to Cuckoos,
then this implies that these were once favoured
hosts which now retain rejection as a legacy of
the arms race which their ancestors fought long
ago, just as humans retain the stamp of their
evolutionary past in the form of an appendix
and wisdom teeth. Perhaps these Cuckoo gentes
were driven to extinction by their hosts’ strong
defences, or by ecological changes which
reduced host numbers or density and so made
specialisation on them unprofitable for the
Cuckoo.
These findings imply that the Cuckoo
changes its use of hosts with time, and we may
now be observing snapshots of a continuing
arms race (Davies & Brooke 1989b; Rothstein
1990). The best evidence that the Cuckoo does
indeed change its hosts comes from recent
studies in central Honshu, Japan (Nakamura
1990; Nakamura et al. 1998; Yamagishi &
Fujioka 1986). Sixty years ago, the three most
common gentes there were those which specialised on Bull-headed Shrikes, Great Reed
Warblers and Meadow Buntings E. cioides.
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Nowadays, the first two of these continue to be
Cuckoo favourites, but the bunting, although
still abundant, has become a rare host. In its
place, a new gens is evolving, one which parasitises the Azure-winged Magpie. In recent
years, the magpies have spread to higher elevations and now come into increasing contact
with Cuckoos. The first record of their being
parasitised in Japan was in 1956. Since then, the
magpie has rapidly become one of the main
hosts in central Honshu, with 30-60% of its
nests being parasitised in several areas.
The spread of this gens began when female
Cuckoos of the three old gentes started to
exploit the Azure-winged Magpie as a secondary
host as the magpies spread into their range. The
Cuckoo eggs in the magpie nests are particularly
variable and reflect the multiple origins of the
layers. Radio-tracking now shows, however, that
some female Cuckoos specialise on this new host
(Nakamura & Miyazawa 1997). So, the rapid rise
in parasitism of the magpie probably reflects not
only its increased use as a secondary host by
other Cuckoo gentes, but also the spread of their
female descendants, which have presumably
imprinted on the new host and now use it as
their favourite. Genetic analysis confirms that
these ‘Magpie-Cuckoos’ are of the same genetic
stock as those of the old gentes, so there has not
yet been time for this new gens to evolve a distinct genotype (Gibbs et al. 2000).
In some areas, the magpies are already
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beginning to fight back and now reject Cuckoo
eggs at 30-40% of nests. This response has been
so fast that it seems likely that the magpie is
not, after all, a completely naïve host. Perhaps
this species was parasitised before historical
records began, and its increased recent contact
with Cuckoos has ‘switched on’ again the
defences which it evolved long ago (Nakamura
et al. 1998). Of course, the magpie’s response
could reflect both genetic change and flexible
behaviour. Individuals may be already equipped
to show some defences, and these could now be
in the process of being refined by natural selection (see also Soler et al. 1998). It will be fascinating to see how soon this new Cuckoo gens
begins to evolve egg mimicry.
The initial stages in the creation of such new
Cuckoo strains must be happening all the time,
whenever female Cuckoos lay eggs in the nests
of alternative hosts. Edgar Chance’s ‘Meadow
Pipit-Cuckoos’, for example, occasionally laid in
Tree Pipit Anthus trivalis or Yellowhammer
nests when there was no suitable Meadow Pipit
nest available. From an analysis of museum egg
collections, Moksnes & Røskaft (1995) estimated that, in 5-10% of cases, a Cuckoo lays in
the ‘wrong’ host nest. Radio-tracking studies in
Japan suggest a similar level of ‘mistakes’, with
8% of eggs laid in the nests of alternative hosts
(Nakamura & Miyazawa 1997). Many of these
eggs will be a poor match of the host eggs and
will therefore be rejected. Even if eggs are
accepted, there may not be enough surviving
young female Cuckoos imprinting on the alternative host species for a new strain to persist for
very long. Only if the alternative host accepts a
good proportion of the eggs, and only if several
female Cuckoos switch to it at the same time,
will the new habit really take off, and a new gens
will then be born, as seems to be happening in
Japan today.
A co-evolutionary sequence
These observations and experiments suggest the
following sequence (fig. 2) in the evolutionary

battle between the Cuckoo and its hosts at the
egg stage.
The stages in the sequence are as follows. 1.
Before a species is exploited by the Cuckoo, it
accepts any egg. 2. In response to parasitism, the
host evolves rejection of eggs unlike its own. 3.
In response to host rejection, the Cuckoo
evolves a mimetic egg. 4. If the mimicry is sufficiently good, then, provided that parasitism
levels are not too high, it may be best for the
host to accept and so avoid costly recognition
errors, unless it has extra information to tell it
that it has been parasitised (e.g. if it has seen a
Cuckoo on its nest). This is the situation for the
Reed Warblers which have studied at Wicken
Fen, where 80% of Cuckoo eggs are accepted
(Davies & Brooke 1988).
If a host becomes freed from parasitism,
then it may lose the ability to reject eggs unlike
its own if rejection is a costly trait. As a result,
there will always be a pool of ‘acceptor species’
available to the Cuckoo for subsequent recycling through the co-evolutionary sequence. If
rejection of odd eggs has little cost, however,
then old hosts may retain this behaviour and so
it will be harder for the Cuckoo to exploit them
the next time around. In this case, the option of
changing to a different host every time the
current favourite evolves strong rejection will
become unviable. Once all suitable hosts have
evolved rejection of eggs unlike their own, the
only option for the Cuckoo is to evolve better
mimicry, and the outcome will then be specialist gentes, or sometimes cuckoo speciation
(for further discussion, see Davies 2000 and
Rothstein 2001).

Why accept the Cuckoo chick?
Although most hosts reject eggs unlike their
own, there is no evidence that any host ever
rejects the Cuckoo chick. This is extraordinary.
For example, there are at least three cues that
Reed Warblers could use to tell them that a
Cuckoo is not one of their own young. It is too
big, its gape is of the wrong colour (orange

HOST
Accept

Reject

No mimicry

1

2

Mimicry

4

3

CUCKOO
Fig. 2. The evolutionary battle between the Cuckoo and its hosts at the egg stage. For explanation, see text.
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50. Twelve-day-old Common Cuckoo Cuculus canorus chick being fed by a Reed Warbler Acrocephalus scirpaceus.

instead of yellow), and it lacks tongue spots.
These cues, namely size, colour and spotting,
are the very ones which the warblers use to
reject foreign eggs. Why not use them at the
chick stage, too?
At first sight, the answer seems obvious: the
hosts can compare a Cuckoo egg with their own
eggs, but the ejection behaviour of the Cuckoo
chick means that the hosts cannot compare the
young Cuckoo with their own chicks. Nonetheless, when we enabled Reed Warblers to make
this comparison, by strapping two nests side by
side, one with a Cuckoo chick and the other
with Reed Warbler chicks, the Reed Warbler
adults fed the young in both nests (Davies &
Brooke 1988). Furthermore, Reed Warblers,
together with other hosts which reject foreign
eggs, will accept a different-looking chick of
another species among their own brood and
will raise it as if it was their own (Davies &
Brooke 1989b). The hosts seem to follow the
rule ‘any chick in the nest is mine’. Why the
fussiness over odd eggs but not over odd chicks?
Lotem (1993) proposed an ingenious solution. His experiments with Great Reed Warblers
suggest that hosts come to reject foreign eggs by
first learning the appearance of their own eggs
during the laying of their first clutch. If they
then encounter an egg which looks different
from this learnt set, they reject it (Lotem et al.
1995). This learning rule is a good defence, but
it is not perfect. If the hosts are unlucky, and are
parasitised with a foreign egg during their first
British Birds 95 • March 2002 • 101-115

clutch, they may learn that this is part of their
‘own’ set, and so would be doomed to accept
that type, as well as their own eggs, for ever
more. This cost of mis-imprinting is not too
serious, however, because in most of their
future breeding attempts their clutches will be
unparasitised and the young which they raise
will, therefore, be their own.
Such a learning strategy would, however, be
a disaster for Cuckoo hosts if applied at the
chick stage. There would then be a much bigger
cost of mis-imprinting. Imagine a host which is
parasitised in its first breeding attempt. It would
now imprint only on the Cuckoo chick, because
its own eggs have been ejected before they
hatched. In future, unparasitised breeding
attempts, it would then see its own young as
‘foreign’, and would reject them. Some calculations show that, at the chick stage, it is best to
avoid these heavy costs and not to learn at all,
but rather to follow the rule ‘accept any chick in
my nest’ (Lotem 1993). And that is exactly what
hosts of the Cuckoo seem to do.
Although Cuckoo chicks do not need to look
like the host’s young, they still have a problem.
A single Cuckoo chick is fed at about the same
rate as a whole brood of Reed Warbler young
(Brooke & Davies 1989; Grim & Honza 1997).
How can a single Cuckoo chick persuade the
host parents to bring so much food? Our first
idea was that the Cuckoo’s orange gape might
be a ‘super-stimulus’, a sort of bird lipstick.
Some finch chicks signal their hunger by a flush
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51. Two- to three-week-old Common Cuckoo Cuculus canorus chick being fed by a
Reed Warbler Acrocephalus scirpaceus.

of blood to the gape; the hungrier the chick, the
stronger the flush, hence a redder gape. Experiments in which chicks had their gape painted
with food dye showed that their parents preferred to feed the chicks with a redder mouth
(Kilner 1997). The young Cuckoo’s gape does
not flush in this way. It is made permanently
bright by pigment. Could it be cheating the
system by giving a signal that it is always
hungry? We studied three Cuckoo hosts, namely
Robins, Reed Warblers and Dunnocks. Unlike
the finches, none of these hosts’ chicks showed a
red flush when they were hungry (Kilner &
Davies 1998), and food-dye experiments
showed that their parents did not favour chicks
with a redder mouth, nor did they work harder
if all their brood had a red mouth (Noble et al.
1999).
The next idea was that the Cuckoo chick’s
large size might be stimulating for the hosts.
Parents often favour the largest chick in their
brood; perhaps they regard the Cuckoo as an
especially strong and healthy chick of their
own? If that is the case, then an equally large
chick of another species should be fed just like a
Cuckoo. We tested this by temporarily
removing the young from a Reed Warbler nest
and replacing them with a single Blackbird
112

Turdus merula chick. The Reed Warblers readily
accepted the Blackbird chick, but they fed it at a
much lower rate than they would a Cuckoo
chick of the same mass (Davies et al. 1998).
Large size is not, therefore, the key to the
Cuckoo chick’s attractiveness.
Parents do not just look at their young, but
they listen to them, too, so we next examined
begging calls. The Cuckoo’s begging call is very
strange, a continuous and rapid ‘si, si, si, si ...’,
quite unlike that of a single Reed Warbler chick,
which is a much slower ‘tsip .... tsip’. In fact, to
our ears, the Cuckoo did not sound like a single
chick at all; rather, it sounded like a whole
brood of hungry chicks. At seven days of age,
the young Cuckoo called at the same rate as
does a week-old brood of four Reed Warblers.
To test whether this rapid calling is the key
Cuckoo trick, the experiment with the single
Blackbird chick was repeated, but this time it
was accompanied by a small loudspeaker next
to the nest. Every time the Blackbird chick
begged we broadcast the begging calls of a
Cuckoo chick. This had a dramatic effect on the
Reed Warblers. They now worked much harder
and brought about as much food to the Blackbird as to a Cuckoo chick of the same size
(Davies et al. 1998).
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Although a week-old Cuckoo
chick sounds, from its begging
rate, just like four Reed Warbler
chicks, we no longer believe that
it is simply mimicking a host
brood, because an older Cuckoo
chick increases its calling rate
still further. By two weeks of age
it sounds more like eight Reed
Warbler chicks, yet it is still fed
at the same rate as a brood of
four host young. Subsequent
experiments show that the
Cuckoo’s problem is that it presents a deficient visual stimulus,
namely a single gape, whereas
the hosts are designed to expect
to see a whole brood of gapes.
Although the Cuckoo chick is
much larger than any one host
chick, its gape area can never
match that of four host chicks,
and this deficiency in its visual
stimulus becomes increasingly
marked as it becomes older.
Measurements show that the
Cuckoo’s ever more rapid calls
are designed to compensate for
this increasingly deficient visual
stimulus, so that the Reed Warblers will still bring it sufficient
food. Thus, the Cuckoo chick’s
key trick is to ‘tune in’ to the way
in which the host parents integrate visual and vocal stimuli
52. Common Cuckoo Cuculus canorus chick, just before fledging.
from their own young (Kilner &
Davies 1999; Kilner et al. 1999).
It will be interesting to discover whether the
DNA as a molecular clock, it should be possible
Cuckoo chick has to beg in differing ways in the
to infer the ages of the various gentes. More
nests of different host species.
observational studies are needed, too. After
more than a century of speculation, we still do
Conclusion
not know whether daughter Cuckoos lay the
The observations and experiments described
same type of egg as their mother, nor whether
here certainly support the view that the Cuckoo
they imprint on their hosts.
and its hosts have engaged in an evolutionary
Hosts are unlikely ever to evolve perfect
arms race. Some species may be new hosts, yet
defences. Their need to learn what their own
to evolve defences, others may be old hosts
eggs and chicks look like creates chinks in their
whose Cuckoo gentes have become extinct, and
armour which the Cuckoo can exploit, and
still others may be rearming themselves as the
their strong parental instincts are susceptible
Cuckoo begins to exploit them the next time
to manipulation by a Cuckoo chick. Perhaps
around. Further molecular-genetic analyses of
these imperfections can be a gentle reminder
Cuckoos will help us to understand the time
of our own vulnerability, too, and the ease
course of these changes in host use; by using the
with which we are exploited by the advertising
sequence divergence in their mitochondrial
industry.
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