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Nest defense by Iberian azure-winged magpies
(Cvanopica cyanus): do they recognize
the threat of brood parasitism?

J.M. AviLES and D. PAREJO

Departamento de Ecologia Morfoldgica y Funcional, Estacion Experimental de Zonas
Aridas, C.S.1.C., General Segura 1, E-04001 Almeria, Spain

Received 9 February 2006, accepted 28 June 2006

The ultimate goal of nesting is the production of young and therefore pre-
dation and brood parasitism may constrain reproductive success. Breeding azure-
winged magpies (Cyanopica cyanus) were exposed to mounts of an sparrowhawk
(Accipiter nisus) (i.e. an avian predator on adult and fledged chicks), a female
great spotted cuckoo (Clamator glandarius) (i.e. a brood parasite that also preys on
eggs and chicks), and a mistle thrush (Turdus viscivorus) (i.e. an innocuous con-
trol) at different stages throughout the breeding cycle. In addition, the nest defen-
sive behaviour of the azure-winged magpie and the common magpie (Pica pica)
(the current favorite host for the great spotted cuckoo in Iberia) were compared.
Azure-winged magpies behaved more aggressively (i.e. higher intensity and short-
er latency to an aggressive response) towards the brood parasite and the predator
mounts than towards the control. The number of individuals defending a nest was
higher when exposed to a predator than to a control or a brood parasite. Aggres-
siveness against the brood parasite mount was not higher at laying as compared to
other breeding periods. Azure-winged magpies defended more intensely than mag-
pies when facing a great-spotted cuckoo, although the number of birds attacking
the decoy was similar for both species. Thus, azure-winged magpies appear to per-
ceive a different level of threat and defend their nests accordingly. We discuss the
relevance of these results in explaining the current absence of brood parasitism in
Iberian azure-winged magpies.

KEY WORDS: avian brood parasitism, Cyanopica cyanus, Clamator glandarius, nest
defence, nest predation.
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INTRODUCTION

Nest defense is a conspicuous component of parental care in birds that reduc-
es loss caused by egg and nestling predation (ANDERSSON et al. 1980, GREIG-SMITH
1980, KNIGHT & TEMPLE 1986). Despite the obvious fitness benefits of nest defense,
this behavior could be costly for parents due to the loss of time and energy (BIER-
MANN & ROBERTSON 1983). Indeed, while defending their nests, parents are unable to
feed their offspring (e.g. Curio 1975), and they may be injured or killed (e.g. Curio
& REGELMANN 1985), or attract other potential threats (e.g. ROBERTSON & NORMAN
1976, 1977; SMITH et al. 1984; see however GILL et al. 1997). The balance between
these costs and benefits would determine the optimal level of defense for a given
individual in a given situation (e.g. REDONDO 1989).

Nests of many passerine birds are simultaneously threatened by predators and
brood parasites. Brood parasitism can impose the same or higher costs than pre-
dation (ROTHSTEIN 1990). For instance, parasitic cuckoo (Cuculus canorus) females
often remove one or more host eggs from parasitized nests while laying, and the
cuckoo hatchling ejects all host eggs or chicks from the nest (DAviEs 2000). Great
spotted cuckoos (Clamator glandarius), however, can prey upon host eggs and chicks
as a measure of extortion to force acceptance of parasitism (mafia behaviour, SOLER
M. et al. 1995). Also, the shorter incubation periods and faster relative growth of
great spotted cuckoo chicks as compared to their hosts result in a drastic reduc-
tion of host breeding success (SOLER J.J. & SoLER M. 2000). Hence, the level of nest
defense exhibited by hosts of avian brood parasites may be affected by either brood
parasitism and/or predation (SEALY et al. 1998, Grim 2005). Indeed, GILL & SEALY
(1996) reported that yellow warblers (Dendroica petechia) showed a more aggressive
behaviour towards a mounted brown-headed cowbird (Molothrus ater) during their
egg laying stage when cowbird parasitism occurs, but that the level of aggressiveness
against the mounted parasite decreased after this period (see also NEUDORF & SEALY
1992). In addition, R@SKAFT et al. (2002) found that the level of nest defense and the
rate of rejection of artificial cuckoo eggs (i.e. a defensive behaviour influenced by the
strength of brood parasitism) were positively correlated among hosts of the European
cuckoo, suggesting that nest defense may be shaped by brood parasitism.

The azure-winged magpie Cyanopica cyanus is a social small corvid with a
disjunct distribution. It occurs widely in the eastern Palearctic and it is found in
a smaller geographical area in Spain and Portugal (CRAMP & PERRINS 1994). Azure-
winged magpies are sympatric over most of their range with common cuckoos and
great spotted cuckoos in the Iberian Peninsula (CRAMP & PERRINS 1994). However,
although the azure-winged magpie is frequently parasitized by the common cuckoo
in the eastern Palearctic (NAKAMURA et al. 1998), no evidence of common cuckoo
parasitism has so far been reported for the Iberian populations (reviewed in AVILES
2004, VALENCIA et al. 2005). There is, however, strong evidence of great spotted
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cuckoo parasitism on Iberian azure-winged magpies in the recent past (FRIEDMANN
1964, SoLER J.J. et al. 2003), although this parasitic species preferentially parasi-
tises magpies (Pica pica) and hooded crows (Corvus corone) at present (SOLER M.
1990). Indeed, REpONDO & ARIAS DE REYNA (1989) showed that experimentally intro-
duced great spotted cuckoo chicks had similar success in azure-winged magpie and
in magpie nests suggesting that azure-winged magpies may be suitable great spot-
ted cuckoo hosts.

The first aim of the present study was to determine whether azure-winged
magpies differentiate among threat types. To answer this question we tested the
response of azure-winged magpies to three different mounted birds, a predator, the
sparrowhawk (Accipiter nisus), a female brood parasite, the great spotted cuckoo,
and a control, the mistle thrush (Turdus viscivorus) at different stages throughout
their breeding cycle. We selected the great spotted cuckoo as the target avian brood
parasite for our experiment and disregarded the common cuckoo because no evi-
dence of common cuckoo parasitism has ever been reported for the Iberian Penin-
sula (see above). If azure-winged magpies can differentiate these mounted birds,
then we would expect threat specific responses. More specifically, we expect a maxi-
mal response to the adult and fledging predator (i.e. sparrowhawk), an intermediate
response to the brood parasite and egg and chick predator (i.e. great spotted cuck-
00) and a minimal response to the control (i.e. the mistle thrush). Because azure-
winged magpies may perceive great spotted cuckoos as a brood parasite, but also
as a nest predator, we do not expect a higher level of nest defense against the brood
parasite at laying as compared to the nestling phase.

The second aim of this study was to test whether differences in the level of
nest defense by azure-winged magpies and magpies may provide a plausible expla-
nation for the current absence of great spotted cuckoo parasitism on Iberian azure-
winged magpies. Previous studies have found that the Iberian azure-winged magpie
showed a remarkable ability to discriminate and reject great spotted cuckoo eggs
(Arias DE REYNA & HIpALGO 1982, ArRIAS DE REYNA 1998, AviLEs 2004). In addition,
VALENCIA et al. (2005) have argued that the consistent high predation rate suffered
by azure-winged magpies across the years may prevent parasitism simply because
it is maladaptive for great spotted cuckoos. Alternatively, the current low levels of
observed brood parasitism may result from communal defense in the azure-winged
magpie (REDONDO & ARIAS DE REYNA 1989, Arias DE REYNA 1998), which might
induce a high level of defenses, irrespective of the type of threat. We address this
last possibility by comparing azure-winged magpie and magpie (the current favorite
host for the great spotted cuckoo in Iberia) nest defensive behaviour against a
mounted brood parasite. We expected azure-winged magpies to defend more aggres-
sively than magpies.

METHODS

Study species

The Iberian azure-winged magpie is a flexible cooperative breeder that displays helping
at different stages of the breeding cycle (VALENCIA et al. 2003). Azure-winged magpies usually
lay five or six eggs (range 2-8) and most first clutches are found in April and the first week
of May (J.M. AvIiLES own data). Magpies usually lay six or seven eggs (range 2-10) (SOLER M.
et al. 1996), and laying in the study area occurs in March and April (J.M. AVILES own data).
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Only females of the two species incubate the eggs, starting some days after the first egg is laid
(KoMEDA et al. 1987, BIRKHEAD 1991). We have failed to find signs of parasitism by the great
spotted cuckoo in the 76 azure-winged magpie breeding attempts studied in our population
for this and previous studies, although nearly 15% of magpie Pica pica nests in the study area
were parasitized (AVILES 2004).

Study area

The field study was carried out in the surroundings of Guadiloba reservoir near Caceres
(37°18'N, 3°11'W), southern Spain during March-June 2003-2004. The study area approximate-
ly comprised 400 ha in which azure-winged magpies and magpies breed sympatrically with
the great spotted cuckoo in a wooded plot of holm oak trees Quercus ilex (see AvILES 2004 for
further details).

Experimental procedure

Azure-winged magpie nests were found by systematically searching appropriate habitats
at the beginning of the 2004 breeding season. Once found, nests were monitored every 2 days
until they fledged or failed. A total of 24 azure-winged magpie nests were used for this experi-
ment, which represented about the 80% of the nests in the study area. Each pair was tested
for nest defense 3 times in a day by alternatingly presenting taxidermic mounts of a predator,
the sparrowhawk, a female brood parasite, the great spotted cuckoo, and a control, the mis-
tle thrush. The sparrowhawk is a common predator in our study area that may potentially eat
fledgling and adult azure-winged magpies, although we have no direct evidence for our popula-
tion. The great spotted cuckoo is a potential brood parasite of the azure-winged magpie, and
current evidence would suggest that this parasite used azure-winged magpies in the recent past
(AvILES 2004). Furthermore, great posted cuckoos can prey upon host eggs to force acceptance
of parasitism (SOLER M. et al. 1995), and the azure-winged magpie may therefore also perceive
them as nest predators. The mistle thrush is a regular but uncommon breeder in our area and
slightly smaller than the great spotted cuckoo (125 g vs 153 g for a female great spotted cuck-
00). While the size of control species should be similar to that of the brood parasite (SEALY et al.
1998), all passerines similar in size to female cuckoos are known to prey on azure-winged mag-
pie nests. In addition, some studies have shown that host responses to control species differing
in size were consistent (see review in SEALY et al. 1998). Although the use of several mounts per
species is preferable, only one mount was used in this study because the brood parasite and
the predator are protected species by the Spanish law. We realize this may affect our results if
for instance strangely coloured glass eyes or taxidermist’s treatment blocking feather reflectance
were used in one mount but not the others. However, mounts were prepared at the University
of Extremadura by a single person who used glass eyes exactly resembling the original ones and
did not apply any taxidermist treatment to the feathers.

We placed decoys at 0.5 m from the nest at the same height and attached directly to the
available vegetation. Mount presentation order was always randomized for different nests and
decoys were presented with at least 2 hr between consecutive trials at a single nest. This time
interval between two trials is sufficient to prevent carry-over aggression because we noted that
azure-winged magpies readily returned to their nests when a trial was finished (see also GILL
& SEALY 1996). In addition, we did not present decoys to nests neighbouring any location
where we had already made a presentation that day. We tested each nest only once (three
trials) from egg laying to chick fledging. Theoretically, if birds discriminate between threats
and react optimally, defensive intensity of the azure-winged magpie should peak during the
laying in response to parasitism (e.g. GILL & SEALY 1996, SEALY et al. 1998), and during late
the nestling period in response to predation (e.g. REDONDO & CARRANZA 1989). Therefore, we
randomized our observations throughout the breeding period, and for statistical analyses we
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divided the breeding stage of the azure-winged magpie into four discrete categories: 1 = lay-
ing, 2 = incubation, 3 = chicks younger than 5 days, and 4 = chicks older than 5 days.

Observations were made approximately 100 m from the nest between 9.00 and 21.00 hr.
For analyses we divided the time of day into three discrete periods: (a) morning (9.00 to 13.00
hr); (b) afternoon (13.00 to 17.00 hr) and (c) evening (17.00 to 21.00 hr). The duration of obser-
vation was 10 min and it began when the investigator arrived at the observation hide 100 m
from the nest after attaching the mount, which was approximately the time when nest owners
returned to the nest (i.e. within 10 m of the nest and mount) after researcher disturbance. We
consider the decoy as detected if an azure-winged magpie flew within 5 m of the nest during
the 10 min observation. After detection, we recorded as measures of the level of aggressiveness:
the intensity of the response, number of recruits and response latency. We rated the intensity
of response from 1 to 4: 1 is “no reaction” (host was near the nest during the observations but
did not pay attention to the decoy, in some cases it even returned to the nest and sat on the
eggs); 2 is “alarm calling” (the host performed alarm calls in response to the decoy); 3 is “mob-
bing” (the host flew around the decoy or dived close to it once or several times, but without
touching it; 4 is “ attack” (the host vigorously attacked the decoy and touched its body). In the
last case the experiment was terminated as soon as the azure-winged magpies started to attack
the mount. Sometimes more than one individual responded to the mount during the observa-
tion, and we then only recorded the strongest response. Because communal defense of nests has
been reported for the azure-winged magpie (REDONDO & ARIAS DE REYNA 1989, ArRias DE REYNA
1998), we also recorded the number of birds recruited in each trial, and the time in seconds to
the strongest reaction after a mount was detected, termed response latency. If the nest owner
did not respond (Intensity 1), we arbitrarily recorded the latency as the difference between the
detection time and the end of the trial in seconds (any number above the maximum response
time would be adequate for the analyses) (GILL et al. 1997).

In 2003, following the same experimental procedure, we also recorded magpie response
to the presence of a great spotted cuckoo mount at 26 nests in the same study area. In that
case only intensity of response and number of recruits were recorded.

Statistical analyses

We used a generalized linear model (GENMOD procedure; SAS Institute 1996) to test
for the association between the probability of decoy detection by azure-winged magpies and
decoy type, breeding stage, and time of day. Probability of decoy detection was modeled as
a binomial response variable (1 = detection, 0 = no detection) using a logistic link function.
Mixed linear models (MIXED procedure in SAS) were used to test the fixed effect of breeding
stage, time of day and decoy type on intensity of response, number of recruits and response
latency. Nest was introduced in these models as a random effect to account for dependence
among trials performed at a single experimental nest. Tukey tests were used to determine the
significant differences between group means. Finally, we used two-way ANOVAs (GLM proce-
dure in SAS) to examine whether azure-winged magpies and magpies differ in nest defense
intensity and/or number of individuals recruited to defend against a great spotted cuckoo
mount. Breeding stages of the azure-winged magpie were recoded for this last analysis as 1 =
laying and 2 = the rest of the breeding period, because all magpie expositions were performed
before the chicks hatched. We did not include time of day in this analysis because it was
not recorded in 2003 (when the magpies were tested). However, this should have a negligible
effect on our results because great spotted cuckoo presentations at magpie nests were rand-
omized throughout the day. Starting models contained all the main effects plus all possible
interactions except for the analysis of the probability of decoy detection in which we were
just able to test main effects. Model selection was carried out by backward elimination.

It should be noted that we treated intensity of nest defense as a quantitative variable,
which might affect our conclusions since intensity is a ranked category. Non-parametric sta-
tistical techniques do not allow controlling for other factors such as time of day and stage of
nesting, which are factors likely to influence the intensity of defense. However, because these
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factors proved to be non-significant using parametric approaches (see results) we also ana-
lyzed variation in intensity of defense by using non-parametric tests.

RESULTS

Probability of decoy detection

The chance of detection differed among the types of decoys (x> = 6.41, df = 2,
P = 0.04). Detection of the predator decoy occurred at 100% of the 24 tested pairs,
while 88.3% and 75% of those pairs respectively detected the brood parasite and the
control decoys. Neither breeding stage (x> = 7.19, df = 3, P = 0.07), nor time of day
(x* = 0.72, df = 2, P = 0.70) affected the probability of detection. However, the data
do not allow us to test for the possible random nest effect due to a null variation of
detection probability against the predator decoy. Therefore, because random nest
effects are likely to occur (see analyses below), we should consider these results as
merely informative.

Intensity of response

After detection, the type of decoy influenced the intensity of response by
azure-winged magpies (Table 1). Azure-winged magpies behaved more aggressive-
ly against the predator and parasite decoys than against the control (Fig. 1), but
the intensity of response was similar when facing a parasite or a predator decoy
(Fig. 1). The random effect of nest was significant (Table 1), implying that some
pairs always were more aggressive than others. Breeding stage did not determine
response intensity as a main effect or as an interaction term. None of the other
tested effects significantly affected the intensity of response (Table 1). Our results
were qualitative conformed when using non-parametric Friedman ANOVAs in which
we could not control for the time of day and the stage of the nesting period ()x2,=
18.14, df = 2, P < 0.0001). Hence treating intensity as a quantitative variable seemed
not to affect our results.

Number of recruits

After detection, the number of recruits depended on the decoy type (Table
1). The number of recruits defending the nest increased from control and parasite
to the predator decoy (Fig. 2). However, the number of recruits did not vary when
azure-winged magpies were exposed to either the control or the parasite decoy (Fig.
2). The mean number of azure-winged magpies involved in nest defense was around
two only when nests were exposed to the predator decoy (Fig. 2). None of the other
tested effects was significant in the model (Table 1).

Response latency

Response latency time varied with decoy type (Table 1). Azure-winged magpies
responded sooner to the predator and the parasite than to the control decoy (Fig.
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Table 1.

Results of the mixed linear models on the effect of decoy type (predator, brood parasite and con-

trol), breeding stage (laying, incubation, chicks younger than 5 days and chicks older than 5 days),

time of day (9.00 to 13.00 hr, 13.00 to 17.00 hr and 17.00 to 21.00 hr) and nest (as a random effect)

on azure-winged magpie nest defense. Nest defense was measured as intensity of response against

the decoy (1 = no reaction, 2 = alarm calling, 3 = mobbing and 4 = attack), number of recruits and
response latency (see methods). Significant results are in bold type.

Independent effect

Intensity of response

Number of recruits

Response latency

Decoy type

Breeding stage

Time of day

Decoy type* Breeding stage

F,36 = 9.38, P = 0.0005

Fi3=0.93, P = 0.43
F, 3= 0.66, P = 0.52
Feo= 1.70, P = 0.16

Fy 3= 4.38, P = 0.02 F, ;= 10.00, P = 0.0004

F336=0.65, P = 0.59
F,3,=0.05 P =0.95
Fs,5=2.24, P = 0.08

Fiy3= 044, P =0.73
F,34=0.78, P = 0.47

Fes = 0.69, P = 0.66
Fs, = 0.48, P = 0.78
Fi.=0.79, P = 0.54

Time of day* Breeding stage Fs,5=0.95, P =047

F,, =027, P =0.89

Feos=1.90, P = 0.11

Decoy type* Time of day F4,=2.02, P=0.13

Time of day* Breeding stage* Fy = 1.76, P = 0.20

Fiy0=3.45 P=008  F ,=0.13P=072

Decoy type
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Fig. 1. — Mean (+ SE) intensity of response against the different decoy types. Sample size refers to

tested nests in which detection of the decoys occurred. Results of post hoc Tukey tests are shown on
horizontal lines joining the means under consideration.
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3), although response latency time did not vary between the parasite and predator
treatments (Fig. 3). This response was not independent of the nest (random effect
of nest, Table 1), which suggests that different pairs have different aggressiveness
irrespective of stimulus type. No other significant effect was detected for response
latency (Table 1).

Response to parasite decoy by azure-winged magpie and magpie hosts

The intensity of defense after detection of the brood parasite decoy varied
between the azure-winged magpies and the magpies (Two-way ANOVA: species
effect, Fy 4, = 4.31, P = 0.04). The great spotted cuckoo decoy elicited a stronger
response from the azure-winged magpie than from the magpies (mean intensity =+
SD, 2.50 + 1.27, N = 20 in the azure-winged magpie versus 1.77 + 1.10, N = 26 in
the magpie). The breeding stage did not affect the intensity of response to the great
spotted cuckoo decoy neither as a main effect (breeding stage effect, F; 43 = 0.27,
P = 0.60), nor in an interaction (interaction term, F,4, = 0.18, P = 0.67). A Mann-
Whitney U Test confirmed the differences in intensity between azure-winged mag-
pies and magpies (U = 174.00, P = 0.05).

In contrast, the number of individuals defending a nest after detecting a great
spotted cuckoo decoy did not differ significantly for azure-winged magpies and
magpies nests (Two-way ANOVA: species effect, F| ;5 = 0.05, P = 0.82; breeding stage
effect, Fy,,=1.10, P = 0.30; interaction term, F;,,= 3.23, P = 0.08).

DISCUSSION

Azure-winged magpies discriminated among the different threats as simulated
by exposure to three different mounted birds. They behaved more aggressively (i.e.
at a higher intensity and with a shorter response latency) when exposed to a great
spotted cuckoo and to a sparrowhawk than when they were exposed to a mistle
thrush (Figs 1, 3), which suggests that azure-winged magpies discriminate between
threat and no-threat. Furthermore, the number of individuals involved in defense
was larger when the nests were exposed to a predator than to a mounted control
or to a brood parasite (Fig. 2), suggesting that they may also differentiate between
different levels of threat. Aggressiveness by the azure-winged magpie towards the
mounted great spotted cuckoo was not higher at laying as compared to the other
breeding periods, despite the fact that this is the time when the threat of parasitism
by the great spotted cuckoo should be at its highest. Therefore, the azure-winged
magpie seems to recognize great spotted cuckoos as a threat unrelated to their
brood parasitic habits. Finally, azure-winged magpies did not increase their aggres-
siveness towards the predator in relation to the reproductive value of their offspring
suggesting that they did not perceive the sparrowhawk as an egg and/or chick pred-
ator, but as a major threat to themselves.

Azure-winged magpies did not perceive great spotted cuckoos as a brood para-
site but seemed to recognize it as a threat. SEALY et al. (1998), studying the level of
defense shown by hosts of the brown-headed cowbird, found that rejecter species of
parasitic eggs responded to a mounted cowbird and control with similar aggressive-
ness, which was interpreted as a low proneness of rejecters (with low brood para-
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site costs) to evolve intense nest defense against a parasite (ROBERTSON & NORMAN
1976, 1977). The azure-winged magpie readily rejects great spotted cuckoo eggs
when they are artificially introduced into their nests (ArRiaAs DE REYNA & HIDALGO
1982, Arias DE REYNA 1998, AviLEs 2004). Consequently, this behaviour would pre-
dict a low level of nest defense against the mounted brood parasite according to
ROBERTSON & NORMAN's (1977) hypothesis. However, the azure-winged magpie
behaved more aggressively towards the great spotted cuckoo than it did towards
the control, suggesting that the parasite was perceived as a threat. Azure-winged
magpies may perceive great spotted cuckoos as nest predators. Indeed, previous
studies have shown that great-spotted cuckoos can prey upon host eggs but also
chicks as a measure of extortion to force acceptance of parasitism (mafia behaviour,
SoLER M. et al. 1995). Great spotted cuckoos could be considered by azure-winged
magpies as potential predators, which would induce the intermediate response we
found. Additional support for this possibility is provided by the absence of breed-
ing phase effects on level of defense against the great spotted cuckoo by the azure-
winged magpie. Alternatively, the azure-winged magpie may perceive threat as a
function of the size of the mounted bird. Accordingly, we would expect aggressive-
ness to increase with the size of the mounted bird. This possibility can be ruled out
because the intensity and response latency shown by azure-winged magpies did not
vary between parasite and predator decoys despite obvious differences in size. Fur-
thermore, the number of recruits attracted to a great spotted cuckoo and a mistle
thrush decoy did not vary. In addition, previous studies have reported a consist-
ent response towards control mounted birds independent of their size, which would
suggest that size is unimportant (e.g. DUCKWORTH 1991, GILL & SEALY 1996, SEALY et
al. 1998).

Azure-winged magpies seemed to perceive the predator as the major threat
irrespective of the breeding stage. This finding may be the consequence of the pred-
atory characteristics of the species we used as predator. The sparrowhawk could
be regarded by azure-winged magpies as an adult predator more than than a chick
or egg predator, which diminishes the importance of nest reproductive value as a
factor inducing nest defense. Previous studies reporting a seasonal increase in the
level of defense against a mounted predator preferentially used an egg and/or chick
predator (GILL & SEALY 1996, SEALY et al. 1998). However, this seems not to be a
prerequisite because several studies have shown a consistent increase in the level of
defense against predators as the reproductive offspring value increases when using
mounts of predator species that preying on both adults and offspring (e.g. PAVEL
& BURES 2001, RYTKONEN 2002). Alternatively, it could be argued that we may be
unable to detect whether nest owners are defending the nest according to its repro-
ductive value because of the communal defense shown by the azure-winged magpie.
This seems unlikely because the mean number of recruits at the nests was about
two individuals only when exposed to a mounted predator (Fig. 2).

Our results imply that azure-winged magpies defended more intensely than
magpies when they face a mounted great-spotted cuckoo, although the number of
birds attacking the decoy was similar for both species. Therefore, the defensive
behaviour of azure-winged magpies could be one of the key factors explaining the
current absence of parasitism by the great spotted cuckoo in Iberia. Indeed, mag-
pies show a lower intensity of defensive behaviour against the parasite than did the
azure-winged magpies despite the fact that the former is the primary host. It should
be noted that azure-winged magpies defended their nest from the great spotted
cuckoo at a higher intensity than do magpies even though they apparently do not
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recognize the threat of brood parasitism (this study). Consequently, azure-winged
magpies show a high non-specific level of defense that might be modulated by fac-
tors other than brood parasitism, such as nest predation. Indeed, Iberian azure-
winged magpies have extremely high predation rates with up to 80% of their nests
lost in a single season (CrRuz et al. 1990). Hence, nest predation is likely to be a
factor that explains the high willingness to defend their nests irrespective of brood
parasitism. Finally, our data did not allow us to conclude that the existence of com-
munal defense by the azure-winged magpie was the mechanism preventing great
spotted cuckoo parasitism. In fact, we failed to find differences in the number of
individuals recruited for defense in magpie and azure-winged magpie nests.

In conclusion, our results suggest that the azure-winged magpie is able to dis-
criminate among different threats during the breeding season and to respond dif-
ferently to them. They responded most aggressively towards a potential predator.
Although they are potential suitable hosts for the great spotted cuckoo, and the cur-
rent evidence suggests that they were widely used as hosts in the recent past, they
do not seem to recognize the great spotted cuckoo as a brood parasite but as an
egg and chick predator. Furthermore, the high willingness of azure-winged magpies
to defend their nests could be a consequence of the high level of nest predation suf-
fered by the species in the region and this in turn could lead to prevention of para-
sitism by the great spotted cuckoo.

ACKNOWLEDGMENTS

We are grateful to Juliana Valencia and Carlos de la Cruz for advice on how to search
for azure-winged magpie nests. Florentino de Lope lent us the mounted birds. We thank
Robin McCleery and two anonymous referees for helpful comments on the manuscript. We
especially thank Sharon Gill who gently attended questions related to the experimental design.
Finally, we are grateful to the Direccién General de Medio Ambiente de la Junta de Extrema-
dura which provided us with permission, and to the owners and guards of Casa Urraca and
Suerte de Santa Maria who provided us with facilities during field work. This study was per-
formed without financial support.

REFERENCES

ANDERSSON M., WICKLUND C.G. & RUNDGREN H. 1980. Parental defense of offspring: a model
and an example. Animal Behaviour 28: 536-542.

ARIAS DE REYNA L. 1998. Coevolution of the great spotted cuckoo and its hosts, pp. 129-142.
In: Rothstein S.I. & Robinson S.K., Edits. Parasitic birds and their hosts: Studies in
coevolution. Vol. 9. Oxford: Oxford University Press.

ARriAs DE REYNA L. & HipaLco S.J. 1982. An investigation into egg-acceptance by Azure-winged
Magpie and host-recognition by Great Spotted Cuckoo chicks. Animal Behaviour 30:
819-823.

AviLEs J.M. 2004. Egg rejection by Iberian azure-winged magpies in absence of brood parasit-
ism. Journal of Avian Biology 35: 295-299.

BIERMANN G.C. & ROBERTSON R.J. 1983. Residual reproductive value and parental investment.
Animal Behaviour 31: 311-312.

BIRKHEAD T. 1991. The magpies. The ecology and behaviour of black-billed and yellow-billed
magpies. London: T. and A.D. Poyser.



332 J.M. Avilés and D. Parejo

CraMP S. & PERRINS C.M. 1994. Handbook of the birds of Europe, the Middle East and North
Africa: the birds of the Western Palearctic. Vol. VIII. Oxford: Oxford University Press.

Cruz C., DE LoPE F. & pa SiLva E. 1990. Exito reproductor del Rabilargo (Cyanopica cyanea
Pall., 1776) en Extremadura. Ardeola 27: 179-195.

Curio E. 1975. The functional organization of anti-predator behaviour in the pied flycatcher:
a study of avian visual perception. Animal Behaviour 23: 1-115.

Curio E. & REGELMANN K. 1985. The behavioural dynamics of great tits (Parus major)
approaching a predator. Zeitschrift fiir Tierpsychologie 69: 3-18.

Davies N.B. 2000. Cuckoos, cowbirds and other cheats. London: T. and A.D. Poyser.

DuckworTH J.W. 1991. Responses of breeding reed warblers Acrocephalus scirpaceus to mounts
of sparrowhawk Accipiter nisus, cuckoo Cuculus canorus and jay Garrulus glandarius.
Ibis 133: 68-74.

FRIEDMANN H. 1964. Evolutionary trends in the avian genus Clamator. Smithsonian Miscellane-
ous Collection 146: 1-127.

GiLL S.A., GRIEFF P.M., StaiB L.M. & SEALY S.G. 1997. Does nest defence deter or facilitate
cowbird parasitism? A test of nesting-cue hypothesis. Ethology 103: 56-71.

GILL S.A. & SEALY S.G. 1996. Nest defence by yellow warblers: recognition of a brood parasite
and an avian nest predator. Behaviour 133: 263-282.

GREIG-SMITH P.W. 1980. Parental investment in nest defense by stonechats (Saxicola torquata).
Animal Behaviour 28: 604-619.

GriM T. 2005. Host recognition of brood parasites: Implications for methodology in studies of
enemy recognition. Auk 122: 530-543.

KNIGHT R.L. & TEMPLE S.A. 1986. Nest defence in the American goldfinch. Animal Behaviour
34: 561-566.

KoMEDA S., YAMAGISHI S. & Fusiopa M. 1987. Cooperative breeding in Azure-winged Magpies,
Cyanopica cyana, living in region of heavy snowfall. Condor 89: 835-841.

NAKAMURA H., KuBoTA S. & Suzuki R. 1998. Coevolution between the common cuckoo and its
major hosts in Japan, pp. 94-112. In: Rothstein S.I. & Robinson S.K., Edits. Parasitic
birds and their hosts: Studies in coevolution. Vol. 9. Oxford: Oxford University Press.

NEUDORF D.L. & SEALY S.G. 1992. Reactions of four passerine species to threats of predation
and cowbird parasitism: enemy recognition or generalized responses. Behaviour 123:
84-105.

PAVEL V. & BURES S. 2001. Offspring age and nest defence: test of the feedback hypothesis in
the meadow pipit. Animal Behaviour 61: 297-303.

REDONDO T. 1989. Avian nest defence: theoretical models and evidence. Behaviour 111: 161-
195.

REDONDO T. & ARIAS DE REYNA L. 1989. High breeding success in experimentally parasitized
broods of azure-winged magpies (Cyanopica cyana). Le Gerfaut 79: 149-152.

REDONDO T. & CARRANZA J. 1989. Offspring reproductive value and nest defence in the magpie
(Pica pica). Behavioral Ecology and Sociobiology 25: 369-378.

ROBERTSON R.J. & NorMAN R.F. 1976. Behavioural defences to brood parasitism by potential
hosts of the brow-headed cowbird. Condor 78: 166-173.

ROBERTSON R.J. & NorRMAN R.F. 1977. The function and evolution of aggressive host behaviour
toward the Brown-Headed Cowbird (Molothrus ater). Canadian Journal of Zoology 55:
508-518.

RoSKAFT E., MOKSNES A., STOKKE B.G., Bicik V. & MoskAT C. 2002. Aggression to dummy cuck-
oos by potential European Cuckoo hosts. Behaviour 139: 613-628.

ROTHSTEIN S.I. 1990. A model system for coevolution: avian brood parasitism. Annual Review
of Ecology and Systematics 21: 481-508.

RYTKONEN S. 2002. Nest defence in great tits Parus major: support for parental investment
theory. Behavioral Ecology and Sociobiology 52: 379-384.

SAS INSTITUTE 1996. SAS/STAT software changes and enhancements through release 6.11.
Cary, North Carolina: SAS Institute.

SEALY S.G., NEUDORF D.L., HoBsoN K.A. & GILL S.A. 1998. Nest defence by potential hosts
of the brown-headed cowbird, pp. 194-211. In: Roshtein S.I. & Robinson S.K., Edits.



Azure-winged magpie nest defense 333

Parasitic birds and their hosts: Studies in coevolution. Vol. 9. Oxford: Oxford University
Press.

SMITH J.M.N., ARCESE P. & MCLEAN 1. 1984. Age experience and enemy recognition by wild
Song Sparrows. Behavioral Ecology and Sociobiology 14: 101-106.

SOLER J.J., AVILES J.M., SOLER M. & Mg@LLER A.P. 2003. Evolution of host egg mimicry in a
brood parasite, the great spotted cuckoo. Biological Journal of the Linnean Society 79:
551-563.

SoLER J.J. & SoLER M. 2000. Brood-parasite interactions between great spotted cuckoos and
magpies: a model system for studying coevolutionary relationships. Oecologia 125: 309-
320.

SoLER M. 1990. Relationship between the great spotted cuckoo, Clamator glandarius, and its
corvid hosts in a recently colonized area. Ornis Scandinavica 21: 212-223.

SOLER M., MARTINEZ J.G. & SoLER J.J. 1996. Effects of brood parasitism by the great spotted
cuckoo on the breeding success of magpie host: an experimental study. Ardeola 43: 87-
96.

SOLER M., SOLER J.J., MARTINEZ J.G. & M@LLER A.P. 1995. Magpie host manipulation by great
spotted cuckoos: evidence for an avian mafia. Evolution 49: 770-775.

VALENCIA J., CRUZ C., CARRANZA J. & SoLis E. 2005. No brood parasitism by the great spotted
cuckoo Clamator glandarius on the azure-winged magpie Cyanopica cyanus. Bird Study
52: 204-209.

VALENCIA J., CRUz C. & GoNzALEZ B. 2003. Flexible helping behaviour in the Azure-winged
Magpie. Ethology 109: 1-15.



