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Avian brood parasites lay their eggs in the nests of other species (hosts) which incubate and rear the
brood-parasite offspring. This reproductive strategy directly reduces the cost of reproduction (e.g.
parental care) and, therefore, may be subject to natural selection. I discuss three additional advantages
arising from the fact that host and parasite are different species and that, therefore, adult and nestling
brood parasites apparently never have contact with each other. (1) In relation to the vertical transmission
of pathogens, because some pathogens are host specific, the brood-parasite nestlings have a very low
probability of being infected by the specific brood-parasite pathogens. Thus they have a reduced risk of
being infected by pathogens compared with other nestlings which are reared in the nest of its own species.
(2) In terms of the begging behaviour of brood-parasitic nestlings, because parental care is given by other
species, there does not exist both genetic relatedness between foster parents and brood parasitic nestlings,
nor a genetic correlation between exaggerated begging behaviour of an individual during the nestling
stage and the costs when adult from the exaggerated begging behaviour of their offspring. Consequently,
the level of begging behaviour in brood-parasitic nestlings is not constrained by the parent-offspring
conflict or by such a genetic correlation. (3) Finally, brood parasites could also have the advantage of
selecting foster parents for their offspring according to their parental quality. Brood parasites may be able
to assess both the parental quality of the host pair and the quality of its territory using sexually selected
traits when considering which nest to parasitise.

INTRODUCTION
Inter-specific avian brood parasites lay their eggs in nests of other species (hosts) which incubate and
raise the parasitic offspring (Rothstein 1990). This reproductive strategy reduces the costs of reproduction
because brood parasites receive no conspecific parental care (Payne 1974). The low cost of reproduction
for brood parasites in comparison with other avian species (showing parental care) is a great advantage.
This advantage has for example been related to the clutch size, clutch size of parasitic cuckoos being
larger than that for non-parasitic cuckoos (Payne 1974).
On the other hand, because brood parasites cause enormous costs to their hosts, defence strategies against
these parasites evolved in host populations. Among such counter-adaptations are recognition and rejection
of parasitic eggs and nestlings (Rothstein 1990), thereby reducing the potential parasite reproductive
success from clutch sizes (Payne 1974). Therefore, the large clutch size among brood parasites, resulting
from the absence of parental care, could be counterbalanced by host defence against the brood parasites,
and individual success (number of fledglings produced per breeding season) could be similar in parasitic
and non-parasitic species, depending on the level of host defence. However, in any case, the total cost of
breeding appears to be less in the parasitic than in the nesting cuckoos (Payne 1974).
Inter-specific brood parasitism has evolved several times in birds. It has been detected at least a single
time in American cowbirds Molothrus spp. (Lanyon 1992) and finches (Vidua spp.; Klein & Payne 1998),

and two times in Cuculidae (Aragon et al. in press; but see Hughes 1996). Moreover, it is likely that this
reproductive strategy has evolved at least once in Honeyguides (Indicatoridae) and in Anatidae, because
all the parasitic species are from the same genus and all other genera from the same family consist of nonparasitic species. In all the cases where brood parasitism has appeared, the most parsimonious
evolutionary tree showed that this evolved from a non-parasitic species (Lanyon 1992; Klein & Payne
1998; Aragon et al. in press).
Brood parasites have the advantage of reducing the cost of reproduction, and, in the interaction with
hosts, it has been demonstrated that some characteristics increase the probability of success of parasitic
offspring. Such characteristics are, (1) parasite responses to host defences (e.g. egg and nestling mimicry,
adult mimicry of potential host predators; for reviews, see Payne 1977; Rothstein 1990), (2) a reduction in
the duration of laying (Brooker & Brooker 1991; Sealy et al. 1995), (3) a reduction in the duration of the
incubation period (Briskie & Sealy 1990; Soler & Soler 1991), (4) a faster growth rate than that of host
nestlings (Soler & Soler 1991), and (5) thicker egg shells than those of the host (Spaw & Rohwer 1987;
Rahn et al. 1988; Brooker & Brooker 1989, 1991; Soler 1990; Moksnes et al. 1993). Most of these
characteristics have been explained as adaptations of brood parasites counteracting host defences and
increasing survival probability of parasitic nestlings. Therefore, they are of advantage in the brood
parasite-host coevolutionary process. On the other hand, Hamilton and Orians (1965) suggested some
characteristics that are necessary in the non-brood parasitic ancestor for a successful evolution of brood
parasitism. Such preadaptations are: short incubation period relative to egg size, nestlings being broadly
adapted to a diversity of food and determined egg laying (eggs are laid until a certain clutch size is
reached). These characteristics are not, therefore, the result of a coevolutionary process between parasites
and hosts, but of advantage for the evolution of brood parasitism. However, such preadaptations were
selected a posteriori, and different unique attributes are proposed for each group of brood parasites
(Payne 1977).
In the present paper, I propose three different advantages for brood parasites that arise simply from the
fact that brood parasites and their hosts are different species, and thus, with a different evolution behind
their life-history traits. These are; (1) related to the risk of infection and immune-system of both brood
parasites and hosts, (2) related to the co-adaptation of parental and offspring characters (i.e. the genetic
relatedness and the genetic correlation between the parental and offspring traits), and (3) related to the
probability of exploitation of sexually selected traits of hosts signalling good parental or territory quality.
Point number 1 has previously been explicated and tested for the Great Spotted Cuckoo Clamator
glandarius and its Magpie Pica pica host (Soler et al. In press), point number 3 has been suggested for
the same brood parasite-host system (Soler, J.J. et al. 1995), but never experimentally tested. Point
number 2 however has never been suggested or tested. In general, the advantage for brood parasites of
being different species from their hosts, with different life-history traits evolved, is a rather neglected
aspect in the study of the interaction between brood parasites and their hosts.

Risk of infection and immune-system
Most pathogens (general parasites) utilise fewer than 10 hosts species (Poulin 1998). Even though there
are generalist pathogen species, many are highly host-specific (Brooks & McLennan 1993) that exploit
only one or a few host species. Pathogen transmission from one host to another can occur between adults
(horizontal transmission) or from parents to offspring (vertical transmission). On the basis of these
pathogen generalities, Soler et al. (1998) hypothesised that nestling brood parasites experience restricted

vertical transmission of pathogens because they have little or no contact with adult brood parasites (Fig.
1) (Payne 1977; Rothstein 1990).
By definition, a parasite (pathogen) is an organism living in or on another organism. The parasite feed on
the host showing some degree of structural adaptation to it, and is frequently causing it some harm
(Poulin 1998). It is clear that pathogens impose costs on their hosts (see examples in Clayton & Moore
1997, and, Poulin 1998). However, if the brood parasite nestling is reared by foster parents of a different
species, the risk of being infected is greatly reduced compared to non-brood parasitic nestlings. Thereby,
the cost of infections is reduced just because the foster parent and the brood parasite are different species.
Some predictions from this hypothesis have been tested in the Great Spotted Cuckoo-Magpie system.
Soler et al. (in press) found that the Great Spotted Cuckoo nestlings suffered less from specialist
haematozoa than did magpie nestlings reared in the same nests, but no differences appeared with respect
to the prevalence of a generalist ectoparasite (Fam. Carnidae).
Moreover, Møller (1997) suggested that parasitism influences the evolution of life histories. Pathogens
often reduce the reproductive success of their hosts (e.g. Møller et al. 1990; Loye & Zuk 1991; Lehmann
1993) and parental effort should be adjusted to the reproductive value of their offspring (Schaffer 1974;
Pianka & Parker 1975; Forbes 1993). Life-history theory predicts that parents should allocate less effort
to offspring that show a lower reproductive value because of parasitism (Møller 1997). Thus, in the
absence of brood-parasite nestling recognition, and because brood parasite nestlings are expected to be
less often infected by pathogens (see above) compared with their foster siblings, parent hosts should pay
more attention to pathogen-free nestlings (brood parasites) than to the – probably – infected ones (the
parents’ own offspring).
However, no data have been available to test this hypothesis. The generally healthy appearance of the
brood parasitic nestlings could, on the other hand, partially explain why they are preferably fed over the
foster parents’ own nestlings. Both when the two nestling species are sharing the same nest (Soler, M. et
al. 1995; Lichtenstein & Sealy 1998), and when only the brood-parasite nestling remains in the nest
(Brooke & Davies 1989; Davies et al. 1998).

Co-adaptation of parent and offspring characters
In many organisms, traits expressed in one individual can also be influenced by, and function together
with, traits that are expressed in different individuals in the previous generation. These so-called maternal
effects (or more generally, indirect genetic effects) are present when the environment provided by parents
influences the expression of traits in offspring (Cheverud & Moore 1994; Rossiter 1996; Wolf et al. 1998;
Wolf & Brodie 1998). On the other hand, offspring traits are also able to influence the expression of
parental traits, thereby provoking coadaptation of parental and offspring characters (Wolf & Brodie
1998). In altricial birds, parents have to feed their young in the nest during the nestling period. Thus, a
conflict appears between the amount of food required by nestlings and that which the parents are willing
to provide. This is known as the parent-offspring conflict (Trivers 1974), and its study and modelling
have received increased attention recently (Godfray 1995a; Kilner & Johnstone, 1997). Most models
suggest the existence of an equilibrium between levels of offspring begging and parental food provision,
based on the genetic relationship between parents and offspring (Godfray 1991; Johnson & Grafen 1992;
Godfray 1995b). This equilibrium is based on the fact that begging is a reliable (costly) signal by which
parents obtain accurate information about the resource needs of their nestlings (Godfray 1995b).
However, despite the fact that energetic costs are basic assumptions for most models predicting an

equilibrium between offspring and parental traits related to begging behaviour, three recent studies have
detected the absence of an energetic cost of begging (McCarty 1996; Leech & Leonard 1996; Soler et al.
MS). The level of begging behaviour can be limited by the coadaptation between parental and offspring
characters. If the level of begging is a genetically inherited trait (see Mock & Parker 1998), and if
begging at a high rate is of selective advantage for an individual nestling because it increases the
probability of reaching the adult stage (Mock & Parker 1998 and references therein), all individuals
should be selected to beg at the maximum level. However, an exaggerated offspring begging behaviour
implies an extra-effort for their parents and therefore a decrease in expected lifespan (or fitness) of their
parents (or siblings). This could therefore prevent the evolution of this exaggerated offspring behaviour
(Johnson & Grafen 1992; Briskie et al. 1994; Godfray 1995b). In addition, when an offspring with the
exaggerated begging genotype reaches the reproductive age, their offspring would beg at the same level
as their parents. The exaggeration of begging for food during the nestling stage would therefore have
negative effects on the fitness of adults. This results in an negative genetic correlation between different
individual stages (nestling and adult), which prevents the evolution of an exaggerated begging behaviour
(Alexander 1974).
This genetic correlation does not, however, appear in obligate brood parasites, where the parents not feed
their offspring. The brood parasite offspring is neither genetically related to their foster parents or
siblings. It could therefore be predicted that the level of begging behaviour is higher in brood-parasites
than in non- parasitic nestlings because an exaggerated begging behaviour does not have negative indirect
genetic effects (maternal effects), or reduces fitness of its genetic relatives in obligate brood parasite
species.
In accordance with this prediction, all available literature on begging behaviour of brood-parasite
nestlings report that brood-parasitic nestlings beg more loudly and intensely than do their nest mates of
the host species (Molothrus ater and M. bonariensis: Nice 1939; Gochfeld 1978; Cuculus canorus: Brooke
& Davies 1989; Davies et al. 1998; Clamator glandarius: Redondo 1993; Soler et al. MS). Most of the
theoretical models predict these results on the basis of the absence of a genetic relatedness between
parasitic nestlings and their foster parents (Godfray 1991; Johnson & Grafen 1992; Godfray 1995b).
Thus, being a different species is an inherent advantage for brood-parasite nestlings when eliciting
feeding from their foster parents.

The probability of exploitation of sexually selected traits of hosts signalling good
parental quality
Some adult traits are reliable signals of genetic or parental quality, and thereby selected through a sexualselection process (good-gene, or good-parent sexual-selection process) (Andersson 1994; Møller 1994).
Traits signalling good parental quality are common in most avian species. Thus, such traits probably also
appear in the hosts of brood parasites. Theory on signalling evolution, mostly that considering sexually
selected traits, is mainly based on conspecific communication. Selection favours individuals whose
displays are more efficient at eliciting beneficial responses from the receptors (Johnstone 1997).
However, it is known that signals can also be detected by undesired receptors, such as predators or
parasites (Cade 1979; Turttle & Ryan 1981; Sakaluk & Belwood 1984). These are the costs which prevent
the continuous evolution of exaggerated signals. Therefore, the signals we observe in nature should be
those that strike the optimum balance between these two conflicting pressures for greater effectiveness
and lower fitness costs (Wiley 1983, 1994; Endler 1992, 1993).

Adult brood parasites have the possibility of choosing foster parents for their offspring, not only at the
species level, but also at the individual level. Parental quality of an individual bird is a variable trait, and,
for brood parasites, it would be of selective advantage to select hosts of good parental quality to rear their
offspring (Soler et al. 1995).
Thus, for brood parasites, it would be of great selective advantage to recognise those kind of sexually
selected signals in host species, and then base host selection on such traits. This would be the case when
there is no relationship between the degree of parental quality, reflected by sexually selected traits, and
the degree of defence against brood parasitism. Lotem et al. (1992) found a lower defence level in one
year old than in adults Great Reed Warblers Acrocephalus arundinaceus against the European Cuckoo.
They thereby detected that the parasitism rates in those first years breeding warblers (low parental
quality) were higher than in adults. However, it has been demonstrated that the level of host defence
depends on time of sympatry between the brood parasite and the host population (Soler & Møller 1990;
Briskie et al. 1992). Thus, in a recently parasitised host population, or when parental quality and level of
host defence are not related, brood parasites should select good-parental-quality hosts simply because this
would improve their fitness. Accordingly, Soler et al. (1995) found that the Great Spotted Cuckoo selects
Magpie nests on the basis of nest volume, a characteristic indicating territory quality and willingness to
invest in reproduction.
If brood parasites exert differential selection pressures on individual hosts with an exaggerated sexually
selected trait signalling good parental quality, we would expect a selection for a decrease in that signal to
reach the optimum balance between the conflicting pressures in parasitised, and not parasitised areas. In a
study of 15 different European magpie populations we (Soler et al. in prep.) found that volume of magpie
nests was smaller in areas suffering from parasitism that in those where the Great Spotted Cuckoo was
absent.
In conclusion, avian brood parasites have a potential advantage over non-brood-parasite species, simply
because brood parasites are different species than their foster parents. The brood parasite gains several
benefits, since (1) the risk of infection in brood-parasite nestlings is lower, (2) the costs of an exaggerated
begging behaviour is low for brood parasite nestlings, and (3) brood parasite adults are able to use host
traits signalling good parental quality to choose foster parents for their young. Studies on these aspects are
needed for a better understanding of the brood-parasite / host systems and their coevolutionary
interactions.
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Fig. 1. Risk of directly transmission of pathogens in host and brood parasite nestlings. continuous arrows
represent direct transmission from adult hosts and discontinuous arrows represent transmission mediated
by ectoparasite vectors. Bars represent ectoparasites on adult hosts.

