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Begging activity in broods of Magpies Pica pica was measured as the average total number of
begging nestlings and the number of nestlings giving begging calls between 5 and 9 days
since the first nestling hatched. There was considerable between-brood variation in begging
activity relative to day-to-day variation within broods. Predation between 7 and 20 days of
age was more frequent among those broods which had not previously suffered from brood
reduction due to nestling starvation. Broods which were preyed upon showed significantly
higher levels of begging activity than broods of a comparable size that were not preyed upon.
In addition, the time elapsed from hatching to predation showed a negative correlation with
the total number of begging nestlings. Within broods, those nestlings with the highest
begging motivation (measured as the latency to respond when stimulated) seemed to be more |
readily taken by predators. These results confirm the existence of costs associated to begging |

in the form of an enhanced risk of being detected by predators.

During his classical study on nest predation in the neotropics,
Skutch (1949) was "impressed by how much noisier the nest
became at meal-time when it contained three nestlings than
when it held two, and when it contained two than when it
had a single occupant”. He inferred that “‘by day nests are less
likely to be betrayed by auditory than by visual clues—else
natural selection would long ago have weeded out the noisy
babies”’. However, the observable fact is that many altricial
species of birds emit conspicuous begging sounds that reveal
the location of the nest to non-intended receivers, including
predators (Haartman 1953, Newton 1964, Perrins 1965,
Kilham 1977, Gochfeld 1979, O'Brien & Dow 1979, Harris
1983).

Interspecific comparative studies also suggest that begging
behaviour has evolved under the selection of predation.
Assuming that at least some features of the begging display
have an inherited component (see, for example, Webster &
Hurnik 1987 for heritability measurements of calling rate in
domestic hen chicks), species with safe nest sites should
display a more conspicuous begging behaviour than species
more vulnerable to nest predators. Birds nesting in protected
sites, like holes, often emit louder (Kilham 1977, Fraga
1980), lower-pitched and more locatable calls (Redondo &
Arias de Reyna 1988) than species which build open nests.
For example, hummingbirds share several characteristics
which predispose them to suffer from high predation pres-
sures: they are small-sized birds which build open nests in
tropical habitats. Most species of hummingbirds beg for food
silently but the Violet-tailed Sylph Aglaiocercus coelestis, a
species which nests in more protected sites, produces begging
calls (Schuchmann 1983).

How is that natural selection has not eliminated a
seemingly maladaptive trait like loud begging? A possible
answer to this enigma has been offered by parent-offspring
conflict theory (Trivers 1974), which states that nestlings
will evolve conspicuous solicitation behaviour as a way of
obtaining a larger fraction of resources than their parents
have been selected to give (Harper 1986). Offspring will
engage in costly solicitation activities whenever the benefit
accrued (a larger sharing of food) more than compensates for
the cost incurred. There is compelling evidence indicating
that food provisioned by parents is a limiting resource for
nestlings (e.g. Magrath 1989). Escalated begging by nestlings
increases parental feeding rates (Haartman 1953, Hussell
1988, Stamps et al. 1989) and positively influences a
nestling’s probability of receiving food (Bengtsson & Rydén
1983; Gottlander 1987), hence nestlings are selected to
increase begging activity when food is scarce (Hussell 1988,
Smith & Montgomerie 1991, Redondo 199T1). Since differ-
ential predation towards hungrier and presumably noisier
broods exacerbates the cost of attempting to rear large
broods, predation may be a limiting factor in the evolution of
avian fecundity rates (Perrins 1977, Ricklefs 1977, Slagsvold
1982, 1984). In addition, theoretical treatments of parent-
offspring conflict (MacNair & Parker 1979, Trivers 1985,
Harper 1986) and the evolution of animal signals (Zahavi
1977) often assume the existence of a predation-related cost
of conspicuous solicitation by nestlings. Regrettably, most of
the above examples pointing to an association between
begging activity and predation risk only give indirect evi-
dence, and none has yet detected a positive relationship
between both variables in quantitative terms.
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This paper reports on the occurrence of an association
between begging activity and predation risk in broods of the
Magpie Pica pica. As in other altricial species which build
nests in exposed sites (Ricklefs 1969), Magpies suffer from
heavy nestling predation. Around 24% of all nestlings
hatched are killed by predators (Baeyens 1981a, Reese &
Kadlec 1985, Redondo unpubl.), the equivalent figure for
complete broods being 26.1% (Alvarez & Arias de Reyna
1974, Hogstedt 1980, Tatner 1982, Arias de Reyna et al.
1984, Balanca 1984). In most areas of their European range,
Magpies are territorial during the breeding season and there
Is a large variability in reproductive success between pairs
related to territory quality (Birkhead et al. 1986, Moller
1982). Both the incidence of predation and nestling starva-
tion have been reported to be lower in high-quality territories
(Hogstedt 1980). Magpie nestlings give clearly audible
begging calls (Linsdale 1937) and increase their begging
rates in response to food deprivation (Redondo 1991), hence
this association could be evidence of a higher predation risk
incurred by hungrier nestlings in poor quality territories.
However, the situation is complicated by the fact that
experienced males obtain the best territories (Baeyens
1981b), and invest heavily in both feeding and protecting
nestlings from predators (Goodburn 1991). Consequently,
differences in parental quality and begging activity both
predict the occurrence of differential predation towards
broods in low-quality territories.

METHODS

Data were collected during the 1990 breeding season at the
Donana Biological Reserve (southwestern Spain), where
Magpies bred at high densities along a narrow area of marsh-
scrub ecotone with a high productivity. Details of the study
area can be found in Alvarez & Arias de Reyna (1974) and
Rogers & Myers (1980). Birds selected meadow habitats with
scattered bushes of heath Erica scoparia and blackberry Rubus
ulmifolius for placing their nests. The study was restricted to
the area (3 km x 0.5 km) with the highest nest density (42
nests/km?). Nests were located on a 1:25 000 map. All nests
were placed in bushes, at heights above ground ranging from
a few centimetres to 2 m. No nest placed below 0.5 m above
ground was included in the sample. All nests were inspected
daily from clutch initiation to clutch completion and from
hatching until the chicks fledged. Brood-sizes were adjusted
to 4-6 nestlings the day after the last nestling hatched. Most
broods were not manipulated in this way but we enlarged
eight broods containing three nestlings by adding a single
nestling of the same age, collected from nests in which more
than five hatched. Nestlings were individually marked with
non-toxic waterproof ink when younger than 12 days and
ringed with numbered PVC rings when older. They were
weighed daily.

Careful daily inspection of nestlings allowed us to identify
three major causes of mortality. Nestlings which disappeared
after at least two consecutive days of zero or negative growth
with no visible symptom of illness were assumed to have died

from starvation. Nestlings which showed evident signs of
organic dysfunction (dull body colouration, generalized
astchenia or inflammation) were assumed to have died from
disease, irrespective of their body-mass changes. Predation
was assumed to occur whenever an entire brood disappeared.
In addition, we considered that partial within-brood losses of
healthy nestlings (i.e. nestlings which were growing at a
similar rate to their nestmates and which did not show
symptoms of illness prior to their disappearance) were the
result of partial predation. Out of 14 instances of suspected
partial predation, surviving nestlings showed injuries in four
cases and blood remains could be detected in another two
instances. It is unlikely that accidental falling from the nest
could have been responsible for the disappearnace of nes-
tlings in the remaining eight cases because of the deep cup
and dense stick walls typical of a Magpie domed nest.

Between 5 and 10 days after the first nestling hatched, we
recorded the begging activity of a brood by gently putting
nestlings on a cloth, then stimulating them to beg with a
single human vocalization. Both the absolute number of
begging (gaping with or without calling) nestlings and the
number of nestlings giving begging calls were recorded, as
well as the sequential order in which nestlings begged (see
Redondo 1991, for a description of the calls). In addition, we
recorded the mass gain of nestlings during 1 h interval
periods in early morning, coinciding with the daily peak in
parental feeding rate (Buitron 1988). We computed relative
mass increment per hour (as a percentage of initial nestling
mass) as an estimate of food provisioning. Daily measures of
begging activity and mass gain were obtained for as long as
brood-size was not reduced due to partial mortality. Only
those broods with at least two measurements were taken into
account. Average values per brood were calculated to be
included as separate data points for statistical purposes.

In order to test whether begging activity affected predation
risk, we used a subsample of nests in which predation
occurred between 7 and 20 days after the first nestling
hatched. As nestlings older than 20 days were able to escape
from the nest in response to disturbances (Redondo &
Carranza 1989), we assumed that predation occurring in
broods older than 20 days was independent of begging
estimates obtained for chicks younger than 1o days. In
addition to whether a nest was preyed upon, we used the
number of days a brood remained safe from predation (time of
brood survival, whereby Day 1=date of first nestling
hatched) as a measure of predation risk. In doing so, it is
assumed that more vulnerable nests are destroyed more
quickly (Ricklefs 1969), hence time of brood survival
becomes a measure of the predation risk faced by a nest. Only
one out of six enlarged broods in which brood reduction
occurred was preyed upon, and consequently such reduced
broods were included in the analyzed sample. This overesti-
mates the begging activity of predation-free broods, which in
turn makes statistical analyses conservative.

Statistical analyses were performed according to Zar
(1984). Since the main hypothesis was that noisier broods
attract more predators, all test probabilities are one-tailed,
unless otherwise stated. Nonparametric partial correlation
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coefficients (Siegel & Castellan 1988) were used to measure
the association between two variables after controlling for
the effects of a third one.

RESULTS

Predation was an important source of nesting mortality in
Doriana. Out of 66 completed clutches, 17 (25.7%) were
destroyed by predators and 23 (50%) out of 46 successfully
hatched broods were totally or partially preyed upon.
Identified predators of nestlings included large Montpellier
snakes Malpolon monspessulanus, kites Milvus spp., rodents
Eliomys quercinus and Rattus norvegicus, a medium-sized
carnivore (most likely genet Genefta genetta or polecat
Putorius putorius) and Iberian lynx Felis pardina. Additional
causes of within-brood mortality were starvation (21/46)
and disease (14/46).

Predation in broods older than a week (n=44) was
especially frequent among those broods which had not
previously suffered from within-brood mortality. Of broods
free from mortality due to starvation or diseases, 65%
(n=13) were attacked by predators, while the comparable
figure for broods with partial losses was 29% (n=17) (Fisher’s
exact test, P=0.019). Starvation accounted for most of the
above difference. When broods in which within-brood mor-
tality could not be attributed to starvation were removed
from the analysis, the proportion of broods subject to
predation remained fairly low (Fig. 1). Four out of eight
enlarged broods were preyed upon. Those broods which
remained safe from predators had in fact experienced a larger
reduction in size (36.T £ 7.7%s.e., n=24) than broods which
were subsequently preyed upon (18+6.2% s.e., n= 20)
(Mann-Whitney U-test, Z=2.0I, P<0.05). Among these,
the time elapsed from hatching to predation was positively
correlated with the percentage of dead nestlings due to causes
other than predation, after controlling for the effect of brood-
sive (Kendall’s partial r=0.49, P<0.05, n=19). This sug-
gests that the extent of brood reduction affected the timing of
nest predation, so that broods with a higher partial mortality
remained safe for longer. The spatial distribution of nests did
not reveal a clear pattern concerning the association of brood
reduction or predation with certain areas (Fig. 2).

The relative gain in mass of nestlings was dependent upon
brood-size (Table 1) so that nestlings in smaller broods gained
more weight (Spearman’s r=—o0.22, two-tailed P<o0.01,
n=178) but no significant effects were detected associated
with the occurrence of brood reduction and predation (Table
1). However, when only zero or negative increments were
considered (due to nestlings which failed to obtain food), a
significant interaction appeared between the occurrence of
brood reduction and predation, whereby relative mass losses
were higher for nestlings in non-reduced broods which were
subsequently preyed upon (Table 1, Fig. 3).

There was considerable variation in the number of begging
nestlings per nest. The average number of nestlings giving
begging calls was usually lower than the average number of
begging nestlings (Table 2), although the two measures were
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Figure 1. The percentage of successfully hatched Magpie broods
which were preyed upon in broods showing no mortality due to other
causes (NM), broods in which at least one nestling died from
starvation (S) and broods in which at least one nestling died from
starvation or disease (D). A larger proportion of broods preyed upon
occurred among NM broods compared with S broods (Fisher's exact
test, P=0.042).

positively correlated (Spearman’s r=0.67, P<o.0071,
n=138). Such a difference arises as a result of a gradual
increase in the intensity of the begging display as nestlings
become hungrier (i.e. nestlings with a low hunger motivation
refrain from uttering begging calls while begging). Despite
such variability in the intensity of the display related to short-
term changes in nestling motivation, our estimates of
begging activity showed the existence of a large between-
brood variation across several days relative to within-brood
variation (Table 2). No differences were observed between
reduced (n=20) vs non-reduced broods (n=13) in the
average proportion of begging nestlings (Mann-Whitney
U-test, z=1.15, n.s.) or the proportion of nestlings giving
begging calls (z=1.05, n.s.).

Despite the fact that larger broods were noisier (Spear-
man’s r=0.69, P<0.00T for the absolute number of begging
nestlings; r=0.63, P<o0.001, for the number of nestlings
giving calls; n=38), they were not at a higher risk of being
taken by predators than smaller ones. On the contrary, the
proportion of 4-chick broods subject to predation (6/12) was
slightly higher than the proportion of 5 (5/13) and 6-chick
broads (3/7). In addition, small broods tended to be preyed
upon at an earlier age than larger ones (Spearman’s r=0.46,
two-tailed P<0.05, n=19).
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If noisier broods stand a higher predation risk, we should
expect those broods subject to predation to have displayed a
higher level of vocal activity. Both the absolute number of
begging nestlings and the number of nestlings giving begging
calls were higher in broods which subsequently were preyed |
upon than in non-preyed upon broods of a comparable size |
(Fig. 4). However, this is probably a rather crude way of |
testing the hypothesis because there are some factors (like a
safe nest situation or efficient parental defence) which could
prevent very noisy broods from being taken by predators. A
more sensitive test is to focus on those nests actually
encountered by predators, then to ask whether noisier broods
were destroyed at a more rapid rate than comparable quieter
ones. Survival time from hatching to predation showed a
significant partial correlation with the number of begging |
nestlings (Kendall’s partial r= —0.46, P<0.01), though not |
with the number of nestlings giving begging calls (r= — 0.26,

n.s., n=15) when the effect of brood size was controlled for.

In a small subsample of nests (n=11), predators took one .
or two nestlings. The victimized chicks tended to be those
coming from late-hatched eggs but none of them was
starving at the time the nest was attacked. In fact, their
average body-mass ranked above their position in the
hatching sequence (Fig. 5). However, they showed a clear
trend to be among the nestlings with the shortest latency to
beg when stimulated during the two days before they
disappeared.

DISCUSSION

The hypothesis that noisy broods attract predators to the nest
makes several predictions concerning the pattern of nest
predation. First, hungrier (and noisier) broods should stand a
higher predation risk, other things being equal, than well-fed
broods; second, larger broods should attract more predators;
and, third, older broods should be at a higher risk if begging
calls become louder as nestlings grow up.

This study provides suggestive evidence that noisy broods
attract predators to the nest. Since sampling was restricted to
the area of maximum density of breeding pairs, where the
proportion of experienced breeders is highest (Reese & Kadlec
1985), it is unlikely that differences in parental quality could
account for the observed association between begging acti-
vity and predation risk. The possibility that the reduced
predation rate on brood-reduced nests could be because
poorer birds are displaced to sub-optimal nesting areas,
O Successful where nests have higher starvation rates, and that these
-© Starvation areas are ignored by predators because of their low profit-
ability, is not supported by the rather uniform distribution of
nests in space, independently of their fate. We might
® Whole-brood predation speculate that partial predation within a brood may be
@ Partial brood predation influenced by individual differences in begging behaviour;

1 km

¢ Diseases

e Clutch predation
Figure 2. Map ol the study area showing the spatial distribution of

Magpie nests according to causes of mortality. Those broods in which
nestlings died from several different causes are indicated by a
combination of symbols.

A Other (abandoned or unfertile
clutch, unknown )
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Table 1. Results from a three-factor ANOVA |

Source Sum of Squares ar F P assessing the effects of brood-size (S), brood
. = reduction (R), and predation (P) upon the H

average mass increments of nestlings Magpie

All nestlings
obtained during 1 hperiods in early morning,

Main effects 30.050 4 2.087 n.s.

Size 25.497 5 3.541 <0.04 expressed as percentage of initial nestling mass |

Reduction 0.045 I 0.0I3 ns. |

Predation 6.323 1 1.757 n.s. |
2-factor interactions 17.226 5 0.957 LS. |

SxR 3.198 2 0.444 n.s. |

SxP 12.352 2 1.716 n.s.

RxP 0.116 I 0.032 n.s. ‘
Residual 590.364 164 |
Total 637.643 173 ‘

Nestlings with negative gain
Main effects 1.802 4 0.725 n.s. |

Size 0.092 2 0.074 n.s. ||

Reduction 0.323 1 0.519 n.s.

Predation 1.090 1 1.754 n.s.
2-factor interactions 12.548 5 4.040 <0.02

SxR 4.774 2 3.842 <0-05

SxP 2.244 2 1.806 n.s.

RxP 4.361 I 7.020 <0.02
Residual 10.561 7
Total 24.911 26
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Figure 3. Average (£s.e.) negative mass
increments (expressed as percentage of
initial nestling mass) obtained during 1 h |
-8 - periods in early morning for Magpie
broods according to causes of mortality. I-
White bars: nests in which no nestling |

-20 died from starvation; Black bars: brood- |

reduced nests; P: preyed-upon broods; NP:

NP P NP P broods not preyed upon. |
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Table 2. Numbers of begging Magpie nestlings and nestlings giving
begging calls in relation to brood-size

Brood-size
4 5 6

Total number of begging nestlings

Average 3.45 4.09 5.12

s.e. 0.62 0.77 0.65

Range 2.0-4.0 2.2-5.0 4.0-6.0

H 28.67 22.82 I5.35

P 0.004 0.029 0.032
Number of nestlings giving calls

Average I1.52 2.32 3.81

s.e. 0.87 0.69 I.42

Range 0.0-3.0 1.0-3.5 I1.3-6.0

H 23.81 8.93 14.48

P 0.022 0.709 0.043
Number of nests 13 13 8
Number of observations 61 61 40

H: Kruskal-Wallis' nonparametric ANOvA between nests.

highly motivated nestlings might be more conspicuous to a
predator which strikes at a single chick.

It is unclear whether noisier broods were also hungrier.
The disproportionate risk of predation incurred by broods
with no partial mortality provides equivocal evidence in this
sense. It may be that surviving nestlings in reduced broods
received more food, and hence begged less noisily. Evidence in
support of this possibility is provided by the fact that nestlings
in smaller broods obtained more food, and that nestlings in
non-reduced broods which were preyed upon had been less
likely to be fed during 1 h sampling intervals. Alternatively,
brood-reduced nests could have been visited at a lower rate

(because a lower provisioning rate is the cause, or effect, of
brood reduction), and predators are less likely to detect a nest
via the parents’ nest visitation. In any case, neither begging
activity, nor food provisioned to nestlings, showed significant
differences between reduced and non-reduced broods. A third
possibility is that there may be a great deal of between-brood
variation in begging activity which is unrelated to differences
in the amount of food provisioned to a nest, as it has been
found for other species (Hussell 1988, Stamps et al. 1989).

Perrins (1965) reported that large broods of Great Tits
Parus major were more readily encountered by sound-guided
predators (weasels, squirrels and woodpeckers). On the other
hand, Hogstedt (1980) found that whereas artificially
enlarged broods of Magpies suffered from heavier predation
losses, no such effect was apparent when considering
natural-sized broods. The main conclusion from Hogstedt's
study was that parents adjusted clutch-and brood-size to an
individual optimum, so that mortality factors were evenly
distributed among the various brood-size classes. We found,
however, that smaller broods experienced a slightly higher
risk of predation. Although sample sizes were too small to
allow comparisons between brood-size classes, the effect
obscured a trend for broods subject to predation to display
higher absolute levels of vocal activity during the days
preceding predator attack. Only after controlling for the effect
of brood-size did such a trend become evident.

Magpie begging calls become increasingly louder as nest-
lings grow older (Redondo 199T1). This effect could increase
the risk of predation for older broods but, in fact, daily
mortality rates due to predation reach a peak around the
middle of the nestling period (Redondo & Carranza 1989).
Evidence obtained from other species also point to a lack of a
relationship between age-related variations in the intensity of
begging calls and the likelihood of predation (Young 1963,
Holcomb 1969, Greig-Smith 1980, Knight & Temple 1986).
The first likely reason why predation should not be more
prevalent among older broods is that predators quickly

Figure 4. Average (+s.e.) values of the
total number of begging Magpie nestlings
(a) and the number of nestlings giving
begging calls (b) adjusted for brood size in
preyed-upon broods (P) and broads not
preyed upon (NP). Comparison between
adjusted means (analysis of covariance):
(a) t,4=1.88, P<0.05; (b) t,y=1.76,
P<o0.05. Broods that were preyed upon
(n=14) had a significantly higher
proportion of begging nestlings (Mann-
Whitney U-test, z=1.89, P<0.05) and of
nestlings giving begging calls (z=2.02,
P<0.05) than broods that were not

5.0 - (a) 301 (b)
4,5 2.5
. ]
: 1 T
¥
5 40 - 2.0 J.
; |
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P preyed upon (n=18).
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Figure 5. The identity of victimized Magpie nestlings in cases of
partial predation according to hatching (1 —first hatched) and body
mass rank (1 =heaviest) on the day before they disappeared, and the
latency-to-beg rank (1 =shortest latency) averaged for the 2 days
preceding their disappearance.

remove the broods which are easier to find (Ricklefs 1969,
Willis 1973). Experiments with artificial nests have shown
that the rate of nest destruction as a function of exposure time
is higher at the initial stages (Gottfried & Thompson 1978,
Martin 1987). This may partly compensate for the improved

detectability of older broods. Second, developmental changes
in the acoustic structure of begging calls show a general
pattern across different species which suggests that older
nestlings emit calls which are more easily degraded into the
environment (Redondo & Exposito 1990), thus reducing the
chances of being accurately detected and/or decoded by an
acoustically-guided predator. Third, nestlings respond to
external situations presumably associated with the occur-
rence of predation, like parental alarm calls or novel stimuli,
by ceasing to beg (Rydén 1978, Bischof & Lassek 198 5)or by
means of self-defensive behaviours, and such abilities
improve with age (Khayutin 1985, Redondo & Carranza
1989).

Altogether, the above considerations show that complex
interactions may exist between begging activity, predation
risk and other variables. As a consequence, tests of the
hypothesis looking for an association between predation risk
and an indirect estimator of brood noise, such as brood size or
nestling age, may be difficult to interpret.
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