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In avian host–brood parasite co-evolution, hosts develop antiparasite defence mecha-
nisms against the brood parasite. Great reed warblers (Acrocephalus arundinaceus) 
exhibit intensive nest defence against common cuckoos (Cuculus canorus) and mod-
erate egg rejection. Rejection of model cuckoo eggs is about two times greater than 
real eggs. Great reed warblers attacked a mounted cuckoo at nests in similarly high 
frequencies over the breeding cycle (86%–93%), but rejection rates of non-mimetic 
model cuckoo eggs increased from laying until early incubation from 69% to 92%, 
then decreased to 44% in late incubation. Temporal changes in the risk of parasitism 
were followed by the changes in egg rejection suggesting that egg rejection behaviour 
is primarily a risk-sensitive adaptation to brood parasitism, although hosts were not 
able to switch off egg rejection totally in the risk-free periods. In contrast, nest defence 
seems to be the compound effect of antiparasite defence and predator avoidance.

Introduction

The common cuckoo (Cuculus canorus; hereaf-
ter ‘cuckoo’) is a well-known avian brood para-
site, exploiting passerine birds in the Palearctic 
(Wyllie 1981). Hosts of the cuckoo develop 
antiparasite defences against the brood parasite 
to reduce the cost of parasitism (e.g. Davies & 
Brooke 1988, 1989, Moksnes et al. 1990). They 
might recognise this brood parasite as a distinc-
tive enemy (Duckworth 1991, but see Honza et 
al. 2004a). Nest defence against cuckoos in 53 
potential cuckoo hosts in Europe was higher in 
sympatry than allopatry with the cuckoo (Røskaft 
et al. 2002). If nest defence is not successful, 

hosts may have a second opportunity to reduce 
the consequences of brood parasitism by reject-
ing the parasitic eggs from nests (e.g. Davies & 
Brooke 1988, 1989, Moksnes et al. 1990). Nest 
defence and egg rejection in cuckoo hosts was 
highly correlated, representing the same level 
in the coevolutionary arms race (Moksnes et 
al. 1990). The strongest egg rejection and nest 
defence was found in abandoned hosts of the 
cuckoo, the winners of the arms race, including 
the red-backed shrike Lanius collurio (Lovászi 
& Moskát 2004). A similar example is the black-
cap Sylvia atricapilla, which shows high rejec-
tion rates against parasitic eggs (Honza et al. 
2004b) and relatively high aggression against 
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cuckoos (Røskaft et al. 2002). Alternatively, in 
hosts of other brood parasites, nest defence and 
egg rejection might be antagonistic (Soler et al. 
1999, Neudorf & Sealy 1992).

It is believed that intensity of an antiparasite 
defence mechanism is related to the risk of para-
sitism, which is high in a host’s egg laying stage 
and absent after early incubation (Moskát & 
Honza 2002). For this reason changes of differ-
ent antiparasite defence mechanisms in time may 
show similar patterns. On the other hand, cuck-
oos may predate host eggs (e.g. Alvarez 1994, 
Moksnes et al. 2000) or host nests with nestlings 
(e.g. Varga 1994, Kinoshita & Kato 1995, Kim 
& Yamagishi 1999), probably forcing hosts to 
renest when there is a lack of suitable nests 
(Gärtner 1981, Wyllie 1981). Cuckoos’ predation 
on hosts’ nests may reach a high level; in the reed 
warbler it was 2–4 times higher than clutch loss 
attributable to pure parasitism (Schulze-Hagen 
1992). For this reason hosts might also regard 
cuckoos as nest predators, consequently aggres-
sion against cuckoos is expected to show a high 
level during the entire breeding cycle. Unfortu-
nately, most studies on nest defence in cuckoo 
hosts is restricted to the egg laying period (but 
see Moksnes et al. 1990, Duckworth 1991, Grim 
2005), and there is a paucity of information on 
the pattern of changes in this defence mechanism 
throughout breeding.

In the present study I compared two types of 
great reed warblers’ Acrocephalus arundinaceus 
antiparasite defence mechanisms against cuck-
oos, i.e. nest defence and egg rejection, focus-
ing on their changes over the breeding cycle. I 
measured aggression against the brood parasite 
at host nests by using stuffed cuckoos, while 
egg rejection towards parasitic eggs by using 
non-mimetic model cuckoo eggs. I hypothesised 
that (i) egg rejection by hosts developed to 
avoid the consequences of brood parasitism, but 
nest defence had a wider role, because cuckoos 
are also nest predators. Although I predicted 
similar tendencies in changes of frequencies in 
nest defence and egg rejection in the egg laying 
period, high aggression against cuckoos and no 
or minimal egg rejection was expected in the rest 
of the breeding cycle. I also hypothesised that 
(ii) only egg rejection changed with the risk of 
brood parasitism during the breeding cycle. Thus 

I expected similar patterns for the intensity of the 
risk of parasitism and egg rejection behaviour, 
but different patterns for the risk of parasitism 
and nest defence.

Material and methods

The study was conducted in the Hungarian Great 
Plain, ca. 40–50 km south of Budapest, in the 
surroundings of Bankháza and Apaj villages 
(47°07´N, 19°05´E). Great reed warbler nests 
were found in narrow, 3–5 m wide, strips of 
reed-beds along both sides of small channels (for 
more details see Moskát & Honza 2002). Great 
reed warblers are parasitised by cuckoos at an 
unusually high rate (ca. 64%; Moskát & Honza 
2002), and immigration of hosts from unparasi-
tised or lowly parasitised areas might be neces-
sary to maintain this highly exploited host popu-
lation (Barabás et al. 2004). Great reed warblers 
showed moderate rejection ability of real cuckoo 
eggs in natural parasitism (ca. 33%; Moskát & 
Honza 2002), and more intensive rejection of 
model cuckoo eggs (ca. 71%–76%; Bártol et al. 
2002, Moskát et al. 2002).

Presenting a mounted brood parasite or its 
model at the nest is a suitable method to measure 
aggression of hosts towards the parasite (Sealy 
et al. 1998, Røskaft et al. 2002, Grim 2005). I 
placed a stuffed cuckoo 0.5 m from the nest at 
the same altitude and played cuckoos’ ‘bubbling 
calls’ from a tape recorder during the experi-
ment. Three stuffed cuckoo mounts were used 
to avoid pseudoreplication. Results were catego-
rised as follows: (1) aggression (attack or mob-
bing); (2) no aggression (looking at or no reac-
tion). I defined mobbing as follows: the hosts 
were flying around the dummy or diving at it, but 
did not touch it. In an attack the host vigorously 
attacked the dummy and touched it (Moksnes 
et al. 1990). Observation time was 5 minutes, 
but the experiment was abruptly finished when 
hosts attacked the cuckoo, in order to protect the 
mounted cuckoo from damage. Generally, birds 
fiercely attacked the mounted cuckoo within 1–3 
minutes after it was positioned, and emitted loud 
alarm calls. No case of mobbing was observed 
in great reed warblers, but Bártol et al. (2002) 
reported one case (2.5%) out of 40 experiments. 
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They reported that great reed warblers more 
frequently (82.5%) attacked the mounted cuckoo 
than the collared dove Streptopelia decaocto 
(10%), which was used as a neutral (control) 
species. As the study by Bártol et al. (2002) was 
carried out within the period of the present study, 
in the same study area and on the same species, 
using the same protocol, and no year effect was 
found in hosts’ egg rejection or nest defence 
(see later), for the sake of simplicity aggression 
experiments with the neutral species were not 
repeated in the present study.

Artificial cuckoo eggs were used to parasitise 
nests experimentally. Nests were parasitised at 
the following stages: egg laying (0–1 days, 2–3 
days and 4–5 days after the first egg was laid), 
early incubation (1–3 days after clutch comple-
tion), late incubation (2–5 days before hatching) 
and nestling stage (1–4 days after hatching). 
Artificial eggs were made of plastic (synthetic 
clay); their size, weight and colour were stand-
ardised to a real non-mimetic cuckoo egg (for 
more details see Moskát et al. 2002). In experi-
mental parasitism I exchanged one host egg with 
the experimental egg in naturally unparasitised 
great reed warbler nests. In the nestling stage I 
added the experimental egg to the clutch. Experi-
mental nests were monitored daily for six addi-
tional days after experiments, or until rejection 
of the parasitic egg. In the late incubation stage 
experiments were finished if nestlings hatched 
from the eggs. Each experiment might give any 
of three alternative results: (1) acceptance, (2) 
ejection, and (3) nest desertion (see Moskát et al. 
2002 for more details). Each nest was used only 
once, either for a nest defence experiment, or for 
one of the egg rejection experiments.

The study was carried out between 1998 and 
2004. Previous studies evaluating egg rejection 
ability of great reed warblers with different egg 
types were not able to demonstrate any year-
effect for the same period and study site (e.g. 
Karcza et al. 2003, C. Moskát, T. Székely, I. C. 
Cuthill & T. Kisbenedek unpubl. data). There 
was no difference in egg rejection in incomplete 
(in the laying stage) or complete (in the early 
incubation stage) clutches at the beginning of 
the experiments with non-mimetic model cuckoo 
eggs (Moskát et al. 2002). Because I did not find 
any year effect in host reactions against experi-

mental eggs nor cuckoo mounts in the present 
study (Fisher’s exact test: P > 0.50 for all cases), 
I combined the data collected in different years 
into one category.

Statistical analyses were carried out with 
STATISTICA 6.0 and SPSS 10.0. All statistical 
tests were two-tailed.

Results

Eighty-two experiments with model cuckoo eggs 
proved to be successful i.e. were not depredated 
or lost for any reason (Table 1). Great reed war-
blers rejected almost all model cuckoo eggs by 
ejection, except in the first category, i.e. when the 
nest was still empty or only one host egg was in 
the clutch (3 ejections and 9 desertions out of 12 
rejections). These responses differed from those 
in the second category, i.e. clutches with 2–3 
eggs, where only 1 desertion, but 13 ejections 
were observed (Fisher’s exact test: P < 0.001). 
Although hosts used methods for rejection in 
different frequencies in the first two categories, 
rejection rates proved to be the same (Fisher’s 
exact test: P = 1.000). Ejection cost (sensu Davies 
& Brooke 1988), i.e. when one or more host eggs 
were ejected mistakenly when the parasitic egg 
was ejected successfully, was observed in 11 
cases out of the 42 ejections from the egg-laying 
stages to the late incubation stage. (The nestling 
stage was not suitable for such type of compari-
son.) Generally one or two host eggs, and on one 
occasion 4 eggs, were mistakenly ejected from a 
clutch together with the model cuckoo egg (Table 
1). The number of ejections in different stages of 
nests did not correlate with the number of nests 
where ejection had a cost (RSpearman = 0.395, P = 
0.511), and similarly, no correlation was revealed 
between the number of rejections and the number 
of rejections with cost (including nest desertions; 
sensu Stokke et al. 2002) (RSpearman = 0.730, P = 
0.161). In the early incubation stage hosts ejected 
the parasitic eggs with the lowest number of 
mistakes (Table 1), however, the highest ejection 
rate was also found in this stage. In the first stage, 
‘laying 0–1’, was found to hold the highest pro-
portions of errors both in ejection and rejection 
(Table 1). Although the sample size was low for 
ejections in this category (2 ejections with cost 
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out of 3 ejections), hosts suffered rejection costs 
in 9 out of 17 nests due to the 6 nest desertions 
(Table 1). Recognition error, i.e. the rejection of 
hosts’ own eggs without successful rejection of 
the parasitic egg (Davies & Brooke 1988) was 
found in only two cases (Table 1).

Hosts’ responses to experimental parasitism 
during egg-laying, i.e. in the first three categories, 
proved to be highly analogous ( h2-test with con-
tinuity correction: h2 = 0.169, df = 2, P = 0.919), 
therefore I combined the first three categories into 
one under the term ‘laying stage’ for further anal-
yses (except for evaluation of time of rejection 
when a more detailed analysis was conducted). 
Hosts’ responses to parasitism with non-mimetic 
cuckoo eggs showed significant differences over 
the whole breeding cycle when acceptances and 
rejections were compared in the laying, early 
incubation, late incubation and nestling stages 
( h2-test with continuity correction: h2 = 9.888, 
df = 3, P = 0.020). Frequency of rejections was 
69% in the laying stage and increased to 92% in 
the early incubation stage (Fisher’s exact test: P = 
0.187). There was a significant change in hosts’ 
responses from early incubation to late incubation 
as the rejection rate decreased from 92% to 44% 
(Fisher’s exact test: P = 0.046). Rejection rates in 
late incubation and the nestling stage (29%) did 
not differ significantly (Fisher’s exact test: P = 
0.633). However, accidental expulsion of model 
eggs from nests by nestlings might also occur in 
the nestling stage, as nestlings on occasion reject 
unhatched eggs from nests (C. Moskát unpubl. 
data). This effect might increase rejection rate in 
the nestling stage.

Most ejections were observed in the ‘laying 
2–3’, ‘laying 4–5’, ‘early incubation’ and ‘late 
incubation’ stages, where time of ejections were 
not significantly different (Table 1; ANOVA: F 
= 0.191, P = 0.902). In these categories hosts 
ejected the model cuckoo eggs within 1.75–2.07 
days.

Great reed warblers attacked the mounted 
cuckoo in 86% of cases (12/14) in the egg laying 
stage, 93% (13/14) in the late incubation stage, 
and 88% (7/8) in the nestling stage. None of the 
differences between categories proved to be sig-
nificant ( h2 = 0.382, df = 3, P = 0.826).

Rejection rates and intensity of the nest 
defence in the laying, late incubation and nes-

tling stages are presented in Fig. 1. These two 
types of antiparasite defence showed high simi-
larity in the laying stage (Fisher’s exact test: P 
= 0.319), but rejection rate decreased in the later 
stages while nest defence remained the same. 
In the latter two categories differences between 
frequencies of aggression and rejection proved 
to be significant (Fisher’s exact test: P = 0.018 
and P = 0.040 in the late incubation and nestling 
stages, respectively).

Discussion

My study provided two key results: (i) Nest 
defence and egg rejection showed a different 
pattern during the breeding cycle, i.e. the fre-
quency of egg rejection was more variable than 
the stable and robust nest defence. (ii) The pat-
tern of changes in egg rejection related better to 
the risk of parasitism than to the pattern of nest 
defence throughout the entire breeding cycle. 
Hosts reduced egg rejection when the risk of 
parasitism disappeared. This seemingly super-
fluous egg rejection ability may increase effi-
ciency of this antiparasite defence mechanism 
against unusually late parasitisms, and the cost 
in maintenance of this ability is probably low 
or negligible. However, I observed some cost of 

Fig. 1. Changes of rejection rate and nest defence 
over the breeding cycle in the great reed warbler. 
Rejection rate (rejection/all experiments expressed 
as percentages) was measured by using non-mimetic 
model cuckoo eggs and nest defence measured as 
aggression against stuffed cuckoo (aggression/all trials 
expressed as percentages).
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rejection in almost all of the categories over the 
breeding cycle, indicating that maintaining the 
rejection behaviour by great reed warblers is not 
cost-free, similarly to cases of natural cuckoo 
parasitism (Moskát & Honza 2002). The latter 
study on natural cuckoo parasitism revealed a 
higher level of recognition errors (i.e. when the 
parasitic egg was accepted but one or more host 
eggs were ejected from nest) than the present 
study for non-mimetic model cuckoo eggs, sug-
gesting that non-mimetic cuckoo eggs are easier 
to recognise and reject for this host species than 
natural cuckoo eggs. In the present study I found 
the highest egg rejection after clutch comple-
tion. Some rejecters do not inspect their clutches 
closely until they are complete and incubation 
begins. A similar effect was observed in the 
reed warbler Acrocephalus scirpaceus (Davies & 
Brooke 1989) and the red-backed shrike (Moskát 
& Fuisz 1999). Although there was no risk of 
parasitism in late incubation and in the nes-
tling stage, I observed an intensive nest defence 
and a moderate egg rejection in these stages. 
Egg rejection seems to be unnecessary from the 
middle of incubation until nestlings fledge out of 
nests. In accordance with these findings Honza 
et al. (2002) revealed with radio-tracked cuck-
oos that females visited nests in any stage from 
‘before laying’ to ‘late incubation/hatching’, but 
they only laid their eggs into nests in the egg-
laying stage.

The other antiparasite defence, nest defence, 
seems to be different from egg rejection, because 
hosts presented a constantly high level of nest 
defence against the cuckoo over the whole breed-
ing cycle. Duckworth (1991) revealed a tendency 
for reed warblers to approach the cuckoo mount 
placed at nests more closely once incubation 
had started, and there were no apparent changes 
between incubation and nestling stages. How-
ever, the reed warbler is not very aggressive 
towards the cuckoo. While in the present study 
great reed warblers attacked the cuckoo mount 
in almost all cases, reed warblers rarely attack 
it (Duckworth 1991, Lindholm & Thomas 2000, 
Røskaft et al. 2002).

Beside cuckoos, the main avian predator of 
great reed warbler nests in my study area is the 
magpie Pica pica, but locally the hooded crow 
Corvus cornix also could be important. Mag-

pies and cuckoos use somewhat similar tactics 
in searching for great reed warbler nests. They 
usually use the same trees as vantage points, 
sometimes flying over the reedbeds. In other 
areas of Hungary gulls Larus spp., and the marsh 
harrier Circus aeruginosus could also have an 
impact on great reed warbler nests (Batáry et al. 
2004). However, great reed warblers might also 
destroy closely built nests of conspecifics (Hans-
son et al. 1997). I observed this phenomenon on 
experimentally placed great reed warbler nests 
(C. Moskát unpubl. data). Small mammals also 
can predate on eggs or nestlings of nests placed 
above the ground at reedbed edges. In my study 
area great reed warblers learn to recognise cuck-
oos well, because of the unusually high parasit-
ism rate and density of the brood parasite. This 
could be the reason for the high level of attacks 
against cuckoos (86%–93%).

My results on the nest defence of great 
reed warblers against the cuckoo resemble the 
pattern of the nest defence found in the least 
flycatcher Empidonax minimus, a host of the 
brown-headed cowbird Molothrus ater. The least 
flycatcher responded similarly to the mount of 
cowbirds over the nesting cycle, suggesting that 
this host species may have responded to the 
cowbird as a predator at later nest stages (Briskie 
& Sealy 1989). Yellow warblers Dendroica 
petechia responded to the taxidermic mounts of 
brown-headed cowbirds with two unique behav-
iours (seet calling and nest-protection behav-
iour) more intensively at the laying stage than 
later, but responded to the avian nest predator 
common grackle Quiscalus quiscula more inten-
sively in the nestling stage than earlier (Gill & 
Sealy 1996). Red-winged blackbirds Agelaius 
phoeniceus, gray catbirds Dumatella carolinen-
sis, northern orioles Icterus galbula and cedar 
waxwings Bombycilla cedorum showed a wide 
range of responses against the cowbird mounts. 
The cedar waxwing was non-aggressive, gray 
catbirds and northern orioles showed a general 
response. Although the latter three species are 
all capable of rejecting the cowbird egg, the 
acceptor red-winged blackbird was the most 
aggressive to cowbird mounts in the laying stage 
(Neudorf & Sealy 1992).

Hosts may attack cuckoos during parasitism 
attempts (Wyllie 1981), and after an unsuccessful 
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attempt the female cuckoo may repeat her trial of 
parasitism, if necessary several times, increas-
ing her chances of success (C. Moskát pers. 
obs.). However, aggression towards the brood 
parasite might be effective to avoid parasitism. 
Molnár (1944) reported a case when great reed 
warblers at their nest attacked a cuckoo so heav-
ily that the cuckoo was drowned in water. Reed 
warblers were able to discriminate cuckoos from 
non-cuckoo predators, however, aggression was 
even higher towards cuckoos than non-cuckoo 
predators (Duckworth 1991). Birds showed a 
dynamic risk assessment of the risk of predation, 
regarding predator type, nest height and predator 
distance in three Acrocephalus warblers (Klein-
dorfer et al. 2005). Davies et al. (2003) reported 
that at the beginning of breeding male reed war-
blers guarded nests against conspecific intruders, 
but increased nest guarding in response to cuck-
oos in the egg laying stage. However, maintain-
ing an intensive nest guarding is costly for a bird, 
because it reduces the time available for feed-
ing (Komdeur & Kats 1999). Arcese and Smith 
(1988) provided surplus food for song sparrows 
Melospiza melodia, which lowered the rate of 
parasitism by brown-headed cowbirds, suggest-
ing that birds had more time for nest guarding.

I conclude that results revealed different pat-
terns for changes of nest defence and egg rejec-
tion in the great reed warbler over the breeding 
cycle. Results suggest that both the risk of para-
sitism and risk of cuckoo predation may contrib-
ute to the development of antiparasite defence in 
cuckoo hosts.
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