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DO STRATEGIES AGAINST CONSPECIFIC BROOD PARASITISM

OCCUR IN REDWINGS TURDUS ILIACUS?

LIV CESILIE GRENDSTADl, ARNE MOKSNESI & ElVIN R0SKAFT2

Grendstad L.e., A. Moksnes & E. R0skaft 1999. Do strategies against conspecific
brood parasitism occur in Redwings Turdus iliacus? Ardea 87: 101-111.

A significant proportion of Redwings Turdus iliacus reject non-mimetic model Cuc
koo Cuculus canorus eggs experimentally introduced into their nests. However, very
few cases of Cuckoo parasitism have been recorded for this species. In the present
study we tested the hypothesis that egg rejection by Redwings has evolved as a de
fence against conspecific brood parasitism. There are strong indications that conspe-
cific parasitism occurs among Redwings and a case of parasitism of a Redwing nest
by the closely related Fieldfare Turdus pilaris is described. The Redwings' reactions
against a foreign conspecific egg introduced into their nests were observed, and also
those exhibited against a Fieldfare egg which resembles Redwing eggs. The rejec
tion rate for foreign eggs was about 20%, which was statistically significantly higher
than the value for another experimental group for which no egg manipulations were
made but where the nest owners were exposed to a stuffed Fieldfare dummy. The
rate of Redwing aggression against a female conspecific dummy placed at the nest
was higher than that recorded, in experiments in the same area, against a Cuckoo
dummy placed at the nest. This reaction and the observed egg rejection behaviour
support the hypothesis that Redwings have evolved a defence against conspecific
brood parasitism.
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INTRODUCTION

Conspecific brood parasitism, where paraSItic
eggs are laid in the nests of conspecifics, has been
recorded for many precocial and altricial bird spe
cies (Yom-Tov 1980; Andersson 1984; Mac
Whirter 1989; Rohwer & Freeman 1989; Petrie &
M¢ller 1991). Several reports have documented
that such parasitism usually depresses the repro
ductive success of the host (Emlen & Wrege 1986;
Payne 1977; M¢ller 1987; Pinxten et at. 1993). If
the rate of conspecific brood parasitism in a popu
lation is relatively high and the parasitism repre
sents costs to the host, then one would expect the
host to evolve counter-adaptations as a defence
against the parasitic strategy (Payne 1977). Con-

specific parasitism may lead to adaptations and
counter-adaptations evolving within species simi
lar to those evolved in the coevolutionary arms
race between interspecific parasites and their
hosts (see e.g. Rothstein 1990).

Although the evidence for rejection of con
specific parasite eggs in nature is weak, some
avian hosts may to a varying degree be able to
counteract parasitism by ejecting the parasitic
egg, by deserting the nest, or by burying the para
sitic egg in the nest material (Arnold 1987; M¢ller
1987; Brown & Brown 1989; Pinxten et al. 1991a;
Lyon 1993; Sorenson 1995; Lyon & Everding
1996; see also Yom-Tov 1980; Andersson 1984;
Petrie & M¢ller 1991). For several species rejec
tion has been documented by experimentally in-
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troducing foreign conspecific eggs into their nests
(Victoria 1972; Emlen & Wrege 1986; Mpller
1987; Stouffer et ai. 1987; Pinxten et ai. 1991b;
Braa et ai. 1992; Jackson 1992; Moksnes 1992;
Moksnes & Rpskaft 1992; McRae 1995). Another
way to reduce the risk of parasitism is to guard the
nest against conspecifics (Emlen & Wrege 1986;
Mpller 1987;1989; Gowaty & Wagner 1988; Gow
aty et al. 1989; Hobson & Sealy 1989). Payne
(1977) has argued that interspecific brood parasit
ism may have evolved from conspecific parasit
Ism.

During experimental studies of host reactions
towards parasitism by the Cuckoo Cucuius can
orus, Moksnes et al. (1990 and unpubl.) found
that a large proportion (41 %) of Redwings Turdus
iliacus rejected artificial non-mimetic Cuckoo
eggs introduced into their nests. This indicates
that the Redwing has evolved counter-adaptations
against Cuckoo parasitism. However, very few
cases of such parasitism are known for the Red
wing or for the other Turdus species and there are
no records of Cuckoo eggs mimicking the eggs of
thrushes (Moksnes & Rpskaft 1995). In field ex
periments Redwings behaved aggressively to
wards a Cuckoo dummy in only 10% of all cases
(Moksnes et ai. 1990). Among potential Cuckoo
hosts a significant positive correlation was found
between the rejection rate of Cuckoo eggs and the
degree of aggression towards a Cuckoo dummy
(Moksnes et ai. 1990). In this context 10% is a rat
her low degree of aggressIon because the correla
tion suggests it should be about 50%.

With this background and because records of
Cuckoo parasitism are very rare, we propose two
explanations for the high rejection rate of Cuckoo
eggs by Redwings: (1) This behaviour is a relict
from an earlier history of interactions with Cuck
oos, whereby this Cuckoo gens became extinct
because of the Redwing's rejection ability. (2)
Redwings have developed such rejection behavi
our in response to conspecific parasitism. If rec
ognition of foreign conspecific eggs has evolved
in Redwings one should expect that they also
would be able to recognize non-mimetic Cuckoo
eggs. This idea is in accordance with the results of

Rothstein (1982) which show that species with re
jection behaviour will reject any egg that differs
to a certain degree, even if it is unlike the egg of
the parasite responsible for the evolution of rec
ognition. However, these two explanations are not
mutually exclusive. Conspecific parasitism has
not yet been clearly documented in the Redwing,
although, on several occasions, Moksnes & Rps
kaft (unpubl.) have observed the appearance of
two conspecific eggs per day during the laying
period. Against this background, we put forward
the hypothesis that Redwings have evolved a de
fence against conspecific brood parasitism. This
behaviour may generally have enhanced the re
jection of non-mimetic Cuckoo eggs. The present
study presents a test of this hypothesis based on
field experiments. Four predictions follow from
the hypothesis: (1) Replacement of a host egg
with a conspecific egg should result in a certain
degree of rejection. However, a parasitic conspe
cific egg with an appearance similar to the host's
eggs may be difficult to recognize. Several studies
have reported that the rejection rate increases
when the colour and patterning of the parasitic
egg are increasingly different from those of the
host (Victoria 1972; Braa et al. 1992; Moksnes
1992). Since the eggs of the Fieldfare Turdus pii
aris resemble those of the Redwing, except for
their slightly bigger size, they should be some
what easier for the host to recognize when laid
parasitically in a Redwing nest. We therefore pre
dict that (2) replacement of a host egg with an egg
of the Fieldfare, resembling a more contrasting
conspecific egg, should lead to a higher rejection
rate than if replaced with a conspecific egg.

If some Redwing females are conspecific par
asites, then it should be beneficial to guard the
nest against other females. We therefore predict
(3) that Redwings should more frequently behave
aggressively towards a conspecific female
dummy placed at the nest than towards a female
Cuckoo dummy, as already recorded by Moksnes
et al. (1990). We predict further (4) that aggres
sion towards a conspecific dummy should be
stronger and more frequent than towards a female
Fieldfare dummy. In addition to testing these pre-
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dictions, we also discuss the occurrence of con
specific brood parasitism among Redwings, based
on field observations during laying.

METHODS AND MATERIALS

Study area
The field work was carried out during the 1993

breeding season, from early May to the middle of
June. The study area was located near Trondheim
in Central Norway (63°10'N, 100 20'E) and con
sisted of three separate sites, all of which domi
nated by Grey Alder Alnus incana forest growing
on lowland riverbanks.

The «two eggs per day»criterion for indicat
ing brood parasitism

In this study the appearance of more than one
egg per day during the laying period was used as
a criterion for the occurrence of conspecific brood
parasitism. This is because passerines in general
are known to lay only one egg per day (Yom-Tov
1980; Romagnano et al. 1989; Jackson 1992). This
criterion has been widely used to detect brood
parasitism (Yom-Tov 1980; Brown 1984; Moller
1987; Kendra et al. 1988; Brown & Brown 1989;
Romagnano et al. 1990; Lyon et al. 1992; Lyon &
Everding 1996). The appearance of eggs in a nest
before the host's laying period had started, or af
ter it had finished, was also considered to indicate
parasitism. In accordance with this method, all
nests that were found prior to, or during, egg-lay
ing were checked every day during this period
and the eggs were numbered in sequence, using
waterproof ink. We were therefore also able to de
tect parasitism if a parasite had removed a host
egg when laying its own egg.

According to Ringsby et al. (1993), however,
the «two eggs per day» criterion is not an abso
lutely reliable method for confirming the exis
tence of conspecific brood parasitism (see also
Frederick & Shields 1986). In Fieldfares Lerke
lund & Ringsby (pers. comm.) and Moksnes &
Roskaft (unpubl.) have observed egg-laying inter
vals of about 20 hours. For the Redwing, which is

closely related to the Fieldfare, we have no data
on the normal laying interval. However, since lay
ing periods less than 24 hours do occur in Turdus
species, the possibility exists that two eggs could
have been laid between two visits by the observer
on consecutive days. Uncritical use of the method
could, in such cases, lead to host's eggs being
classified as parasitic eggs. In spite of this poten
tial source of error the «two eggs per day» cri
terion should be regarded as a strong indication of
conspecific parasitism among Turdus species.

Egg experiments
The experimental procedure was an attempt to

copy the behaviour of a real conspecific parasite.
One host egg was exchanged with a foreign con
specific egg since it is known that some conspe
cific parasites may remove host eggs during the
act of parasitism (Pinxten et al. 1991 a; 1993; Lom
bardo et al. 1989). For nests found during the lay
ing period, the egg exchange was as a rule carried
out after the host had laid its fourth egg. However,
we had difficulty in finding a sufficient number of
nests at the laying stage and some experimental
parasitism therefore also had to be done during
the incubation period. For nests found during the
latter period the eggs were floated (Hays & Le
croy 1971) to determine whether they were freshly
laid, or had already been partially incubated. The
breeding period was divided into two stages: (1)
laying, and (2) incubation. Altogether 89 nests
were found. In 71 (80%) ofthese nests the experi
ments were carried out during stage 1 and in 18
(20%) during stage 2.

The experimental procedure consisted of re
moving one of the host eggs and adding a foreign
experimental egg (either Redwing or Fieldfare).
All the eggs were numbered, using waterproof
ink. The experimental eggs were at the same de
velopmental stage as those of the host clutch into
which they were introduced.

Fieldfare eggs have approximately the same
ground colour and patterning as those of the Red
wing. However, they are slightly larger (Field
fare: mean 29.3 x 21.4 mm, Redwing: 26.3 x 19.3
mm; Haftorn 1971). We measured the length and
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breadth of the experimental eggs and of one of the
host's eggs in each nest, in order to calculate egg
volume; 0.51 x Length x Breadth2 (Hoyt 1979).

The colour contrast between the host eggs and
the introduced foreign egg was subjectively clas
sified into three categories, in regard to the overall
interclutch variation as: (1) Low; the foreign egg
could not be distinguished from the rest of the
clutch, (2) medium; the foreign egg could be dis
tinguished, but the difference was small or mod
erate, and (3) high; the foreign egg contrasted
markedly with the host's eggs (see also Braa et aI.
1992; Moksnes 1992).

After manipulation all nests were checked
regularly each day for at least six consecutive
days. If no ejection or desertion had been re
corded by the sixth day, the introduced experi
mental egg was considered to have been accepted.
If the bird had ejected or damaged either the in
troduced egg, or some of its own eggs, the event
was defined as an ejection.

Dummy experiments
The Redwing nestowners' aggression towards

a conspecific female or a Fieldfare female was
tested by using stuffed dummy females of the two
species placed at the edge of different nests. Each
experiment lasted until we were sure that the par
ent bird(s) had seen the dummy at their nest for at
least five minutes. The reactions of the nes
towner(s) during this period was recorded from a
hide some distance away. Their behaviour was
classified (in accordance with Moksnes et aI.
1990) into one of three groups: (1) No aggression;
the bird(s) had obviously seen the dummy, but did
not behave aggressively towards it, (2) mobbing;
the nestowner(s) mobbed the dummy, usually
from a distance of about 0.5-1.5 m, (3) attack; the
bird(s) attacked the dummy, resulting in physical
contact. Due to the similarity of male and female
Redwings it was not possible to record the sex of
the parent birds. The dummy- and egg-experi
ments were carried out simultaneously at the
same nests as a combined procedure; the parasitic
egg was introduced when the dummy was moun
ted. Each nest was tested only once. In a few ca-

ses in which there was doubt as to whether or not
the nestowner(s) really had seen the dummy,
these data were not included in the analyses.

Experimental groups
(1) Conspecific egg: In 32 nests one host egg

was removed and replaced with a foreign conspe
cific egg taken from another nest in the study
area. In addition, a female conspecific dummy
was placed at the nest. When calculating the egg
volumes, according to the method of Hoyt (1979),
there was no difference in size between the host
eggs and the experimental eggs (mean ± SD pro
portion =1.00 ± 0.13, n =24). The colour contrast
between the introduced egg and the host's eggs
was assessed in 24 nests; in 4 cases the contrast
was low, in 17 cases medium and in 3 cases high.
Of the 32 nests, 24 were at stage 1 and 8 at stage
2. However, 8 nests were depredated before the
outcome of the experiment was recorded.

(2) Fieldfare egg: In 28 nests one host egg was
removed and replaced with a Fieldfare egg taken
from a nest in the same study area. In addition, a
female conspecific dummy was placed at the nest.
The host's eggs were 0.72 ± 0.09 (n = 21) the size
of the introduced Fieldfare eggs and thus signifi
cantly smaller (Fi .42 = 4.81, P < 0.05). The colour
contrast was assessed for 21 nests; in 6 cases it
was low, in 7 cases medium and in 8 cases high.
This means that the assessed contrast was statisti
cally significantly higher than for group I (con
specific eggs) (x22 = 6.67, P < 0.05). Of the 28
nests in this experimental group 24 were at stage
1 and 4 at stage 2. Seven of these nests were de
stroyed by predators within 6 days after the ex
periment.

(3) Fieldfare dummy: In 29 nests the eggs
were touched and rearranged, but no egg manipu
lation was made. A Fieldfare dummy was placed
at the nest. Since the birds were not subject to any
stimulus from a parasitic egg this group could
possibly have been used as a control group in re
gard to the egg manipulation experiments. How
ever, one can not be sure that the Fieldfare in fact
represents a neutral stimulus. Of the 29 nests 23
were at stage 1 and 6 at stage 2. Ten nests were
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Experimental group Acceptance Ejection % Ejection

Table 1. Acceptance versus ejection in Redwing
clutches in relation to different experimental treat
ments. I Conspecific egg: One host egg was removed
and replaced by a foreign conspecific egg. II Fieldfare
egg: One host egg was removed and replaced by a
Fieldfare egg. In addition, a female Redwing dummy
was placed at the nests of experimental groups I and II.
III Fieldfare dummy: A female Fieldfare dummy was
placed at the nest, but no egg manipulations were
made.

depredated.
The distribution of nests between the develop

mental stages 1 and 2 was about the same in these
three experimental groups (X22 = 1.07, n.s.). The
mean clutch sizes for groups I and II were the
same (5.16 ± 0.68, n = 32 and 5.14 ± 0.76, n = 28,
respectively). For group III it was 4.86 ± 0.74, n =
29), not significantly different from either group I
(F159 = 0.32, n.s.) or group II (F1.55= 0.002, n.s.).

The statistical analyses of the data were made
using an SPSSIWIN., version 5.0 and Statgraph
ics, version 5.0 (STeS Inc. 1991). Tests are two
tailed unless otherwise stated.

RESULTS

I Conspecific egg
II Fieldfare egg
III Fieldfare dummy

19
15
18

5
4
o

20.8
21.1

o

Occurrence of possible conspecific brood para
sitism

During the 1993 breeding season a total of 44
of altogether 89 nests were checked daily
throughout the study period. By using the <<two
eggs per day» criterion, 15 nests were classified
as «parasitized», representing 34% of all nests
and 7% of all eggs (15 out of 220). There was no
indication that a nest was parasitized with more
than one egg and none of the nests were parasi
tized before or after the egglaying period. In one
nest, in which two new eggs appeared on the
same day, one of these differed markedly in co
lour from the other eggs in the clutch (contrast 3).
In the other cases where two eggs were laid on the
same day, the colour contrast between them was
within the normal intraclutch variation in egg ap
pearance. None of the host eggs disappeared in
these nests.

Reactions towards parasitic eggs
Two desertions in experimental group II and

one in group III were excluded from the material
because desertions can be caused by many factors
unrelated to egg recognition; in one case the rea
son was most probably that the nest was threat
ened by flooding due to extreme weather condi
tions. As predicted several cases of ejection were
observed both when canspecific eggs and Field-

fare eggs were introduced (Table 1) Ejection did
not occur in group III where no egg manipula
tions were made. The rate of ejection was statisti
cally significant higher in experimental group I
(20.8%) than in group III (Fisher test one-tailed,
df= 1, P = 0.050). The ejection rate in experimen
tal groups I and II was similar. Thus, the result for
group II (ejection rate 21.1 %) also differed cle
arly from that of group III (Fisher test one-tailed,
df = 1, P =0.059). The rejection rate of groups I
and II combined (20.9%) was also significantly
higher statistically than that recorded for group III
(Fisher test one-tailed, df = 1, P = 0.033).

There was no statistically significant differ
ences in rejection rates between stage 1 and 2,
neither for experimental group I (3118 versus 2/6,
respectively, Fisher test, df = 1, n.s.) nor for group
II (3118 versus 111, respectively, Fisher test, df =
1, n.s.).

In three of the five ejections in group I the in
troduced conspecific egg was selectively removed
without any damage to the host's own eggs. In the
two other cases one host egg was ejected together
with the foreign conspecific egg in one nest and in
the other nest only one of the host's own eggs was
ejected. In group II, where four Fieldfare eggs
were ejected, two were selectively ejected and
two were removed together with one of the host's
own eggs. The hosts thus experienced a mean cost
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Table 2. Host reactions towards dummies placed at the nest. No aggression: the bird(s) had obviously seen the
dummy, but did not behave aggressively towards it. Mobbing: the dummy was mobbed, usually from a distance of
about 0.5-1.5 m. Attack: the dummy was attacked, resulting in physical contact. For an explanation of the experi
mental groups see Table 1.

Experimental group

I + II Redwing dummy
III Fieldfare dummy

No aggression

26
16

Mobbing

17
o

Attack

5
10

% Aggression

45.8
38.5

of 0.44 own eggs per ejection in the two experi
ments combined.

There was no statistically significant relation
ship between the ejection rates and the colour
contrasts between the introduced experimental
eggs and the rest of the clutch. The proportion of
ejected eggs in clutches with low contrast (1) was
20% (2 out of 10 eggs), in clutches with medium
contrast (2) 25% (6 out of 24) and in clutches with
high contrast (3) 11% (1 out of 9) (Kendall's 'tB
tests, n.s.). In experimental group I, where a con
specific egg was introduced, the mean (± SD) vol
ume ratios between the host eggs and of the intro
duced eggs were 1.02 ± 0.13 (n = 19) for ac
cepted, and 0.94 ± 0.09 (n = 5) for ejected eggs
(FJ.22 = 1.59, n.s.). In experimental group II,
which received Fieldfare eggs, the ratios were
0.71± 0.09 (n = 15) for accepted, and 0.73 ± 0.07
(n =4) for ejected eggs (F].17 =0.015, n.s.).

Reactions towards Redwing and Fieldfare
dummies

When comparing the total rate of aggression
(mobbing and attack), this was a little higher to
wards the conspecific dummy (46%, Table 2) than
towards the Fieldfare dummy (39%) but the dif
ference was not statistically significant (X2 ] =
0.13, n.s.). However, the reactions of the aggres
sive birds were stronger towards the Fieldfare
dummy (higher frequency of attack) than towards
the conspecific dummy and this resulted in a sta
tistically significant difference in the behaviour
patterns towards the two dummies (Table 2; X22 =
15.91, P < 0.001).

The rate of aggression towards a conspecific

dummy was dependent on the number of parents
(one or two) at the nest during the experiment.
Both parents were at the nest during 27 experi
ments and the aggression rate for these cases was
67% (18 out of 27). When only one parent was at
the nest they were aggressive in 19% of the cases
(4 out of 21; X2] = 8.96, P < 0.01). No such rela
tionship was found for the reaction towards the
Fieldfare dummy (2 parents: aggression observed
in 5 out of 12 cases, 1 parent: 5 out of 14 cases;
Fisher test, df = 1, n.s.). Because the Redwing is
sexually monomorphic, it was not possible to re
cord any sexual difference in behaviour, but in all
cases where both parents were aggressive at the
nest (18 towards the Redwing dummy and 5 to
wards the Fieldfare) both were classified to the
same group (mobbing or attack). In three cases
during experiments with the Fieldfare dummy,
non-aggressive birds started incubation when the
dummy still was mounted at the nest's edge. Such
behaviour was never observed during the experi
ments with the Redwing dummy. During breed
ing stage (1) (laying), 36 experiments using a
Redwing dummy were carried out. In 18 (50%) of
these cases the nestowner(s) was aggressive to
wards the dummy. During incubation (stage 2),
the rate of aggression was 33% (4 out of 12; X2] =
0.45, n.s.). During stage (1) the birds of seven of
the 20 nests were aggressive towards the Field
fare dummy, while those of 3 out of 6 nests
showed aggression in stage (2) (Fisher test, n.s.).
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DISCUSSION

Occurrence of possible conspecific brood para
sitism

The occurrence of two eggs per day is a strong
indication that conspecific parasitism may occur
in Redwings. However, due to methodological
reasons discussed in the method section, clear
documentation is lacking. In any case, a parasit
ism rate of 34%, as found in this study, is rela
tively high compared to those reported in other
studies (see e.g. Moller 1987; Evans 1988; Kem
penaers et al. 1995). It is, however, important to
bear in mind that this rate could represent an
overestimation due to the potential source of error
involved.

During earlier field work in the study area
(1989) we found a foreign conspecific egg on the
ground under a Redwing nest in which incubation
had started (Moksnes & Roskaft unpubl.). This
could have been a parasitic egg ejected by the
host. In another case it was by direct observation
documented that a Redwing was parasitised by a
Fieldfare. This happened in 1990 when a Field
fare was seen arriving at a Redwing nest under
observation and laid an egg without removing any
of the host's eggs (Moksnes & Roskaft unpubl.).
The Fieldfare egg was accepted by the Redwing
host. This observation is highly relevant and im
portant in the discussion of evolution of antipara
site behaviour in Redwings. Use of DNA finger
printing methods is necessary to exactly quantify
the degree of conspecific parasitism (see Kempe
naers et a1.1995; and references therein).

Reactions towards parasitic eggs
Since support was found for prediction (I)

this study has documented an ability in Redwings
to recognize foreign conspecific eggs introduced
into their nests. They also show this ability
against the similarly coloured Fieldfare eggs. Pre
diction (2), claiming that introduced Fieldfare
eggs should be rejected at a higher rate than para
sitic Redwing eggs, was not supported, because
the rejection rates for experimental groups I and
II were similar. It would therefore seem that the

Redwings are not able to distinguish between par
asitic Fieldfare eggs and Redwing eggs, although
there were statistically significant differences in
both size and colour contrast with the host eggs
(seen with the human eye) between these two ty
pes of experimental eggs. The reason for this is
probably that the eggs of these two species are too
similar in colour and that the Redwings have not
used the actual size difference as a cue (as for ex
ample has been documented in the African Vil
lage Weaverbird Ploceus cucullatus (Victoria
1972), the Common Reed Bunting Emberiza
schoeniclus and the Willow Warbler Phyllosco
pus trochilus (Moksnes & Roskaft 1992).

Reactions towards Redwing and Fieldfare
dummies

One host strategy against conspecific brood
parasitism should be to react aggressively to
wards a conspecific female intruder. In this study,
aggression towards the Redwing dummy was re
corded in 46% of all cases. This rate of aggression
is statistically significantly higher than that re
corded by Moksnes et al. (1990) for aggression to
wards a Cuckoo dummy in the same area (10%;
X2 ) = 6.97, P < 0.01). These results support pre
diction (3) and thus indicate that Redwings regard
a conspecific female as a more serious threat than
a Cuckoo. On the other hand, the nestowners' ag
gression rate towards the Fieldfare dummy (39%)
was also almost statistically significantly higher
than that towards the Cuckoo dummy (X2) =3.71,
P = 0.054). There is also a possibility that the rea
son for the low aggression against the Cuckoo
dummy is that this is a learned reaction, i.e. Red
wings would not consider Cuckoos as enemies
because they are not currently parasitised. How
ever, other species which are not currently para
sitised, like the Willow Warbler, show a very
strong and frequent aggression against Cuckoos
(Moksnes et al. 1990; Moksnes & Roskaft 1992).

The results provided no support for prediction
(4), that the Redwings should show stronger and
more frequent aggressive behaviour towards the
conspecific than towards the Fieldfare dummy. In
fact, there was no significant difference in the fre-
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quencies of aggression (mobbing and attack)
shown towards the two dummies, and, contrary to
the prediction, the reactions were significantly
stronger against the Fieldfare dummy, because all
the aggressive individuals physically attacked the
dummy and mobbing was not observed. Use of a
Fieldfare dummy was intended to allow a com
parison to be made between the reactions towards
a conspecific dummy and those towards a neutral
control dummy (see e. g. McLean 1987; Briskie &
Sealy 1989; Moksnes & R0skaft 1989). From the
recorded reactions of the nestowners it seems ob
vious that this assumption was not correct.

Parasitic eggs laid early in the host's breeding
cycle have a greater chance to hatch than eggs
laid later on. The risk of brood parasitism is there
fore highest during the egg-laying period. If the
aggression shown by the nestowners is mainly a
reaction that has evolved to conspecific brood
parasitism and if there are costs (for example in
creased predation risks) incurred by adopting this
behaviour pattern, one would expect to find stron
ger and more frequent nest guarding in stage 1
(laying) than during incubation (stage 2) (see e.g.
Gowaty & Wagner 1988; Briskie & Sealy 1989;

Hobson & Sealy 1989; M011er 1989; Moksnes et at.
1990). Such a tendency, although not significant,
was found for the reactions towards the potential
parasite, the Redwing, but not towards the Field
fare dummy. However, this support for parasite de
fence is weak, because of the lack of significance.

It is assumed that the host female should be
more aggressive towards a female intruder than
the host male (M011er 1987; Hobson & Sealy
1989; see also Gowaty & Wagner 1988; Gowaty et
at. 1989; Forslund & Larsson 1995). The reason
for this might be that the male, in such a situation,
would benefit from possible extrapair copula
tions, while it is important for the female to avoid
intrasexual competition and to guard against con
specific parasitism. However, the results from the
present study indicate that a similar degree of de
fence was shown by the two sexes, since in cases
when both parents were aggressive at a nest they
were both recorded as showing the same degree
of aggression (mobbing or attack).

There could be several (speculative) explana
tions for the aggression by the Redwings towards
the Fieldfare dummy. One could be that, in gen
eral a bird of that size seen close to the nest will
represent a risk of predation and that it would pay
to drive it away as soon as possible. However, the
Redwings were significantly less aggressive to
wards a stuffed Cuckoo (Moksnes et at. 1990),

which is a heavy egg predator on host species
(own unpubl. data). We therefore consider this ex
planation to be unlikely. Another possibility is
that the Redwings regarded the Fieldfare as a par
asite and as described above, one observation of a
Fieldfare egg being laid in a Redwing nest does
exist. Conspecific brood parasitism most prob
ably occurs among Fieldfares (Ringsby et at.
1993). Some Redwing hosts sat on the nest during
the presence of the Fieldfare dummy. Since this
behaviour would prevent the parasite from laying
an egg in the nest, it could be interpreted as a de
fence against parasitism. This reaction has been
described previously for two other passerine spe
cies when faced with a parasite dummy placed at
their nest (Hobson & Sealy 1989; Moksnes et at.
1990). A third explanation could be that interspe
cific territoriality exists between the two species
(Robinson 1989; Hoi et at. 1991). It is possible
that they may compete for food and in some cases
also for nest sites (Haftorn 1971; Cramp 1988).
However, no data exist that could support this ex
planation.

Have adaptations towards conspecific brood
parasitism been evolved by Redwings?

This study has yielded two main findings that
support the hypothesis that Redwings have evol
ved a defence against conspecific parasitism.
Firstly, a proportion of the population was clearly
able to recognize and reject conspecific parasitic
eggs, and secondly, their rate of aggression at the
nest was higher towards conspecific females than
towards Cuckoo females. A critical question,
however, is whether or not such egg rejection be
haviour could have evolved at some time in the
past against Cuckoo parasitism from a gens which
is now extinct. If this underlies the present-day
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ability to recognize foreign conspecific eggs, then
the Cuckoo gens in question must probably have
laid highly mimetic eggs. But there are no records
of such Cuckoo eggs being found in either Red
wing clutches or those of other Turdus species
(Baker 1942; Moksnes & R0skaft 1995). However,
this gens could have been a very old one which
has thus escaped description by older naturalists.
Against this possibility, one could argue that since
rejection of mimetic eggs involve costs (in this
study 0.44 own eggs per ejection), natural selec
tion should have counteracted rejection behaviour
in the absence of parasitism, and that this ability
should have disappeared (see Cruz & Wiley 1989;
Marchetti 1992). Therefore it seems probable that
conspecific parasitism is the main selective force
behind the observed egg rejection by Redwings.
However, Cuckoo parasitism may still have con
tributed to the evolution of this behaviour but this
seems less likely in light of the fact that rejection
rates among current Cuckoo hosts appear to fluc
tuate over relatively short time periods in relation
to parasitism risk (Brooke et at. 1998). Since egg
rejection ability is known to increase with an in
creasing contrast between the parasitic egg and
the host eggs (Victoria 1972; Braa et al. 1992;
Moksnes 1992) one would expect that Redwings
should reject non-mimetic Cuckoo eggs at a hig
her rate than conspecific eggs. This has been con
firmed by comparing the results of Moksnes et al.
(1990) and by those of the present study. The re
jection rate of Cuckoo eggs (41 %) is high com
pared to the frequency of aggression shown to
wards the Cuckoo dummy (10%). Such a differ
ence is just what would be expected if the rejec
tion rate is maintained through conspecific para
sitism and if there has been a negligible selection
for aggression towards the Cuckoo.

In conclusion, the results of the present study
support the hypothesis that the Redwing has evol
ved a defence against conspecific brood parasit
ism. It is documented in one case that the Red
wing has been parasitized by the closely related
Fieldfare and there are, furthermore, strong indi
cations that conspecific parasitism occur among
Redwings. The defence mechanisms documented

in this study represent further support for its exis
tence.
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SAMENVATTING

Eieren van de Koekoek Cuculus canorus, experimen
teel in nesten van de Koperwieken Turdus iliacus gede
poneerd, blijken in veer gevallen te worden geweigerd.
Dit op het eerste gezicht voor de hand liggende resul
taat is opvallend, omdat lijsters maar bij hoge uitzonde
ring door Koekoeken geparasiteerd worden. De onder
zaekers veronderstelden daarom dat de bij Koperwie
ken klaarblijkelijk sterk ontwikkelde afkeer van
'vreemde' eieren zou kunnen zijn veroorzaakt door het
(frequent) voorkomen van conspecifiek nestparasi
tisme. In dit artikel worden de resultaten van veldexpe-

rimenten gepresenteerd waarmee de hypothese werd
onderzocht dat Koperwieken daartegen een verdedi
gingsmechanisme hebben ontwikkeld. Hiertoe werden
vier voorspellingen getoetst. Ten eerste werd veronder
steld dat het vervangen van een ei door een 'vreemd' ei
van een soortgenoot in een aantal gevallen tot afstoting
zou moeten !eiden. Omdat er individuele variatie be
staat in de kleur en vlekkenpatroon van koperwiekei
eren, lag het voor de hand aan te nemen dat sterk afwij
kende eieren van soortgenoten eerder geweigerd zou
den worden dan exemplaren die sterk op die van de
gastheer leken. Ten tweede werd, in aansluiting op het
voorafgaande, aangenomen dat de iets grotere, maar
verder sterk gelijkende eieren van Kramsvogels Turdus
pilarus vaker geweigerd zouden worden dan die van
soortgenoten. Ten derde, omdat het defensiemecha
nisme als gevolg van conspecifiek nestparasitisme zou
zijn ontwikkeld, werd verondersteld dat Koperwieken
agressiever zouden reageren tegen een opgezette soort
genoot in de omgeving van het nest dan bijvoorbeeld
tegen een opgezette Koekoek. Tenslotte werd veronder
steld dat deze reactie ook sterker zau zijn ten opzichte
van een opgezette Koperwiek bij het nest dan tegen een
opgezette Kramsvogel. 'Vreemde' eieren werden in ge
middeld 20% van de gevallen geweigerd, maar het
maakte daarbij niet uit of het vreemde ei een duidelijk
afwijkende kleur had ten opzichte van het oorspronke
lijke legsel. Ook werden eieren van Kramsvogels niet
vaker geweigerd dan die van soortgenoten. In een con
trolegroep (zander verwisselde eieren) werd geen enkel
ei afgestoten. De agressieve reacties van Koperwieken
op opgezette dummies in de omgeving van het nest wa
ren het felst tegen vrouwelijke soortgenoten en het
minst tegen een Koekoek. De resultaten ondersteunen
de gedachte dat conspecifiek nestparasitisme ten grond
slag ligt aan het verdedigingsmechanisme.
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