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Host-Race Formation in the 
Common Cuckoo 

Karen Marchetti,* Hiroshi Nakamura, H. Lisle Gibbs 

The exploitation of a new host by a parasite may result in host-race formation 
or speciation. A brood parasitic bird, the common cuckoo, is divided into host 
races, each characterized by egg mimicry of different host species. Microsat- 
ellite DNA markers were used t o  examine cuckoo mating patterns and host 
usage in an area where a new host has been recently colonized. Female cuckoos 
show strong host preferences, but individual males mate wi th  females that lay 
in the nests of different hosts. Female host specialization may lead t o  the 
evolution of sex-linked traits such as egg mimicry, even though gene flow 
through the male line prevents completion of the speciation process. 

Avian brood parasites lay their eggs in the 
nests of other bird species and raise none of 
their own young, often greatly reducing the 
reproductive success of their hosts. Parasit- 
ism typically results in the evolution of host 
discriinination and rejection of unlike eggs 
which, in turn, selects for improved egg mim- 
icry by the parasite (1, 2). The coininon 
cuckoo, Ct~culus canorus, is divided into dif- 
ferent host races, or gentes, each character- 
ized by egg mimicry (1, 2) but showing no 
differentiation in mitochondria1 or nuclear 
DNA markers (3), which implies rapid host- 
race evolution. The first step in host-race 
formation is the exploitation of a new host, 
followed by adaptation to that host. In central 
Japan, cuckoos began to exploit the azure- 
winged magpie (Cyanopica cj~ana) 20 to 30 
years ago as a result of expansion of the 
magpie's breeding range (4-6). Cuckoos 
also utilize two other hosts in the area: the 
great reed warbler (Aci.ocephalus a~undina- 
ceus) and the bull-headed shrike (Lanius 
bucephaltis) (4-7). To investigate the pro- 
cess of host-race formation in this cuckoo 
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population, we have studied the mating sys- 
tem and patterns of iildividual host use (8) .  

To date, the inating systein of the cuckoo 
has been impossible to determine directly 
because parents do not atteud nests and are 
difficult to catch and mark. We used eight 
cuckoo-specific inicrosatellite DNA markers 
(9) to establish the parentage of 136 chicks 
collected froin known host nests. From these 
data, we determined cuckoo mating patterns 
(monogamous, polygamous, or proiniscuous) 
and individual differences in host use (spe- 
cialist or generalist). We captured and geno- 
typed 83 adult males and 79 adult females. 
Adult cuckoos were sexed on the basis of 
behavioral observations (4- 6) 01. by use of a 
DNA-based sex identification test (10). Ex- 
ainination of variation at the different micro- 
satellite loci enabled us to assign at least one 
sampled adult as the parent of 84% (1 14 out 
of 136) of nestlings sampled with a high 
degree of confidence ( P  < 0.01) (11). We 
assigned parentage only if parent or parents 
and offspring matched una~nbiguously at 
eight out of eight inicrosatellite loci (12). 

To detennine cuckoo mating patteins, we 
examined whether adults that produced more 
than one offspring also mated with more than 
one individual. The mating system is poly- 
gamous, with substantial numbers of both 
male and female cuckoos having multiple 
partners (Fig. 1). Previous studies implied 
that common cuckoos mate multiply (1, 5, 
13), and a recent molecular study has shown 
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polygamous mating in a different cuckoo spe- 
cies (14). There are no demonstrable sex dif- 
ferences in the proportion of individuals that 
had multiple inates [within years, individuals 
being included only once, 7 out of-15 males 
and 3 out of 18 females had more than one 
mate (Fisher exact test, P = 0.13)]. 

To detenniile patteins of host use (special- 
ist or generalist), we examined whether indi- 
vidual cuckoos that produced more than one 
offspring had offspring in the nests of more 
than one host species. Among males and 
fernales that were parents to two or more 
chicks, there were siinilar numbers of chicks 
(Fig. 2) (n = 92 chicks in males and 93 in 
females), but they were distributed different- 
ly. Seven of the 19 inales but only 2 of the 24 
females had offspring in nests of,more than 
one host (Fisher exact test, P < 0.05).  Thus, 
male and female cuckoos differ in host spec- 
ificity, and males are more generalized in 

1 2 3 
Number of mates 

Fig. 1. Number of mates per individual male (A) 
and female (B) during 1991-1994. Only individ- 
uals producing more than one offspring are in- 
cluded. Individuals are tallied across all years 
combined (hatched bars) as well as separately for 
each season (black bars). In the latter case, if an 
individual had two or more offspring in more than 
1 year, it was scored separately for each year. 
Total sample sizes are as follows: males within 
years, 19; males across years, 25; females within 
years, 21; females across years, 29. 
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their host use than females. 
Individuals that mated multiply had partners 

drawn from both their own and different host 
races, indicating that a high level of autosomal 
gene flow is occurring between host races [a 
conservative estimate of gene flow is about 9% 
between gentes through the male line alone 
(15)l. The high gene flow arises because there is 
movement through the study area (5) and be- 
cause a few males gain many of the matings (as 
suggested by Fig. 2). For example, alinost two- 
thirds of males (65%) and half of females (50%) 
sampled were not assigned any offspring. 

Colonization by Japanese cuckoos of at 
least one host species (the azure-winged mag- 
pie) has occurred veiy recently relative to host 
colonizatioil by European cuckoo gentes (4, 
16). Unlike the Japanese population ( 6 ) ,  differ- 
ent European gentes exhibit marked differences 
in egg characteiistics that often shongly mimic 
those of their particular hosts (2) but show no 
detectable differentiation in mitochondria1 or 
inicrosatellite DNA markers (3). Females from 
a particular gens lay eggs in the nests of hosts 
other than their own 5 to 10% of the time in 
Europe (17), which is similar to the levels 
docunlented here for Japan. 

Because selection pressure on cuckoos to 
evolve mimetic eggs is imposed directly by 
the host, behavioral specialization on a par- 
ticular host is required for the evolution of 
egg miiniciy. An imprinting process by 
which females return to the same host in 
which they were raised can explain the sim- 
ilar degrees of host specificity observed in old 

Indl~ldual females 

Fig. 2. Host use by individual males (A) and 
females (B) that produced more than one off- 
spring during 1991-1994. An additional 10 
males and 16 females were assigned a single 
nestling. Hosts are the great reed warbler (black 
bars), azure-winged magpie (hatched bars), and 
bull-headed shrike (white bars). 

[European (17)] and recent [Japanese ( 4 1  
gentes as well as the rapid evolution of host 
specificity observed in Japanese cuckoos. Fe- 
males in Japan exhibit behavioral host spe- 
cialization, but this is not accompanied by 
much differentiation in egg characteristics. 
However, cuckoo egg types do vaiy some- 
what among the different hosts, and nests of 
the recently parasitized azure-winged magpie 
contain eggs resembling the types of each of 
the other two gentes (6 ) .  This suggests that 
multlple females began to parasitize magpies 
as their breeding range expanded (6). Such 
behavloral host specialization by females 
may eventually lead to the evolution of fe- 
male-specific sex-linked egg mimicry (18). 

The use of hosts by cuckoos differs froin 
many arthropod parasite systems in that exploi- 
tation of hosts affects the fecundity but not the 
survival of the parasite (19). Because male fe- 
cundity is generally increased by multiple mat- 
ing but female fecundity is increased by survival 
of her offspring, host race exploitation creates a 
conflict between the sexes. We suggest that the 
resolution of this conflict in the comrnon cuckoo 
has resulted in the evolution of egg mimicry 
(IS), but high levels of male gene flow 
prevent completion of the speciation pro- 
cess. Ainong avian brood parasites this is 
not always the case (20, 21). In African 
parasitic finches, both male and feinale 
chicks learn the songs of their hosts, and 
song forms the basis of inate recognition 
(20). Soine African cuckoos are also divid- 
ed into species rather than host races (21). 
In both of these examples there has been a 
cessation of gene flow through the male and 
the female line, presumably attributable to 
behavioral factors and geographical separa- 
tion of potential parasites. 
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