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Summary  

In a coevolutionary arms race between a brood parasite and its host, both species are ex- 
pected to evolve adaptations and counteradaptations, such as egg mimicry and egg dis- 
crimination. The Common Whitethroat (Syh, ia communis) is a regular Common Cuckoo 
(Cuculus canorus) host in some parts of its breeding range. We studied egg discrimination 
in the Whitethroat in the south-eastern part of the Czech Republic in an area where the 
Whitethroat is parasitised only occasionally. To investigate responses to parasitic eggs, in 
34 nests either a non-mimetic or a mimetic (conspecific) egg was added. All 21 non-mim- 
etic eggs were ejected. Of the 13 mimetic eggs, 7 were ejected and 6 eggs were accepted. 
No significant differences were found in intraclutch variation in egg appearance between 
acceptors and rejecters. Ejected mimetic eggs, however, showed greater contrast with host 
eggs than did the mimetic eggs that were accepted. Our experiments show that White- 
throats are persistent rejecters of alien eggs at the study site. This fact is discussed in the 
light of the host selection and host-parasite coevolution hypotheses. 
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Zusammenfassung 

Erkennen die Dorngrasmiicken (Sylvia communis) fremde Eier? 

Brutparasiten und ihre Wirte befinden sich in einem koevolutiven Wettrtisten, in dessen 
Verlauf sie Adaptationen und Gegenadaptationen entwickeln (z. B. Eimimikry und Eiun- 
terscheidung). Die Dorngrasmticke (Syh,ia communis) geh6rt in einigen Teilen ihres Bmt- 
areals zu regelmfiBigen Wirten des Kuckucks (Cuculus canorus). Wir untersuchten in 
einer gelegentlich parasitierten Population der Dorngrasmticke im Stidosten Tschechiens 
die F~ihigkeit, fremde Eier zu erkennen. Dazu wurden in 34 Nestern der Dorngrasmticke 
entweder ein nichtmimetisches (arffremdes) oder ein mimetisches (konspezifisches) Ei 
eingelegt. Sfimtliche der 21 nichtmimetischen Eier wurden yon den Nestinhabern ausge- 
worfen. Von 13 mimetischen Eiern wurden 7 selektiv entfernt, die restlichen Eier wurden 
angenommen. Unsere Studie erbrachte keine signifikanten Unterschiede hinsichtlich der 
phfinotypischen Gelegevariation zwischen Akzeptoren und Ablehnern. Die ausgeworfe- 
hen mimetischen Eier unterschieden sich jedoch ph~inotypisch mehr yon den Wirtseiern 
im Vergleich zu den akzeptierten Eiern. Unsere Experimente zeigten, dass Dorngras- 
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mt~cken in unserem Untersuchungsgebiet fremde Eier zu einem grogen Teil erkennen und 
strikt ablehnen. Dieses Ergebnis wird im Licht der Wirt-Parasit-Koevolutionshypothesen 
und Wirtsselektionshypothesen diskutiert. 

Introduction 

The Common Cuckoo (Cuculus canorus) is an 
obligate brood parasite that lays its eggs in 
nests of small passerines. There are at least 
125 species of passerines which are known to 
be parasitised and of these about 15 are regular 
hosts (Lack 1963, Wyllie 1981, Moksnes & 
ROskaft 1995). Considerable variation in 
Cuckoo egg coloration and pattern combined 
with the high degree of mimicry sometimes 
found (Jourdain 1925) have led to the gentes 
theory (Brooke & Davies 1991). According to 
this theory, each female Cuckoo lays one type 
of egg that matches those of a particular host 
species. 

Hosts of the Cuckoo suffer considerable re- 
ductions of their reproductive success when 
rearing a Cuckoo chick (Oien etal. 1998). 
These costs select for host defences, such as 
ejection of the parasitic egg or nest desertion 
and re-nesting, or, alternatively, its burial in 
nest lining (Davies & Brooke 1988, Mosk~t & 
Honza 2002). Better defences, in turn, select 
for improved egg mimicry in the Cuckoo, re- 
sulting in a co-evolutionary arms race between 
the host and the parasite (Dawkins & Krebs 
1979). There are several possible outcomes of 
this battle. A balance may exist between the 
costs and benefits of host defences, such that 
the host and the parasite reach an evolutionary 
equilibrium (Lotem etal. 1992). If, for exam- 
ple, recognition errors lead to the occasional 
erroneous rejection of host-eggs and parasi- 
tism rates are sufficiently low~ the costs of re- 
jection may outweigh the benefits (Davies 
et al. 1996). This should result in some level of 
acceptance in the host population and result in 
stable coexistence of a parasite and its host 
(Lotem et al. 1995). Alternatively, if the arms 
race is continuous, either host or parasite may 
become extinct (Rothstein 1982b, Davies & 

Brooke 1988, 1989a, Moksnes etal. 1990). If 
the host species evolves recognition and rejec- 
tion of the mimetic eggs, the Cuckoo may then 
switch to a different, less discriminating host 
(Davies & Brooke 1989b, Marchetti 1992) or 
improve its egg mimicry. Host species may 
consequently evolve eggs with more distinc- 
tive markings and/or less intraclutch and grea- 
ter interclutch variability in egg appearance 
(Oien etal. 1995). When sufficient rejection 
behaviour has been developed by the hosts, the 
Cuckoo gens may become extinct. 

The Common Whitethroat (Sylvia commu- 
nis) has all the prerequisites of a suitable host 
for the Cuckoo. It builds open nests and feeds 
its young on invertebrates (Cramp 1992). Of a 
total of 11,905 Cuckoo eggs in European mu- 
seum egg-collections, 1729 (6.9 %) were clas- 
sified as belonging to the Whitethroat egg- 
morph (Moksnes & Roskaft 1995). However, 
only 460 (3.9 %) of Cuckoo eggs were found 
in Whitethroat nests. While in some countries 
this species is a common Cuckoo host (The 
Netherlands - Hellebrekers & Hellebrekers 
1953, Denmark - Christensen in Makatsch 
1955, Germany - Makatsch 1955, Sweden - 
Walberg in Perrin de Brichambaut 1997), in 
some parts of Europe the Whitethroat is para- 
sitised only occasionally (Gdroudet 1950, Glue 
& Murray 1984, Perrin de Brichambaut 1997). 
In their analyses of Czech museum egg-collec- 
tions, Honza etal. (2001) found only five 
Cuckoo eggs collected in Whitethroat nests in 
a total of 736 parasitised clutches. The White- 
throat is known to have reared Cuckoo chicks 
successfully (Gdroudet 1950, Berndt 1980). 
The species is therefore a suitable host which 
has been parasitised by the Cuckoo at different 
rates in various parts of its breeding range. 

The illustration in Jourdain (1925) and pho- 
tos in Makatsch (1976) clearly show a close re- 
semblance to Whitethroat egg appearance of 
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Fig. 1. Mean (_+ s. d.) intraclutch variation in egg apearance (left) and mean (+ s. d.) contrast between para- 
sitic and host eggs (right) among rejecters and acceptors of mimetic eggs in Whitetbroats. Sample size for 
each group: n = 6. 
Abb. 1. Durchschnittliche (+ s.d.) ph~inotypische Gelegevariation (links) und durchschnittlicher (+ s.d.) 
Kontrast zwischen dem mimetischen Parasitenei und den Wirtseiern der Domgrasmticke (rechts) bei Ableh- 
nem und Akzeptoren. Datensatzgr6Be ftir jede Gruppe: n = 6. 

some Cuckoo eggs. This indicates that the 
Whitethroat is an old host, which had t ime to 

evolve high discrimination ability, and selec- 
ted thus for mimetic eggs in its Cuckoo genes. 
To our knowledge, however, there are only 
two brief notes on responses of  the White- 
throat to brood parasitism (K. Barfod in Jour- 
dain 1925, Martfn-Vivaldi et al. 2002). To shed 
more light on the intricate patterns of  Cuckoo 
host selection we need to understand how rarer 
host species respond to Cuckoo parasitism. 

Here we used experimental brood parasitism 
to determine the rejection rate in the White- 
throat in an area where it is rarely parasitised 

by the Cuckoo. To assess the discriminative 
ability of  the studied species we used two types 
of  real eggs: non-mimetic eggs resembling 
Cuckoo eggs and conspecific eggs represen- 
ting mimetic eggs. Furthermore, we tested for 

the effect of  host intraclutch variation in egg 
appearance and contrast between the parasitic 

and host egg on the hosts' response. 

M e t h o d s  

Experiments were carried out in the farmland at 
Dukovany (Czech Republic, 49°05'N, 16°ll 'E) 
during 2001-2002. The Whitethroat occurs here in 
sympatry with the Cuckoo, but we did not record 
any case of Cuckoo parasitism during our study. 
Nests were found in the herbaceous and shrubby 
vegetation of field boundaries and along a railway 
line. All eggs were measured (maximum length [L] 
and breadth [B]) to the nearest 0.1 mm using vernier 
callipers. Egg volume (V) was calculated using the 
formula V = 0.51*L*B 2 (Hoyt 1979). Eggs found 
during the laying period were numbered with water- 
proof ink according to their order, those found 
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during incubation were floated to estimate their ap- 
proximate laying date (Hays & Lecroy 1971). All 
host  and parasitic eggs were marked with ink to 
allow individual identification. 

To test the discriminative ability of  the White- 
throat we used two types of  real eggs: (1) non-mi- 
metic eggs from deserted Yellowhammer (Emberiza 
citrinella) or Red-backed Shrike (Lanius collurio) 
clutches, which resembled Cuckoo eggs and (2) 
conspecific eggs, which represented mimetic eggs. 

Non-mimetic  eggs always showed a great contrast 
in appearance to host 's  eggs, i. e. a score of  3 on the 
scale of  Braa et al. 1992 (see below), while the con- 
trast between mimetic and host eggs varied between 
scores 1-3  on the scale (Fig. 1). The average vol- 
ume  of the non-mimetic  eggs (2870.47 + 
332.03 m m  3, n = 21) was within the natural range of 

Cuckoo eggs in the Czech Republic (Pikula & Be- 
klov~i 1981). The non-mimetic  eggs were on average 
larger than host  eggs (t = 13.1, d f =  40, p < 0.001). 
There was no significant difference between the 
average size of  host  eggs and the conspecific eggs 
added to the clutch (1860.49 _+ 178.23 m m  3 vs 
1796.24 + 172.98 ram3; t = 0.93, df  = 24, p = 0.36). 

The conspecific eggs mimicked thus the host eggs 
both in coloration and size. 

The eggs were added to the nest either during the 
egg-laying period, or at the early (1-5  days) or late 
incubation stage (6 -10  days). Host eggs were not 
removed when the experimental egg was put into 
the nest, because this has been shown to have no 

influence on the host  response (Rothstein 1975, 
Davies & Brooke 1988, Moksnes  & Rcskaft  1989, 
Lawes & Kirkman 1996). The whole clutch, in- 
cluding the introduced egg, was photographed in 
a standardized manner  using a Canon EOS 500 
camera and Kodak 200 ISO film. The nests were vi- 
sited daily after the experimental parasit ism for the 
next five days to ascertain host  reaction. If the egg 
disappeared within five days, it was considered to 
have been ejected, if it remained in the nest, it was 
considered to have been accepted. Four nests preda- 
ted within the five-day period were excluded from 
our analyses. 

Whitethroats were not individually marked. To 
avoid pseudoreplications due to the inadvertent 
testing of a second or replacement clutch of the 
same bird, we did not carry out our experiments 
repeatedly in the same Whitethroat territory. This 
was justifiable in view of  the fact that Whitethroats 
always renest close to their first nest (Persson 1971). 

The intra-clutch variation in egg appearance and 
the contrast between parasitic and host  eggs were la- 
ter assessed from the photos by seven test persons 
who did not know the fate of  the introduced egg. As 
most  birds are sensitive to ultraviolet wavelengths 
and eggs may reflect in the UV part of  the spectrum, 
some.important  colour characteristics may have re- 
mained undetected by the human observers (Cherry 
& Bennett  2001). The intraclutch variation in egg 

colour and marking pattern was scored on the follo- 
wing scale from one to five (Oien etal .  1995): (1) 
No variation, all the eggs were similar. (2) At least 
one egg differed slightly from the others. (3) At least 
one egg showed marked differences from the other 
eggs. (4) At least one egg differed dramatically from 
the others. (5) No two eggs were similar. The con- 

trast in egg colour and marking pattern between pa- 
rasitic and host eggs was scored on the following 

scale from one to three (Braa etal.  1992): (1) No 
contrast between host and conspecific eggs. The 
alien egg was indistinguishable from the host  eggs. 
(2) Medium contrast between host and conspecific 
eggs. The alien egg could be distinguished from the 
host eggs, but the difference was only moderate. (3) 
Great contrast between host  and conspecific eggs. 
The alien egg could easily be distinguished from the 
host eggs. The mean of the assessments  of  the seven 
test persons was used both for intraclutch variation 
and contrast. The observers '  scores were tested for 
'reliability', i. e. whether the variance between each 
person in ranking the same set of  eggs differed signi- 
ficantly. There were no significant differences in 
scoring among the seven observers in contrast 
(Kruskal-Wallis H = 7.75, df  = 6, p = 0.26) nor in 
intraclutch variation of egg appearance (Kruskal- 
Wallis H = 11.08, df  = 6, p = 0.09), which suggests  
that each subject scored the eggs in a similar man- 

ner. 

Results 

In  the  total  o f  34 t e s ted  nes t s ,  28 i n t r o d u c e d  

e g g s  we re  re jec ted ,  wh i l e  o n l y  6 w e r e  a c c e p t e d  

(Table  1). M i m e t i c  e g g s  we re  s i gn i f i c an t l y  

m o r e  o f t en  a c c e p t e d  t h a n  n o n - m i m e t i c  e g g s ,  

the  la t te r  were  all r e j ec t ed  (g2yates = 8 .808,  

d f  = 1, p < 0.01).  Al l  21 n o n - m i m e t i c  e g g s  

(15 Y e l l o w h a m m e r  a n d  6 R e d - b a c k e d  Shr ike  

e g g s )  w e r e  e j e c t ed  w i t h i n  a day,  i r r e spec t ive  o f  

the  s t age  o f  i ncuba t i on :  12 o f  t h e m  were  in t ro-  
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Table 1. Whitethroat rejection responses to different treatments of experimental brood parasitism. 
Tab. 1. Ablehnungsreaktionen yon Dorngrasmticken auf experimentell in das Nest eingelegte mimetische 
und nichtmimetische Eier. 

Treatment procedure Accepted % Ejected - % N 
experimentelle Behandlung akzeptiert ausgeworfen 

Mimetic 6 46.2 7 53.8 13 
mimetisch 

Laying 4 50 4 50 8 
Legeperiode 

Early incubation 2 50 2 50 4 
frtihe Inkubation 

Late incubation 0 0 1 100 1 
sprite Inkubation 

Non-mimetic 0 0 21 100 21 
nichtmimetisch 

Laying 0 0 7 100 7 
Legeperiode 

Early incubation 0 0 5 100 5 
frtihe Inkubation 

Late incubation 0 0 9 100 9 
sprite Inkubation 

In total 6 17.6 28 82.4 34 
zusammen 

duced on the 4th day of  egg laying or in early 
incubation, 9 in late incubation. Out of  13 ex- 
periments with mimetic eggs, 6 extraneous 

Whitethroat eggs were accepted by the host, 
whereas 7 mimetic eggs were selectively ejec- 
ted. Ejection of  mimetic eggs normally occur- 
red within one day. In two cases the birds did 
not eject the egg until they had laid their fifth 
egg (the ejection occurred within two days). In 
contrast, five non-mimetic eggs were ejected 

within a day in spite of  the fact that they were 
introduced after the laying of  the penultimate 
host 's egg. 

There were no significant differences in the 
laying date between acceptors and rejecters of  
conspecific eggs (t = 0.401, n = 13, p = 0.696). 
Also, there was no significant difference in the 
clutch size in acceptors and rejecters of  mime- 
tic eggs (t -- 1.041, n = 13, p = 0.320). 

Mean intraclutch variation in egg appearan- 
ce among acceptors and rejecters was 1.62 + 
0.53, n = 6 and 1.79 _+ 0.54, n = 6, respectively 
(Fig. 1). Mean contrast between conspecific 

and host eggs among acceptors and rejecters 
was 1.71 _+ 0.42, n = 6 and 2.74 _+ 0.17, n = 6, 
respectively. A binary logistic regression ana- 
lysis was carried out to determine the effect of  
contrast and intraclutch variation (independent 

variables) on rejection behaviour (dependent 
variable). Intraclutch variation of  egg appea- 
rance had no significant effect on rejection 
behaviour (g 2 = 0.34, df  = 1, p = 0.559). How- 
ever, the rejection behaviour was s ignifcant ly  
affected by the contrast between conspecific 
and host eggs 0C- = 16.63, df  = 1, p < 0.0001). 

The Whitethroats rejected the eggs only by 
selective ejection, i.e. only the parasitic egg 
was removed by the hosts, thus no rejection 
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costs were detected (e.g., damage of host eggs 
or nest desertion) in either type of experiment. 

Discussion 

Our experiments show that Whitethroats are 
obstinate rejecters of parasitic eggs at the study 
site. The fact that non-mimetic eggs were re- 
jected in all cases proves that Whitethroats are 
able easily to discriminate against eggs unlike 
their own. What is more interesting, conspeci- 
fic Whitethroat eggs, which are perfect mimics 
of host eggs both in their coloration and size, 
are also rejected at a high rate. There is eviden- 
ce that several species of passerines reject con- 
specific eggs (Victoria 1972, Braa etal. 1992, 
Moksnes & RCskaft 1992, Welbergen etal. 
2001, Stokke at al. 2002). This evidence sug- 
gests that rejection of experimentally introdu- 
ced foreign conspecific eggs is not as scarce as 
suggested by Davies (2000). 

Our results did not reveal any significant in- 
fluence of intraclutch variation in egg appear- 
ance on egg rejection. This is in accordance 
with the fact that Whitethroats show little va- 
riation in their host defences. Dien et al. (1999) 
state that discriminating rejecters of non-mi- 
metic eggs should be more or less genetically 
fixed in their responses. Their low intraclutch 
variability makes it easier to detect a parasitic 
egg in their nests (Stokke et al. 1999, B. Stokke 
et al. unpubl, data). Moreover, their high inter- 
clutch variability makes it very difficult for the 
Cuckoo successfully to parasites these species 
(Oien etal.  1995, Soler & M¢ller 1996). Even 
though the Cuckoo lays a perfect mimetic egg 
in one nest, the high interclutch variability im- 
plies that the same egg type in another nest 
would appear as non-mimetic. The finding that 
the host response depends on the degree of mi- 
micry between the parasitic and host eggs is in 
accordance with previous studies (Victoria 
1972, Braa et al. 1992, Moksnes 1992, Lahti & 
Lahti 2002). When there was a marked con- 
trast between the parasitic and host eggs, al- 
most all of the individuals were able to recog- 
nize and eject the interloping egg. When the 

appearance of the parasitic egg was close to 
that of the host eggs, Whitethroats were prone 
to accept it. This suggests that Whitethroats 
use visual cues for detecting a parasitic egg in 
their nests. Some birds, however, use the rela- 
tive size of eggs in the clutch as a cue in discri- 
minating against parasitic eggs (Rothstein 
1982a, Davies & Brooke 1988, Marchetti 
2000). Our data, unfortunately, do not provide 
a vehicle for the rigorous testing of this aspect 
of egg discrimination in the Whitethroat. The 
birds, however, were able to reject conspecific 
eggs that are the size of their own undoubtedly 
by using their different appearance (back- 
ground colour, spotting pattern). 

Not only do Whitethroats reject parasitic 
eggs during egg-laying and at the beginning of 
egg incubation, but they also eject eggs intro- 
duced later. This finding is in contradiction to 
other studies, where parasitic eggs introduced 
at later stages were more likely to be accepted 
(Rothstein 1976, 1977, Moksnes etal. 1990, 
1993, Welbergen etal. 2001). During the late 
incubation stage, we would expect acceptance 
of a parasitic egg to be adaptive, because the 
parasitic chick would hatch too late to be able 
to compete with the host young, or the para- 
site's egg would not hatch at all owing to insuf- 
ficient incubation. However, having very good 
discrimination ability, Whitethroats incurred 
no recognition costs (erroneous rejection of 
own eggs) when they ejected a non-mimetic 
egg. Low frequency of recognition errors also 
was recently reported by Stokke et al. (2002) 
in the Chaffinch (Fringilla coelebs) and the 
Blackcap (Sylvia atricapilla) and by Rcskaft 
et al. (2002) in the Reed Warbler (Acrocepha- 
lus scbpaceus) and the Great Reed Warbler 
(Acrocephalus arundinaceus). Moreover, we 
observed no rejection costs. Similar results we- 
re also recently obtained by Martfn-Vivaldi 
et al. (2002) for the majority of passerines te- 
sted with real House Sparrow (Passer domesti- 
cus) eggs. Both low recognition costs and ejec- 
tion costs clearly allow Whitethroats to eject 
non-mimetic eggs added even late in their in- 
cubation period. However, our experiments 
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with real Yellowhammer and Red-backed Shri- 
ke eggs do not exactly reflect the natural situa- 
tion, since the real Cuckoo egg is 2.2 times 
more resistant to outside pressure than eggs of 
the same size laid by Cuckoo hosts (J. Picman 
& M. Honza unpubl, data, using the method 
described in Picman 1989). Hence, while fa- 
cing real brood parasitism, Whitethroats may 
incur some ejection cost when they try to 
puncture a Cuckoo egg. 

Conspecific brood parasitism may also be a 
source of selection for Whitethroat egg recog- 
nition. However, although we monitored the 
nests daily during egg-laying and early incuba- 
tion, no case of natural conspecific parasitism 
occurred. In the latest review by Yom-Tov 
(2001), there are also no data on intraspecific 
brood parasitism in the Whitethroat. Moreover, 
Whitethroats do not show any of the common 
features of passerines in which conspecific 
brood parasitism occurs frequently (hole nest- 
ing, colonial nesting - Petrie & M¢ller 1991). 
Although we cannot rule out this alternative 
reproductive strategy in the Whitethroat, selec- 
tive pressures arising from it would be incom- 
parably lower than those from Cuckoo para- 
sitism. We therefore believe that the high 
discriminative ability of Whitethroats shown 
in our study has evolved in response to Cuckoo 
parasitism. 

The ability of hosts to recognize and reject 
eggs looking unlike their own has led to selec- 
tion favouring Cuckoos that lay mimetic eggs. 
During coevolution with their hosts, specific 
'groups' of females called gentes evolved, 
which produce eggs that often mimic those of 
their corresponding host (Wyllie 1981, Davies 
& Brooke 1988). The most common Cuckoo 
egg morph is the Sylvia morph (Moksnes & 
R0skaft 1995, Honza etal. 2001), but the 
frequency of parasitism of Sylvia warblers is 
quite low at present. There are several lines of 
indirect evidence indicating that the Cuckoo 
switched from these host species to more sui- 
table hosts, e.g. Acrocephalus warblers (Ed- 
vardsen et al. 2001, Honza et al. 2001), which 
show intermediate rejection rates (Oien et al. 

1995). Although the 'Whitethroat' Cuckoo 
egg-morph was found in 332 of 460 parasitised 
Whitethroat nests, these 332 eggs represent 
only 19 % of the total number of eggs belon- 
ging to the Whitethroat morph in the whole 
sample (Moksnes & Rcskaft 1995). 

Thanks to the enormous egg-collecting ef- 
fort of Capek (1910), data are also available on 
the parasitism rate in the Whitethroat from the 
nearby village of Oslavany (approx. 15 km 
from the study site) from the late 19th - early 
20th centuries. Of 1220 Cuckoo eggs found, 
only 6 were laid in Whitethroat clutches. None 
of the 132 Cuckoo chicks Capek found was 
reared by Whitethroats. These facts indicate 
that the Whitethroat may have been a frequent 
host for the Cuckoo in the study area in the 
past, but it evolved such a strong egg rejection 
that the Cuckoo abandoned this species. Da- 
vies & Brooke (1989b) hypothesized that hosts 
freed from parasitism should slowly revert 
back to becoming acceptors of unlike eggs. 
Our experiments, however, show that White- 
throats have still retained their high discrimi- 
nation ability, which prevents the Cuckoo from 
reusing this host at the study site. This retenti- 
on is probably maintained because of the lack 
of opposing selection pressures, such as recog- 
nition errors. This is in agreement with the 
findings of Rothstein (2001), who suggested 
that ex-hosts may show long-term retention of 
egg recognition in the absence of parasitism. 
Moksnes etal. (1990) argued that the evolu- 
tionary lag hypothesis predicts old (over evo- 
lutionary time) but rarely used hosts to show 
highly developed rejection behaviour. This 
pattern was found in the Whitethroat in our 
study. According to Lotem and co-workers 
(Lotem et al. 1995, Lotem & Nakamura 1998), 
however, this pattern may, under certain cir- 
cumstances, also be consistent with the idea of 
evolutionary equilibrium. 

To summarize, Whitethroats are firm rejec- 
ters of both non-mimetic and mimetic eggs. 
They have retained their good discrimination 
ability and are thus ahead in their evolutionary 
struggle with the Cuckoo in the study area. 



E Proch~ka & M. Honza • Common Whitethroats and alien eggs 361 

Acknowledgements 
We thank students from the Faculty of Science, Charles 
University in Prague for assessing the scores of contrast 
and intraclutch variability in egg appearance. We are obli- 
ged to J. S. Yeaton for improving the English and to A. Ha- 
chenberg for correction of the German Zusammenfassung 
and helpful comments on the previous version of the manu- 
script. We also thank two anonymous referees for their 
valuable criticism. The study was supported by the Grant 
Agency of Charles University, grant no. B-BIO-124/2001 
to P.P. and by the Grant Agency of the Czech Republic, 
grant no. 206/00/P046 to M. H. 

References 

Berndt, R.K. (1980): Wirtsv6gel des Kuckucks 
(Cuculus canorus) in Schleswig-Holstein. Corax 
8: 41-44. 

Braa, A.T., Moksnes, A. & Reskaft, E. (1992): 
Adaptations of Bramblings and Chaffinches to- 
wards parasitism by the Common Cuckoo. Anim. 
Behav. 43: 67-78. 

Brooke, M. de L. & Davies, N.B. (1991): A failure 
to demonstrate host imprinting in the Cuckoo 
Cuculus canorus and alternative hypotheses for 
the maintenance of egg mimicry. Ethology 89: 
154-166. 

Capek, W. (1910): Einiges fiber die Fortpflanzungs- 
geschichte des Kuckucks aus Mahren. Berichte 
5. Int. ornithol. Kongress Berlin: 579-582. 

Cherry, M. I. & Bennett, A. T. D. (2001): Egg colour 
matching in an African cuckoo, as revealed by 
ultraviolet-visible reflectance spectrophotometry. 
Proc. R. Soc. Lond. B 268: 565-571. 

Cramp, J.S. (1992): The Birds of the Western 
Palearctic. Vol. VI: Warblers. Oxford. 

Davies, N. B. (2000): Cuckoos, Cowbirds and Other 
Cheats. London. 

Davies, N.B. & Brooke, M. de L. (1988): Cuckoos 
versus Reed Warblers: adaptations and counter- 
adaptations. Anim. Behav. 36: 262-284. 

Davies, N.B. & Brooke, M. de L. (1989a): An ex- 
perimental study of co-evolution between the 
Cuckoo, Cuculus canorus and its hosts. I. Host 
egg discrimination. J. Anim. Ecol. 58: 207-224. 

Davies, N.B. & Brooke, M. de L. (1989b): An ex- 
perimental study of co-evolution between the 
Cuckoo, Cuculus canorus and its hosts. II. Host 
egg markings, chick discrimination and general 
discussion. J. Anim. Ecol. 58: 225-236. 

Davies, N.B., Brooke, M. de L. & Kacelnik, A. 
(1996): Recognition errors and probability of 
parasitism determine whether reed warblers 
should accept or reject mimetic Cuckoo eggs. 
Proc. R. Soc. Lond. B 263: 925-931. 

Dawkins, R. & Krebs, J.R. (1979): Arms races be- 
tween and within species. Proc. R. Soc. Lond. B 
205: 489-511. 

Edvardsen, E., Moksnes, A., ROskaft, E., Oien, I.J. 
& Honza, M. (2001): Egg mimicry in Cuckoos 
parasitizing four sympatric species of Acroce- 

phalus warblers. Condor 103: 829-837. 
G6roudet, P. (1950): Quels sont les h6tes du Cou- 

cou? Nos Oiseaux 1950: 201-208. 
Glue, D. & Murray, E. (1984): Cuckoo hosts in 

Britain. BTO News 134: 5. 
Hays, H. & Lecroy, M. (1971): Field criteria for 

determining incubation stage in eggs of the Com- 
mon Tern. Wils. Bull. 83: 425-429. 

Hellebrekers, W. P. J. & Hellebrekers, A.W. (1953): 
Cuculus canorus: De verspreiding in Nederland, 
de aanpassing van haar eieren en een opsomming 
van deels omstreden punten betreffende de broed- 
biologie. Limosa 26: 1-20. 

Honza, M., Moksnes, A., Reskaft, E. & Stokke, B. 
(2001): How are different Common Cuckoo 
Cuculus canorus morphs maintained? An evalu- 
ation of different hypotheses. Ardea 89: 341- 
352. 

Hoyt, D. E (1979): Practical methods of estimating 
volume and fresh weight of bird eggs. Auk 96: 
73-77. 

Jourdain, F. C. R. (1925): A study on parasitism in 
the cuckoos. Proc. Zool. Soc. London 1925: 639- 
667. 

Lack, D. (1963): Cuckoo hosts in England. Bird 
Study 10: 185-203. 

Lahti, D.C. & Lahti, A.R. (2002): How precise is 
egg discrimination in weaverbirds? Anim. Behav. 
63: 1135-1142. 

Lawes, M. J. & Kirkman, S. (1996): Egg recognition 
and interspecific brood parasitism rates in red 
bishops (Aves: Ploceidae). Anim. Behav. 52: 
553-563. 

Lotem, A. & Nakamura, H. (1998): Evolutionary 
equilibria in avian brood parasitism: an alternati- 
ve to the "arms race-evolutionary lag" concept. 
In: S. I. Rothstein & S. K. Robinson (Eds.): Para- 
sitic Birds and Their Hosts: Studies in Coevoluti- 
on: 223-235. New York. 

Lotem, A., Nakamura, H. & Zahavi, A. (1992): 
Rejection of cuckoo eggs in relation to host age: 
A possible evolutionary equilibrium. Behav. Ec- 
ol. 3: 128-132. 



362 Journal ffir Ornithologie 144, 2003 

Lotem, A., Nakamura, H. & Zahavi, A. (1995): Con- 
straints on egg discrimination and cuckoo-host 
co-evolution. Anita. Behav. 49:1185-1209. 

Makatsch, W. (1955): Der Brutparasitismus in der 
Vogelwelt. Radebeul. 

Makatsch, W. (1976): Die Eier der V6gel Europas. 
Bd. 2. Radebeul. 

Marcbetti, K. (1992): Cost of host defence and per- 
sistence of parasitic cuckoos. Proc. R. Soc. Lond. 
B 248: 41-45. 

Marchetti, K. (2000): Egg rejection in a passerine 
bird: size does matter. Anim. Behav. 59: 877- 
883. 

Martfn-Vivaldi, M., Soler, M. & M~ller, A.E 
(2002): Unrealistically high costs of rejecting ar- 
tificial model eggs in Cuckoo Cuculus canorus 
hosts. J. Avian Biol. 33: 295-301. 

Moksnes, A. ( 1992): Egg recognition in Chaffinches 
and Bramblings. Anim. Behav. 44: 993-995. 

Moksnes, A. & R0skaft, E. (1989): Adaptations of 
Meadow Pipits to parasitism by the Common 
Cuckoo. Behav. Ecol. Sociobiol. 24: 25-30. 

Moksnes, A. & ROskaft, E. (1992): Responses of 
some rare Cuckoo hosts to mimetic model Cuck- 
oo eggs and to foreign conspecific eggs. Ornis 
Scand. 23: 17-23. 

Moksnes, A. & Rcskaft. E. (1995): Egg-morphs and 
host preference in the Common Cuckoo (Cuculus 
canorus): an analysis of cuckoo and host eggs 
from European museum collections. J. Zool. 236: 
625-648. 

Moksnes, A., Rcskaft, E., Braa, A.T., Korsnes, L., 
Lampe, H.M. & Pedersen, H.C. (1990): Beha- 
vioural responses of potential hosts towards arti- 
ficial cuckoo eggs and dummies. Behaviour 116: 
64-85. 

Moksnes, A., RCskaft, E. & Korsnes, L. (1993): 
Rejection of Cuckoo (Cuculus canorus) eggs by 
Meadow Pipits (Anthus pratensis). Behav. Ecol. 
4: 120-127. 

Moskgt, C. & Honza, M. (2002): European Cuckoo 
Cuculus canorus parasitism and host's rejection 
behaviour in a heavily parasitized Great Reed 
Warbler Acrocephalus arundinaceus population. 
Ibis 144: 614-622. 

Oien, I. J., Moksnes, A. & RCskaft, E. ( 1995): Evolu- 
tion of variation in egg color and marking pattern 
in European passerines: adaptations in a coevolu- 
tionary arms race with the Cuckoo, Cuculus cano- 
rus. Behav. Ecol. 6: 166-174. 

Oien, I. J., Moksnes, A., Rcskaft, E., Edvardsen, E., 
Honza, M., Kleven, O. & Rudolfsen, G. (1999): 
Conditional host responses to Cuckoo Cuculus 
canorus parasitism. In: N. J. Adams & R. H. Slot- 
kow (Eds.): Proceedings of the 22 International 
Ornithological Congress, Durban: 3125-3145. 
Johannesburg. 

Oien, I.J., Moksnes, A., R0skaft, E. & Honza, M. 
(1998): Cost of Cuckoo Cuculus canorus parasi- 
tism to Reed Warblers Acrocephalus scirpaceus. 
J. Avian Biol. 29: 209-215. 

Perrin de Brichambaut, J. (1997): Le comportement 
parasitaire du Coucou gris Cuculus canorus: 
comparaisons rdgionales, 6volution dans le 
temps. Alauda 65: 425-432. 

Persson, B. (1971): Habitat selection and nesting of 
a south Swedish Whitethroat Sylvia communis 
Lath. population. Ornis Scand. 2: 119-126. 

Petrie, M. & M¢ller, A.E (1991): Laying eggs in 
others' nests: intraspecific brood parasitism in 
birds. Trends Ecol. Evol. 6: 315-320. 

Picman, J. (1989): An inexpensive device for measu- 
ring puncture resistance of eggs. J. Field Ornithol. 
60: 190-196. 

Pikula, J. & Beklov& M. (1981): Die Oologie des 
Kuckucks (Cuculus canorus) in der CSSR. Acta 
Sc. Nat. Brno 15: 1-42. 

Rcskaft, E., Moksnes, A., Meilvang, D., Bi61"k, V., 
JemelNov& J. & Honza, M. (2002): No evidence 
for recognition errors in Acrocephalus warblers. 
J. Avian Biol. 33:31-38. 

Rothstein, S.I. (1975): An experimental and teleo- 
nomic investigation of avian brood parasitism. 
Condor 77:250-271. 

Rothstein, S.I. (1976): Experiments on defenses 
Cedar Waxwings use against cowbird parasitism. 
Auk 93: 675-691. 

Rothstein, S.I. (1977): Cowbird parasitism and egg 
recognition of the Northern Oriole. Wilson Bull. 
89: 21-32. 

Rothstein, S.I. (1982a): Mechanisms of avian egg 
recognition: which egg parameters elicit respon- 
ses by rejecter species? Behav. Ecol. Sociobiol. 
11: 229-239. 

Rothstein, S.I. (1982b): Successes and failures in 
avian and nestling recognition with comments on 
the utility of optimality reasoning. Amer. Zool. 
21: 547-560. 

Rothstein, S.I. (2001): Relic behaviours, coevolu- 
tion and the retention versus loss of host defences 
after episodes of avian brood parasitism. Anim. 
Behav. 61: 95-107. 



E Prochfizka & M. Honza • Common Whitethroats and alien eggs 363 

Soler, J.J. & Moiler, A.E (1996): A comparative 
analysis of the evolution of variation in appearan- 
ce of eggs of European passerines in relation to 
brood parasitism. Behav. Ecol. 7: 89-94. 

Stokke, B. G., Honza, M., Moksnes, A., R~skaft, E. 
& Rudolfsen, G. (2002): Costs associated with re- 
cognition and rejection of parasitic eggs in two 
European passerines. Behaviour 139: 629-644. 

Stokke, B. G., Moksnes, A., RCskaft, E., Rudolfsen, 
G. & Honza, M. (1999): Rejection of artificial 
cuckoo (Cuculus canorus) eggs in relation to va- 
riation in egg appearance among reed warblers 
(Acrocephalus scirpaceus). Proc.R. Soc. Lond. B 
266: 1483-1488. 

Victoria, J. K. (1972): Clutch characteristics and egg 
discriminative ability of the African Village Wea- 
verbird Ploceus cucullatus. Ibis 114: 367-376. 

Welbergen, J., Komdeur, J., Kats, R. & Berg, M. 
(2001): Egg discrimination in the Australian 
Reed Warbler (Acrocephalus australis): rejection 
response toward model and conspecific eggs de- 
pending on timing and mode of artificial parasi- 
tism. Behav. Ecol. 12: 8-15. 

Wyllie, I. ( 1981): The Cuckoo. London. 
Yom-Tov, Y. (2001): An updated list and some com- 

ments on the occurrence of intraspecific nest pa- 
rasitism in birds. Ibis 143: 133-143. 

Accepted: 06 March 2003 


