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Rejection of parasitic eggs is one of the most important adaptations of avian hosts 
against brood parasites. Multiple brood parasitism is relatively rare in hosts of the 
common cuckoo (Cuculus canorus), but naturally occurs when the rate of parasitism is 
high. We experimentally parasitised great reed warbler (Acrocephalus arundinaceus) 
clutches with non-mimetic and moderately mimetic model cuckoo eggs. In the case 
of single parasitism, each egg type was rejected at the same rate (68%–75%), but in 
the case of multiple parasitism, the rejection rate significantly increased to 96%. So 
multiple parasitism is in some way facilitating anti-parasite behaviour in the host. 
We suggest that when parasitism rate reaches high levels, e.g. at the beginning of the 
coevolutionary arms race, multiple parasitism may be an important component of the 
host’s adaptation to brood parasitism in general.

Introduction

Brood parasitism by the common cuckoo (Cucu-
lus canorus) represents a potential cost for at 
least one hundred species of small passerines 
(Moksnes & Røskaft 1995). Traditionally, the 
reproductive strategies of brood parasites and 
their hosts have been viewed as good models for 
the study of coevolutionary processes (Rothstein 
& Robinson 1998). Coevolutionary interactions 
lead to the evolution of a series of adaptations 
and counteradaptations at both sides of host-
parasite pairs leading to an evolutionary arms 
race (Dawkins & Krebs 1979, Davies & Brooke 

1988, Rothstein 1990), with winners of the arms 
race exhibiting the strongest counteradaptive 
mechanisms (Honza et al. 2004, Lovászi & 
Moskát 2004).

Several host-specific races exist in the 
common cuckoo, and these are called “gentes” 
(e.g. Jourden 1925, Chance 1940, Davies 2000). 
Although some common cuckoo gentes para-
sitise several host species (Honza et al. 2001), 
the females of each gen lay eggs of a constant 
type that usually resembles the coloration of 
the main host species’ eggs (Brooke & Davies 
1988, Moksnes & Røskaft 1995). On the one 
hand, one could expect that the different eggshell 
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appearances (both in base-colour and markings) 
in cuckoo gentes result from selection pressures 
arising from the continuing arms race between 
the parasites and their hosts. On the other hand, 
host species are under strong selection pres-
sure to discriminate alien eggs from their own, 
and this is probably the major selection pres-
sure that favoured the evolution of different 
cuckoo gentes. In general, the act of parasitism is 
described whereby the cuckoo female alights on 
the host’s nest, removes one or more of the host 
eggs randomly (Davies & Brooke 1988, Moskát 
& Honza 2002), and lays one of her own eggs 
directly into the nest (Gärtner 1981, Wyllie 1981, 
Moksnes et al. 2000, Honza et al. 2002).

In the light of this scenario, some researchers 
have studied the reactions of the hosts towards 
model cuckoo eggs with different appearances 
(e.g. Haartman 1976, 1981, Järvinen 1984, 
Davies & Brooke 1989a, Brown et al. 1990, 
Moksnes et al. 1990, Moskát & Fuisz 1999, 
Bártol et al. 2002) or eggs with varying sizes 
(Alvarez 2000, Marchetti 2000). However, most 
of these studies examined host responses to single 
parasitism, where one model or conspecific egg 
was swapped with one host egg, or alternatively, 
an alien egg was simply added to the host clutch. 
The situation where the host clutch is multiply 
parasitised, i.e. at least two foreign (natural or 
model) eggs appear in the host nest, has been 
largely unexplored. The proportion of multiply 
parasitised nests by the common cuckoo varies 
across host species, between populations and 
geographical regions of the same host species, 
although overall this phenomenon is relatively 
rare (i.e. only 469/11 268 clutches were found 
to be multiple parasitised in European museums; 
M. Honza et al. unpubl. data). Nonetheless, some 
localised host populations exhibit frequent multi-
ple parasitism by cuckoos (e.g. in the great reed 
warbler (Acrocephalus arundinaceus) in Hun-
gary it was 36% between 1940 and 1942 (Molnár 
1944), and also 36% in 1998 and 1999 (Moskát 
& Honza 2002)). In North-American brood para-
sitic systems (Molothrus spp. and their hosts), 
where multiple parasitism is relatively common 
(Linz & Bolin 1982, Orians et al. 1989, Hauber 
& Russo 2000, Hauber 2001) several experimen-
tal multiple parasitism studies have been con-
ducted (Rothstein 1982, Ward et al. 1996).

Despite the great interest in cuckoo-host 
adaptations to brood parasitism, no studies have 
reported responses of hosts towards multiple 
parasitism. The great reed warbler is a well-
known cuckoo host within its Palearctic range 
and parasitised nests have been found both in 
Europe (Molnár 1944, Moksnes et al. 1993, 
Moskát & Honza 2000, 2002) and Asia (Lotem 
et al. 1995, Higuchi 1998, Nakamura et al. 
1998). To remedy this shortage of information on 
the behavioral responses of cuckoo hosts to both 
single and multiple parasitism, we conducted a 
series of experiments to explore reactions of the 
great reed warbler to several parasitic situations. 
More specifically, we studied the reaction of this 
species towards single and multiple parasitism. 
We hypothesise that multiple parasitism facili-
tates host-egg rejection, so we predict higher 
rejection rates when clutches were parasitised 
by two foreign eggs than in the cases when each 
clutch contained only one parasitic egg.

Material and methods

Study area

The study site was part of the irrigation and flood 
relief channels in the surroundings of the village 
Apaj (47°07´N, 19°06´E), about 50 km south 
of Budapest in Hungary. We searched system-
atically for great reed warbler nests during the 
breeding season between 15 May and 15 July in 
1998–2001. We located the nests in vegetation 
consisting mostly of common reed (Phragmites 
australis), surrounding the channels in 3–5 m 
wide strips along both sides (for a more detailed 
description of the study area see Moskát & 
Honza 2000).

Experimental procedures

Most nests were found during building stage 
or at the beginning of host egg laying. On the 
day when the fourth egg was laid (four eggs is 
median clutch size for this species — authors’ 
unpubl. data) we replaced one of the host’s eggs 
with one artificial egg of the two colour types 
(see below), resembling a real cuckoo egg. Two 
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colours were used randomly (colour codes were 
measured on the PANTONE 1995 scale): (1) 
“Bluish egg”: the background colour of this type 
was bluish (colour code: 317C). (2) “Beige egg”: 
the background colour was extra light sepia, sim-
ilar to beige (colour code: 614C). Spots on both 
types of artificial eggs were painted using dark 
brown (code: 462C) and sepia (code 457C). In 
multiple parasitism experiments we followed the 
same procedure, except that here, two host eggs 
were replaced with either two artificial or two 
real painted host eggs. The artificial cuckoo eggs 
were similar in size and weight to real cuckoo 
eggs, were made of synthetic clay, and painted 
with acrylic paints. Real eggs were collected 
from abandoned or partially predated great reed 
warbler nests and painted by the same colour 
as artificial eggs to resemble model cuckoo 
eggs. As we did not find any difference in host 
responses in multiple parasitism towards model 
and painted real eggs, neither in rejection rate 
(Fisher exact test: p > 0.05), nor in time of host 
reactions (Kolmogorov-Smirnov test: Z = 0.5, 
p > 0.05), so we combined multiple experiment 
results based on the two egg types. After the 
experimental trial, nests were monitored daily 
for six consecutive days, following the suggested 
protocol of Moksnes et al. (1990). If a clutch 
failed (i.e. was depredated or destroyed by bad 
weather), the nest was excluded from the experi-
ments and the analyses.

In order to asses the quality of the mimicry 
of the experimental eggs, we photographed most 
of the clutches using a Nikon camera and either 
a circular flash, using Kodak 100 ASA film, or 
Kodak 200 ASA film without a flash. Photo-

graphs were taken in a standardised procedure: 
all eggs were placed on a Kodak Grey Card 
together with a Kodak Colour Card.

The quality of the mimicry was evaluated 
by four persons all of whom were unaware of 
the origin of the eggs that they were assessing. 
Slides of clutches were scaled from 1 to 5 for 
mimicry (1 = the best mimic and 5 = the poor-
est mimic, for details see Moksnes & Røskaft 
1995). These measurements revealed that the 
beige colour egg had a mimicry score with the 
mean 3.64, S.D. = 0.68, n = 16 and this evalu-
ation, as assessed by humans, showed a high 
level of concordance (W = 0.59, h2 = 35.74, d.f. 
= 15, p < 0.001). Bluish eggs exhibited greater 
mimicry with the mean 2.84, S.D. = 0.82, n = 25. 
Kendall’s coefficient of concordance: W = 0.64, 
h2 = 62.02, d.f. = 24, p < 0.001. The difference in 
mimicry of the two groups proved to be statisti-
cally significant (t = 3.12, d.f. = 39, p < 0.001). 
Therefore, we considered “beige eggs” as poorly 
mimetic or non-mimetic, and “bluish eggs” as 
moderately mimetic.

Statistical analyses were carried out with 
SPSS v. 11 for MS Windows. All tests were two-
tailed.

Results

Reactions towards the parasitic eggs

Hosts responses to experimental parasitism both 
in single and multiple parasitism are shown in 
Table 1. Host reactions, namely acceptances and 
rejections of the parasitic eggs did not show any 

Table 1. Host responses towards parasitic eggs experimentally introduced in great reed warbler nests mimicking 
single and multiple parasitism (n = number of nests). (Beige and bluish reflects to the ground colour of artificial 
paintings on model cuckoo eggs. Both egg types were maculated with dark brown. Beige eggs mimicked poorly, but 
bluish eggs mimicked moderately the hosts’ eggs.)

Parasitism Type of parasitic egg Number of nests Total
 
  Accepted Deserted Ejected
   
  n % n % n % n

Single beige 6 31.6 0 0 13 68.4 19
 bluish 11 24.2 1 2.1 33 73.2 45
Multiple beige and bluish 1 4 4 16 20 80 25
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difference for the two egg types used in “single” 
parasitism experiments ( h2 = 0.08, d.f. = 1, p 
> 0.5). When we pooled the data from the two 
experimental groups, the proportion of accept-
ances in single parasitised nests was higher 
(23.9%, 17/64) than in multiple parasitism (4%, 
1/25) (Fisher exact test: p = 0.01).

Most of the eggs were rejected within one day 
after experiments with the model cuckoo eggs 
started (Table 2). No difference was revealed 
between the two egg types in single parasitism 
(Kolmogorov-Smirnov test: Z = 0.5, p > 0.05), 
and between single and multiple parasitism 
(Kolmogorov-Smirnov test: Z = 0.63, p > 0.05). 
These results suggest that great reed warblers 
easily recognised and then rejected both colour 
variants of the experimental eggs. On one hand, 
multiple parasitism allows hosts to recognise 
brood parasitism more easily than single parasit-
ism. On the other, hosts have to reject two alien 
eggs from their nests, which makes antiparasite 
defence more costly in multiple parasitism than 
in single parasitism because of higher recogni-
tion and ejection costs. Our results show that 
the sum of these opposite effects did not change 
hosts’ response time.

Rejection costs

All painted real eggs added into the nests were 
ejected without any damage to the host eggs, but 
ejection attempts of the plastic eggs led to the 
occasional disappearance of the hosts’ own eggs. 
In single parasitised nests, in two out of 46 cases 
of rejection host eggs disappeared together with 
artificial eggs, whereas in multiply parasitised 
nests the proportion of such cases (5 out of 9) 
was significantly higher (Fisher exact test: p < 

0.05). Finally, only a single case of recognition 
error (where a host egg was missing instead of 
the parasitic egg(s)) took place out of 66 cases 
of ejection.

Discussion

Reactions towards parasitic egg(s)

There is general consensus that parasitic eggs 
tend to be rejected if they differ from host eggs, 
something which has been shown specifically 
in the great reed warbler (Bártol et al. 2002). 
The role of intraclutch variation in recognition 
and rejection of parasitic eggs is not so clear 
(Davies & Brooke 1989b). Stokke et al. (1999) 
found a negative relationship between intra-
clutch variation and rejection of non-mimetic 
artificial cuckoo eggs in the reed warbler. A posi-
tive effect of intraclutch variation on rejection 
rate was shown with the great reed warbler in 
Japan (Lotem et al. 1995), but experimentally 
increased intraclutch variation did not change 
the rejection rate of parasitic eggs in this host 
species in Hungary (Karcza et al. 2003). A com-
parison of our experimental results with those 
obtained on natural parasitism in the same area 
suggests similar rates of rejection — Moskát & 
Honza (2002) found that of 163 naturally parasi-
tised nests, in 108 cases (66%) cuckoo eggs were 
accepted, but the acceptance rate was only 24% 
for moderately and poorly mimetic cuckoo eggs. 
In our experiments we used moderately mimetic 
eggs, and despite our study population suffering 
heavy parasitism, to our surprise a considerable 
proportion of parasitic eggs was accepted. These 
findings could be explained by migration from 
highly reproductive unparasitised populations to 

Table 2. Time elapsed from experimental parasitism in great reed warbler nests until the rejection of the parasitic 
egg, used for experiments of single and multiple parasitism. (For more details on eggs see Table 1 and Material 
and methods.)

Parasitism Type of parasitic egg Day of rejection Total
 
  1 2 3 4 5 n

Single beige 5 2 3 3 0 13
 bluish 24 9 1 0 0 34
Multiple beige and bluish 18 6 1 0 1 25
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parasitised populations with low reproduction 
in a metapopulation structure (Moskát & Honza 
2002, Barabás et al. 2004; see also Lindholm 
1999). In addition, migration between unparasi-
tised and parasitised populations delays evolu-
tion of host adaptations (Røskaft et al. 2002, 
Barabás et al. 2004). Our results suggest that 
hosts were able to identify most of the model 
cuckoo eggs easily, therefore rejection rates were 
at least twice (over 68%) as high as those of real 
cuckoo eggs (34%; Moskát & Honza 2002). For 
the well-recognised model eggs hosts chose the 
ejection method of rejection, despite the hard 
shell of model cuckoo eggs.

The evolutionary significance of multiple 
brood parasitism

Our results differ from a similar study on mag-
pies (Pica pica), hosts of great spotted cuck-
oos (Clamator glandarius), where hosts rejected 
both the mimetic and non-mimetic model eggs 
at the same rate, regardless of whether parasit-
ism was simulated in single or multiple experi-
ments (Soler & Møller 1990). The recognition 
systems are concerned with the response of an 
evaluator to perceived cues and based on the 
dissimilarity of those cues compared with a 
template (Liebert & Starks 2004). This can be 
applied also for cuckoo-brood parasitic system. 
Starks et al. (1998) showed that discrimination 
thresholds become more restrictive and hosts 
are most likely to discriminate when more cues 
are present. Therefore it is natural to expect that 
multiple experimental parasitism on great reed 
warblers appears to facilitate egg recognition 
by hosts. This effect may play an important 
role in stages of the arms race when the parasit-
ism rate is high. In new cases of parasitism, in 
particular, the parasitism rate may quickly rise 
to over 50%, but fall again later (Takasu et al. 
1993). Another scenario might be when hosts 
form a metapopulation, and there is migration 
between parasitised and unparasitised subpopu-
lations (Barabás et al. 2004). In such cases the 
parasitism rate might rise to over 50%, with 
high level of multiple parasitism, as was found 
in great reed warblers in Hungary (Moskát & 
Honza 2002).

Rejection costs

In our experiments we recorded no rejection cost 
when great reed warblers rejected real experi-
mental eggs, but in another Hungarian popu-
lation about 80 km away from our study site 
Molnár (1944) reported recognition errors while 
rejecting parasitic egg in 28% of ejections. In 
addition, rejection costs to the hosts were rela-
tively high in our naturally parasitised popula-
tion (Moskát & Honza 2002). In the areas with 
poorer egg mimicry hosts make the mistake of 
ejecting or destroying their own eggs instead 
of parasite eggs more rarely (in Japan, less than 
1%, Lotem et al. 1992). Rejection costs are nor-
mally high in good rejecter species, such as the 
red-backed shrike (Lanius collurio) (Moskát & 
Fuisz 1999), the blackcap (Sylvia atricapilla) 
(Honza et al. 2004) and the chaffinch (Fringilla 
coelebs) (Stokke et al. 2002), where a posi-
tive relationship exists between the degree of 
mimicry of parasitic eggs, and rejection costs. A 
possible explanation for this difference could be 
that natural cuckoo eggs were highly mimetic, as 
opposed to the experimental eggs we used in our 
experiments.

To summarize, our results suggest that mul-
tiple parasitism might have important evolution-
ary consequences. Recognition of the parasitic 
egg seems to be easier in multiple parasitism, 
which may help hosts in learning the parasitic 
eggs. Further research is needed to investigate 
how multiple parasitism may accelerate host 
defenses against the brood parasite.
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